ASPHALT- M NERAL COMPCSI TI ONS FI ELD OF | NVENTI ON The present invention
relates to asphalt and asphalt-m neral conpositions suitable for 5paving or
sur f aci ngvoansia7smwli ons. The conpositions include at | east/INZ®I/C@TIDNI C
organosi |l i con conpound and exhi bit inproved adhesi on of asphalt binder 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 inpreqystONTAVIINERAIACOMPOSITREINS Of gl ass fibers to
pronote the adhesi on of various organic resins such as the pol yester
resins, ePRKDOUSFIRYERSr@N Phenol formal dehyde resins and for the surface
treatment of textiles, leathers, ceramcs and glass materials. 15 It has
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Sander son, SR i s as Anti-stripping Agents".
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and is very expensive to practice. In 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
conpounds, however, have the di sadvantjage 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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The present invention satisfies at |east sone of the aforenentioned needs
by providing asphalt conpositions and asphal t-m neral conpositions that
have i nprwoediozdbmsi on bet ween t he asphalt and the aggr egams2009h@7esphal t
conpositions and the asphalt- 5 m neral conpositions include at |east one
cationic organosilicon conpound. The cationic organosilicon conpound is
preferably present in the conpositions ranging fromO0.001 to 5% by wei ght
of the asphalt. In one aspect, the present invention provides an
asphalt conposition that includes at |east one cationic organosilicon
conmpound interm xed with asphalt. The asphalt 10 conpositions exhibit

I npr oved neddingr gead dnd 2AchlbdethyRit.eU)S. PhteaO0ega8&661 dibcl6es sing asatiegi ment s,
t he cationic organosi on conpound has a fornula sel ected fron1the group
consi st i Mg °BRNOND Ct‘°§|’“‘}( Tfkfalnsij F@%H‘fﬁlﬁééwfs f§y. appig %mrmﬂz?pmsmm 3nd 15
Y3_aSi ( RbakRRdy: s, 190, mmlwi&%s L8¢ anhe AMIBERIREA ﬂolﬁﬁ@n@ ak R8I R promébiers

i ndependent |y selecfed froma oup consisting of OR O(CHZCHf 0) Ol

( mmz@m%phalérmnemwm@m%a rRRing. §. ﬁhaBatantvprae4 $A, é&ft @ud 43R5 1 or

2; 201 | Rl is either
met hy o?h%}toﬁ ?Slx;%%éhesst&n@lp roéﬁ gﬁ? n%rf %"rgﬁ?“{%ﬁ% &EA ) 84Fe each

i ndependent | yTheI thetred fmbibitya ofr eﬂnpomcmmp@undsg dweSler, GZ%I@I oy | prbatwher ei n
at | east . one such

CH2OH and™PQiEnsS yﬂ&e? 6§F%t6] MY {}]r%ﬁle? th&‘ OinPgnIB?m?Sr oy Qn‘t‘/op%l%f’ng% is a

a - c2 a@lﬁirsfohttﬂ‘rdﬁpfﬁakt)’tb thidehaC aggregitd ButGHoOlendRy sti1® Eﬂ/é}% wfde&@ﬁabéiﬁturésom de,
acetate or toslate and Z is pridiniumring of for I n

anot her &%186apd fara sytendedperiod Rfifimedn ﬁﬁi‘B‘{}?lﬂ@sth&s 5H%hh‘lghl¥| W@le gBhiP6si ti ons
t hat 1onclaa'f%mm&ﬁa4ersawaa%g@ﬁs%f HRfhe %W@hﬁwu@&gtl@ %;hfct Ay AlfoAR! r8MeC

organosi li con conpound. In one enbodlnent the asphal t-mneral conpositions
i ncl ude %0iRbsaior pating Vﬂ@tqghls the asphrltrralicon cag@p@ghm@ctu@s sloukDbpaxitabldip wei ght
of an as , f ht eas tionic
organ05|ﬁﬂ%0nagggg un% u%ﬁ%S&&wéﬁ’gg%’%ﬁé%ésp a? %ﬁn @%P%besgb&q

enbodi rrerokslatldrhémm@ probéssingragd nivsing |1m£gnteaﬁragﬁigndhepube®whering t$iebility at -
asphal t-m neral Lio s sel ecteq fr he group consistjn

Y3_aSi ( RETASHERAR. ”Eggéd ‘E}@l%&%‘i—*@i%“ﬁgrﬂmg halt 15, %W?%@@E‘%P%‘} R2ZX"
or mnigturg§et h@foapinesmylﬁg}&rmu O ¥k Stab Qﬁﬂstﬁ@thgo@;ea@ct ed
froma group consisting o 0( CH2CH20) nH, ( CH3COCH and
(%mzmwrnapmgdnerm@cesa ected fromo0, 1 or 2;

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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15n is 1, 2, 3, 4, 5, 6, 7, 8, 9, orb; Ris d-C4 alkyl; Rl is either
methyl or ethyl; R2 is O - C4 alkylene group; R3, R4 and R5 are each

i ndependewol2g1088B®et ed from a group consisting of C - CPETANRpH/O@I120her ei n
at | east one such group has nore than 8 C atons, -CH2C6H5, -CH2CH2OH, -
CH20H and - (CH2) yNHC(0) R6 wherein y has a value of from2 to 10 and R6 is a
G - Cl12 perfluoroal kyl radical; X is chloride, bromde, fluoride, iodide,
acetate or tosylate; and Z is pyridiniumring of fornmula C5H5N+. 25 BRI EF
DESCRI PTI ON OF THE DRAW NGS Havi ng t hus descri bed the invention in general
terms, reference will now be nmade to the acconpanying draw ngs, which are

not necesSEVIMARY @QIMINVENSETRIS, and wherein: FIGURE 1 A shows the control
sanpl e of asphalt-concrete after a boiling test; FIGJURE 1B shows a sanple

. . g >
of asphal t - corfdeerTessrhnYRptian catisiisi & lsasynmsi o Sisnaforenestigpashacss B di ng
to one e e Mo die © E£SRNLLd y f Q| morofddGURE 2A
shows th(rem ?‘gg{ﬂguaf) wat gx‘?\p %1@%%{15%02%’@2 lngger:?p g&g})«?sg?ﬁig %Q‘ﬁ(})}%ﬁé rré}?rloi ng test;
FI GURE 2Bdbersusbetiecnrtbe nshhalt and theragtregate dhheaasplvdl conyonitions endstherpipbalavi ng a
cationic organosilicon co u accordi.ng. to one..enbodi nent t resent
Pvent o aPenpopstifis SRTBR RS 88 st SeRRSuROR RRRES P, e SR Vet er
from a catgdnekilisanpdmepamntds peefhiablyipigsehteiatthe addpdsitiddRiradiins Rois0.00leto
resi dual er fro n asphalt-concrete sanple having a cationic
or ganosi I%&Bﬁwﬂﬁ%g{fﬁaa%@@{;r ding to one enbodi nent of the present invention
after a boiling ohesbpecODlAblefn BRSSPI Om dd¥aak DYEDIJiGMN 4QTheraELsent
invention now will be described nore fully hereinafter. |ndeed, the
i nvent i orfit niggst e pasivntice @rgaositionp gpmpaumdnint¢rarivasl And stbaltd Thetasplalt
constyjpue Jmted 40 . ' t - £.0 I r se
enboc} ionegctog&gél{ég%r %\E}}l%lgd&g govtgﬁg@ﬂ% %ﬁ% g)l gc 1c()jlse uér;aEéﬂ\tﬁlh F’F edggliefg ét%{/ hlgp%ﬁrgaggbl e
| egal r ecumibodineantss theAmtinsie drgamosilieorspagiohnd abd @ formalacsel eatetl Heona feegnogd
clainms, the .singular forns "a", "an", "the", include plural referents
unl ess t HE™¥EF&ext clearly dictates otherwi se. Asphalts are
cust omar i ¥y,SUREIRINTRIRIR G constructions as a glue or binder for aggregate

particles. That IZS*R§ he.asphalt is used to coat and bind aggregate
parti cl esY-’raétfgtaNElP. ThBsé » eper nopl astic-1ike materials which soften when

heat qd ang, RaRUaP7HP0Y KQRIENHeRbSO exhibit viscoelastic properties (e.g.,
exhi bit the nmechanical characteri$tics of 20 viscous flow and el astic

def or mat i wereinyegach fgrerdai n t enper at ure range. Asphalts, however, are
highly ¢ l ex_and | -characteri ials.c aij iety of
sat ur at ngnglnsd utlf% g%c{l}%o%l \égilgﬁtig%hé%c aar%éo%gr ?ﬁ%ﬁ%t%n%cggp%dgb%}géd)g%hpounds

an of t en (ChigOQtigCHpOY, and BOH;CIONCH, G, s. Particul ar asrihalt conpositions
vary dep%g’(j:li ng on ?urce of crude oil. Many of the conmpounds contain

t.he
oxygen, aﬁ?t"@b‘@éﬂ?“ﬁ‘z w0 L8 d: ot her het er oat ons. Asphal t typically
cont aipns pRQUE 380% ky 7veioghitipof carbon; around 10% hydrogen; up to 6%
sul fur; small anobunts of oxygen and nitrogen; and trace anounts of netals
such as ik#l-gtelksl;, and vanadi um The nol ecul ar weights of the

consti tuqinpisgﬁgpﬁggggﬁg?@gﬁ from several hundred to many thousands.

A wide variety o may be used to prepare the asphalt and
asphal t - Rriefat C3elkylemp@sivpi ons according to the present invention. In

general , @nys DAY B9, IL ARG ASRIRL, S0 $9H04 YROARGILANGPEY/ E9P TG
25  wherein at least one such group has more than 8 C-atoms, -CH,C¢Hs, -CH,CH,OH, -
CH,0H and «(CH,)yNHC(O)R® wherein y has a value of from 2 to 10 and RéisaCl—
C12 perfluoroalkyl radical;
X is chloride, bromide, fluoride, iodide, acetate or tosylate; and

Z is pyridinium ring of formula CsH,N",



bi nder satisfactory for preparing paving conpositions is contenplated as
bei ng useful. Paving grade asphalts can have a wi de range of penetration
val ues r awmgizng/d78m as | ow as 30 or 40 dmm for the hardecTasmpioghiasiz o 200
to 300 dnm at 25C (100 g, sec.) for the softer asphalts. The nost w dely
used pavi ng asphalts according to enbodi nents of the present 5 invention
generally have a penetration at 25C of about 60 to 100 dnm (e.g., 60-70,
70-80, or 80-100 dnm. In preferred enbodi nents, however, the asphalt

remai ns viscoelastic in all weather conditions. In certain

enbodi nents of the present invention, the asphalt can include bitunen,
natural asphalth anéthér dspéct,AHE pREer @ichGorpddRies RpASk nfindBSitRskibAmmeoal tar
distillatiagn, 10petrol eum pi Fch and coal tar. ~ Adhesion pronoters are
addi t i vedhgrdepifieral @ggrepaiadan ssphalhrand &t 19sst enehasinis qreangsilicoresinpainde t o
strippin g [ Jolais) lﬁi I t. resent

i nventi o%)lanng %g%?%%?%e%? gj% oé@aﬁggaggrgg%oun ?B‘Zlgggﬁgé %63%’}8;’8%%&? OOFIaovm' ng
f or nul ae:mivgral GigreRbte) RANZRPRAFBXW eightl &F ariZsplBil(, Rid iRARs: RBIRGRG Y, byameight

Y3_, Siz(Rlg) -5 or .M xtures thereof erei,n in each, for Y is.

i ndepg ndébgtalﬁéle%ée ECPEE S T’ﬁmgs%lf S SRR #rl?ﬁ Vﬁqlgltﬁ'-?%%? @H’%fﬁfﬁ?}‘?’lﬁ,

( CH3OCH2 Ghidaflimenns thEHHBIRIOC2EANB )icon? Rambasnd® prédette is elheChgfafingnerd, 1 or
2; nis a value froml%? 10. (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10); Ris
d-C4 al KgmPoggon s spletpd fromdhf groug consiipe of Ry s O - C4 al kyl ene group: 25
R3, R4 amq_agﬁRizl}émeiSXd,ependently selected froma group consisting of

a- Cc22 al kg.l egrein,at |east one such group has nore than 8 C-atons,

- CH2 06115 3-SR P RIR R XEHEH and - (CH2) yNHC(0) R6 wherein y has a val ue of
fromg ta, 10 RNeK2R&-I perfluoroal kyl radical; X is chloride,
brom de, fsfaulériag{e, |’§3?§é@re§(§%ﬁra & or tosylate; and 30Z is pyridiniumring
of f or nulvéhe@GHbiIcat formulaAD 2010/ 073261 PCT/ 1N2009/ 000712 Aggr egat es or

m ner al gregat es are coar rticulate material s_.used i onstruction,
i ncl udi ngygsgng‘?&eg?né%%@ %e?ﬁieﬁegﬁ%? ofe o8B Fonsiting of o gcl Qgcﬁéﬂ%@k , or
m xt ur es (CHeOEHLCH)neid(CH,IOH,0C3,aH808! so aggregates which typically

i nclude dqglomte, granjtes, river-bed crushed gravel, sandstone, |inestone,
basalt aRddt KalPe priesigiom Osl 8hés 5 which can be added to the system

The partiGuhas 329y goRles, o S@Nd, soils etc. used to formthe
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asphal t - m ner al conpositions of the present invention are not critical as
| ong as ey lNadelkilincti onal groups or reactive sites (e.g., silanol

groups) . r e t will bond with the silanols created by
hydr ol ys%gl%gﬁ}eﬁ}ée@?fgnegﬁy; koxy groups. 10l n one aspect, the present

i nventi OIRZﬁB‘@V-i@fESlkﬂSﬂEhg{otlp;COWpOSi tions that can be coated onto a variety
halt conpositions according to

of aggregates to_bind themtogether. As (

embodi me ’sﬁo?n‘fﬁe arﬁreélggmrgep?ﬂﬂ@ﬂw Bﬂe%ﬁéﬁfrﬁ‘inta £ioBP (99%%“‘&‘6?@5@]0@3@031%’% de
vari 20y @heRegaealtComRakdch 6% nidaord thant HE-ABAG! LN, Qfr R eenbal L.
conpositions, according to enmbodi nents of the present invention, retained

on the s&HhQEeand—(§ohY E)Racherein ghearadluesd pus drie 16randmifeissi Gh—i n

wat er i s c§hgBifuofAN YadidAf" €ased due to the incorporation of a cationic
ionic or gan%glll K con c%ar?%)%gnd according to enbodinments of the present

i nvent i ok 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;



In certain enbodi nents, the asphalt conpositions include an asphalt and
from0.001 to 5 % by weight of at | east one cationic organosilicon conpound
based on WRa0WI7¢3¢l of the asphalt. |In one enbodi nent, PREINZ0P/BHH7E2
organosilicon conpound is selected 20 fromthe follow ng fornul ae:

Y3_aSi (12. 1a) RRN+R3R4AR5X- , Y3-aSi (R a) RP+R3R4R5X-, and Y3_aSi (Rd4a) RRZX-;
or m xtures thereof,- wherein in each fornula 25 Y is independently
selected froma group consisting of OR, 0(CH2CH20)"H, (CH30OCH2CH20), and
(CH3CH2OCH2CH20) ; a has a value selected fromO, 1 or 2; n can have any
value from1 to 10; Ris C1-C4 alkyl; 30RlL is either nethyl or ethyl; WO
2010/ 073261606 2N20694 800 R1aRR aieb fibh-a fitrdl SR h @Hdur Rtin st?nd R5 are

each independent|y selected froma group consisSting of ClI - C22 al kyl
wher ei n atTQUEE £Bohews thenresideal praiersirom ea asphalf-@ngrets ssmple hopiprs gionic

10 and o PRoSErh B e O R SO RaL oY el el AV o1F B G ©

f1 uori de,hauptpitfeg testet ate or tosylate; and Z is pyridiniumring of formula
C5H5NE. ot her .enmbodi nent s, the asphalt.c ositions include from
001 £ SRS 2 B d TRRE DT RS o AR T G ropleoBE 5o s i ght o
at | east MOGRREBBahows Heg@sidsd] Iwaanic af QU dnbREEANDPle hitgng\@cgttniof the
asphalt. In ong enbodi nent, the asphalt conpositions include fromO0.02 to
0. 1% by VEEgesigen spmped; acgordingio o embedyasRisel fhe e BhIBEREPHAE R on t he
wei ght ofpdiltg; egiphal t . I n anot her aspect, the present invention

provi des an gixpjhal t-m neral cggﬁposi tion including a mneral aggregate,
asphal t, RRFASLEBDDBSCRIBFKAN 6 THEOWNEBNFSONd. | n one 15 enbodi ment, the

conpqgition i {. el a_m.n I grega 3 to 20
part g%by wei gﬂliﬂeg]% g%%% alelg@cgloﬁr%‘?&lpﬁ%eg&%g%eg : Iﬁg}f ﬁlg@Sh 6\2/68 g%/f?%e%ngﬁ%ﬂg]?e at
| east onanvationmay beregbndied i meny diffeppatifodmb asdshonid dd1de wensylied af limheal

asphalt. (I n, certai.n enbodj ts,. the cationi rganosilica onpound in the
onposi 118 EnREefiE A PR et oot dheP SroRg G 6 RS ded © [l s
a) RZN+R3RARESureywill asiblyRpplitadRt B3R 4equiRkments. As used in the specification, and in

(197> I 14

the appended claims, the singular forms “a”, “an”, “the”, include plural referents unless the

15 context clearly dictates otherwise.

Asphalts are customarily used in paving constructions as a glue or binder for
aggregate particles. That is, the asphalt is used to coat and bind aggregate particles
together. These thermoplastic-like materials which soften when heated and harden upon
cooling also exhibit viscoelastic properties (e.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 nitrogeﬁ;
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



K A and Y3_aSi (R a) R2ZX-; or m xtures thereof, wherein in each fornula

Y i s independently selected froma group consisting of OR O(CH2CH20) nH, 25
( CH3COCH2 GMRp10/a8ab1 ( CH3CH2OCH2C/ 120) ; a has a val ue sel ecran2dop/orm7® 1 or
2; nis any value selected from1l to 10; Ris Cl1-C4 alkyl; RL is either
methyl or ethyl; 30 R2 is - C4 alkylene group; R3, R4 and R5 are each

i ndependently selected froma group consisting of C1 - C22 al kyl wherein
at | east one such group has nore than 8 C atons, -CH2C6H5, -CH2CH2OH, -
CH20H and - (CH2) yNHC(0) R6 wherein y has a value of from2 to 10 and R6 is a
C1l - Cl12 perfluoroal kyl radical; 5X is chloride, bromde, fluoride,

i odi de, a®eidet @aiisfactars bappaaing pZV1h§ cBMbb8liionsUip donfhpMied Q8 Wein g dsefdpN*.
In one preferred enb% ment, the cationic or%anom | icon conmpound is of the
formul a: Y8VR&ERESS REIRRAYS)A Wil Topes dipRng wtle@aﬂu?wwa from psslow as

i ndependenloy 46 ah@c iR ¢hef I f
( CH3OCH2CH20) , and (dﬁ’séﬁ%@%‘g{aﬁyﬁﬁgqﬁégég‘%& uzg $ c,g?g%from SO o

nis any wahaks. Seaness videly wsad payinasphaR aCsOI@ingOa faﬂio;iimenﬂmﬁ the @letshﬁr

et hyl 50r u?JeHMJ)n é?i%ra'llg h%ve! eH)en%af%A( é’t 2%560 86%F3 @O%m&%g‘qg?%;() 7Qigér ein

i ndependent|y sefecte group con5|
at | east ©on&0<406 kingn)o lip presisredomebddiamts hﬁwat/ﬁ;rﬂae asPidGRihins SRR Hn - 20

CH2CH and CH&%% &g(f R6 wherein y has a value of from2 to 10 and R6 is a
C1 - C12%pélf 1"0P% radical; and X is chloride, bromide, fluoride,

i odi de, ac E‘t at & edrtai0eMbedients bf @lﬁ'@ﬁl‘@ﬁnt SRRRSIITRY aspRdt cdinthige bRLLAWM NI

conpounds:
natural asphalt, oil residue of paving grade, plastic residue from coal tar distillation,

10 petroleum pitch and coal tar.

Adhesion promoters are additives or modifiers used to improve the adhesion (e.g.,
resistance to stripping) to aggregates. The adhesion promoters according to the present
invention are cationic organosilicon compounds according to the following formulae:
Y3,SiRDRNRIRRX,

15 Y SiRLRPRIRRX, and
Y3,8i(R')R?*ZX; or mixtures thereof,
wherein in each formula
Y is independently selected from a group consisting of OR, O(CH,CH,O)H,
(CH30CH,CH,0), and (CH;CH,OCH,CH,0);

20 ahas a value selected from 0, 1 or 2;
nisavalue from1to 10 (e.g., 1,2, 3,4,5,6,7,8,9, 10);

R is C1-C4 alkyl,
R! is either methyl or ethyl;
R?is 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¢H;s, -CH,CH,OH, -
CH,OH and (CH,)yNHC(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

30  Zis pyridinium ring of formula CsHsN".



Y3.aSi (R 1 a) RRN+R3RAR5X- , 25 Y3-aSi (R a) RRP+R3R4R5X-, and

Y3_aSi (R a) R2ZX-; or mxtures thereof, is a C4 al kyl ene group. In yet

anot her ewbadiomgszsl t he cationi c organosilicon conpoundPCH/INZ®/C@TROSI ti on
is at |least one selected from3-(trinethoxysilyl)propyldi nmethyl octadecyl 30
ammoni um chl ori de, 3-(trinmethoxysilyl)propyl nmethyl di decyl amoni um
chloride, 3- WD 2010/073261PCT/ 1N2009/ 000712

(trimethoxysilyppropyl di met hyl hexadecyl ammoni um chl ori de, and

3-[ D met hoxy(2- hydroxyet hoxy)silyl]propyl octadecyl di met hyl amoni um

chl ori de. The cationic organosilicon conpounds are present in the
surfaci ng conpdsdgtegeiss (& guipemk pdggidga@ndaras pbratet paitivelatd moeqrdsidsednis) i n
an anount feclive. substantially 5.increase the, amount, of asphalt

ret ai ned ()C(:(?L%tﬁl(eé{lgéngglrn t%%‘%%“é- %angmg aé'giéscrg °dr St Rt S128; Asrarls o‘f‘f’nf‘geéel’ or
descri bed migtupey. therzof) evitfend] , fillehe arnmlsd ag@legstas wbthCtypicgay @dlhdeC@slomagpound
necessary to.substa tci al ly increase_ the {_et ai ned asphalt coating the

aggr egat e,gr"’élétﬁﬁ,“vﬁip? goshied el serdstane, limsstery, bawit ang ot iporganiapienss 0. 001
parts 50 3RHH cad RAHES tBYhQs@Rt per 100 parts of asphalt. Preferably, the
cationic organosilicon conpounds are 10 present in anmpunts ranging from
about 0.05 to dheuparicularpagaresass, wen@hsmgeac.lcmseqom tfornof thaspephilt-mineral  The
cationic 1] 0 e introduced into,the surfacin
Conposi t i g?fgﬁ %ggé(léds &?ﬁgqgg%ﬁgp{t%%nﬁpg%pﬁgl %rltlr%gfrjlgsr ne Bnihsy ave g c%lon%a
vari ety ofgrovgy sr chactivegiteh@. gyesilaficggroups) v dreasaffacefbat witllHoad G6th théigilamalsi oni ¢

organosilico 0 unds n 15.added to nolten asphalt or an asphalt
emul si on &5° edg’ﬁggg?"%@& O@%&%‘%?ﬁkﬁy FO8" xi ng with the aggregate. |f

desired for sofieoheassmdt, thireaht BRI SRMASE AR GRPIGMBES t1RARRDe
applied or coated on the _surfaces of aggregat es prior to mxing the asphalt

and aggr e§atiesontapvarstyof segrgeatesie badithamitesctheganorialticemposiipnsgpridingan be
added t0 g BiSodlintRd FWPHBLdnt W eRAH BkHIbR InBRNERL IS n
addition to the above msnﬁ%oned iengr edi enlts,ﬁ]g) nun%ee?@gftg%%@rg%ngftﬁ&al S
can be pr ésgagatapetichisngThy serthaignamithodi thenasphadf compogitiasentcdrdugnbi on.
These can j . r ipch affect.the physic roperties of the
fimi shed SPpAREssTRA e ML Eklite Sl R BRI L A Gt

typi chf | y ekmsarcuseichrhasiompn onaeerrie Significagtl iidkaséd Gue toC RPASHHH@ASH ahd Whi ch
are conpatible with the ,ﬁati o%%ﬁg%ganosi | i con conmpound can be 25 added to
t he corrpog"i‘tiqn_tfrfgmﬁ&‘i%ﬂnﬂ?l o Grertes ‘i?ferl%ﬁ‘?élr‘&ﬁ“éqs‘?fﬁ]f‘? PiRGEAIVERFiON. I n
case of enul sifd eeasREAbEI e GHIhaRSCoRIPoSBbSs ifcfideCH GspRhle Q) 1?‘(9[?' C,
cold m xes can be prepared by bl endi ng with fine aggregates, usefu or
slurry se8i001 4o dr & Bymicigit 9§ at deast onpeationis ergengsilicon coapenehbassdemetheat i on
and repai s; SES nel [ O s ill.con conpound | ded to
The eml st b B unc Ao b o R O SRTRE S oh™
conpal bi Fomythe follomimp®edulactdi ti ves with the cationic organosilicon
conpounds rdb odi rents of the present invention, is

strai ghtfgﬁi?%ﬁga)&]gg%i{s@?ﬁg?conduct ed. For instance, snmall sanples can be
prepared FREiIRHREPRRIR N inAlUM enul si on stability for 12 to 24 hours. In
anot her aspe he_present invention provides a water-based asphalt
conposi ti %graé@ﬂ 4 Aymauesiiesosn conpri si ng asphal t di spersed in water
and from QneRk hQach Mrdhavwei ght of at | east one cationic organo silicon
conmpound on the weight of the asphalt. In preferred enbodi nents, the
cati ol ¢ &r ganidepandenilyc srisetadid fiom se| mourdednsisting hef PRUPEFREFRONEY of :

¥3_aSi (R e )o&1, e 83 RS, e,0cH,cH,0);

a has a value selected from 0, 1 or 2;
n can have any value from 1 to 10;
R is C1-C4 alkyl;

30  R!is either methyl or ethyl;



10 Y3_aSi (R a) RRP+R3R4R5X", Y3_aSi (Rla) R2zZzX-; and m xtures thereof, wherein
in each formula Y is independently selected froma group consisting of OR
0( CH2CH20YO2010/076348OCH2CH20) , and ( CH3CH2OCH2CH20) ; 15aPRAANZOYHNGE
selected fromO, 1 or 2; nis avalue from1l to 10; Ris a d-C4 alkyl; Ri
is either methyl or ethyl; R2is a G- C4 al kylene group; 20 R3, R4 and R5
are each independently selected froma group consisting of C1 - C22 al kyl
wherein at | east one such group has nore than 8 C-atons, -CH2C6HS5,
-Cl12CH20H, - CH2CH and - (CH2) yNHC(0) R6 wherein y has a value of from2 to
10 and R6 is a C1 - -Cl12 perfluoroal kyl radical; - _ X is chloride,

broni de, Rfisa?l-d& alkydehedgoumcetate or tosylate; and 25 Z is pyridinium.ring

of formul I n certaipn enbodi ments, the water-based asphalt
Conposi tig?tggcad’hhésp?rﬁfﬁg} fnde g?)“t&nst?p%ﬁg 53R AcHOMRFSHBRRE £ 1c 624 ildnt s.
Sui tabl e @hgen & Bk \RRscH Restpthdar @b @bk X Godttorﬂ@g@ﬁzﬁgks\: _cipepiofihe

stability of the cationic or(D]ﬁ(aposi | i con compounds in the conpasi tion.
Sui t abl e SHROERE CGH DR QIR y whersinuy Bas pyelue o fieor 2 ted@9sdR’liyalGlni t ed

to, a|§0h@h§p§9ﬁ€lfogﬁ(?fﬁbilcyl.glyCOl s), ketones, ester based solvents and

pol ar acetate solvents. ’ Exanpl es of al cohol s i nclude nethanol,

et hanol , Xssgtopda bionzide fiyptideliatide reatpt estosflag] ateiol s t hat can be used

accordi ng t. 2rtain.e Len +the present invention include, but are
Z P AR

not limte opyl ene gl ycol, ether alcohols such as
et hyl ene gl ycaln,otkdrieydbedieneptsy el aspiiosintpokitichRecludd Gost Ol €08 o8l HIRm
nonobut yl #he%d' 5 di,glll%rl et I}fﬂrs of ethylene, ethyl ene glycol nonget hyl

et her, et‘?1§ Eh% Jy ke BhtnBnBem 2 tor e by Weighy pEaidewsit grosatinis argancsilisen

et hyl@ne @nedhd MR &nhyle Gleligk SCRlALSHhaR NYh eRR g{m%gﬁﬁhepﬂnﬁﬁgeg%%aﬁt her
acetate, propylene glycol nonoethyl ether, and propylene glyco Ibut yl

et her; t hemRsfgionsglude raey 0&2te (0s! % foydi eghtydfet deagl grontationichorganodilieomy| ene
gl ycol no i ol dibutyl ether, diethylene glycol
di et hyl e%%g%opﬂgh%kqggi’thee%éjpkenr?g%%%fggﬁcrmnobutyI et her acetate.

Exanpl es of kednomethet bgtect 2ie presans énveatiaoprhividgs tag plidltamntheerodiposiibs of

t he present, h.rrllvent i.on .i ncl ude, bg}% ar e not .li.mted tqQ, acetone,

acet ophendHEMNE ft WK 288(ertsh asRRalintnd acatjenic §’6§ﬁn8ﬁﬁ?°rk‘é?lﬁli’fé{ndd?h8%? one,

i SOpHGT ongnbodirhéit] the SeapGstonkBEIRAG, 100BRAY by WSRBE OPY hiresd] (aggpegﬂ@tam/k & hyl
ket one, nethyl anyl ketone, and 3-pentanone. 1 Exgn’gl es of ester based
©

sol vent s Zheerkcr seieht of genbel comptisiagitare 098 dtoat Sobyivwrightfcasrleast ane

enbodi ne 3 Nt t i pelude re . n j.m:te
benzyl bggr?gglg% e{)&gﬁ%}ﬁﬁgcgﬂé \él?lan%ipﬁg}l 5I‘[gctgtg a?g%éﬂ{etogyﬁwagg&ﬂgh'e,Ikng%iagnpy
acet at e, drshodirpszits, dgetaiveic irgommjicomcahpiwmd ih Sopeomdsitands atlected fronit /|
acet at e, é’erﬁﬁp,%gn\gsﬁace,ate, anyl acetate, sec-butyl acetate, tert-butyl
acet at e, y acetale, et hyl acetoacetate, nethyl acetate propyl acetate,
20 ethyl eviaSHRYSRIN'BIRtRINT hyl et her acetate and et hyl ene gl ycol nonoet hyl
ether acetate,.,2.+.3 e _present invention also provides a water-based
asphal t-ﬁﬁéf(gla)%gnﬁcﬁsi%t?(@ﬁn ncl udi ng an enul si on conpri sing asphalt
di sper sedyd Bi(RAHRIZX 2dr hiRAsds tREEof1 Neral aggregate, and from 0.001 to 5% by
wei ght of at _| east one cationic organosilieon conpound on the weight of the
asphal t . Vilew®ivipgaddfosmyaal t - ni neral conpositions 25 according to certain
enbodi nmeng s;of; e J |,0 Opt. |lyca i ne or
nore of P%elsprnéé/ gllljs §§d?ésl%dﬁésh\s/gfg5d6rga%?c{:bp sof){\l/sgér%?lg. %ifn pr’e@?bggl%&“ﬁ’
enmbodd me(CEH;0CHeCHaM), and (CHyROGHAH:0R conpound is sel ected fromthe group
consi sting of: lYB'%Si %&l(a%}%z \ 14R3R4R5X" , Y3_aS i (R | a) RRP+R3R4AR5K, 30 -
Y3, Si (Ri &) B2IX* e SHECHRT ¥PWr%d X hereof, wherein in each formul a

n is any value selected from 1 to 10;

R is C1-C4 alkyl;
R! is either methyl or ethyl;
30  R?is Cl- C4 alkylene group;



Y is independently selected froma group consisting of OR 0O(CH2CH20)"H,
(CH3OCH2CH20) , and (CH3CH20CH2C1120); a has a value selected fromO, 1 or
2; 5n iswowvalugsfenom 1 to 10; Ris a A-C4 al kyl; Rl ieceintes/omeihyl or
ethyl; RRis a - C4 alkylene group; R3, R4 and R5 are each independently
selected froma group consisting of C 1- C22 al kyl 10 wherein at |east one
such group has nore than 8 G atons, -CH2C6H5, -CH2CH2OH, - CH2OH and
--(CH2) yNHC(0) R6 wherein y has a value of from2 to 10 and R6 is a O - Cl12
perfluoroal kyl radical; X is chloride, brom de, fluoride, iodide, acetate
or tosylate; and Z is pyridiniumring of fornula CoSHSN+. 15The wat er - based
asphal t eryRSiaad R’ are 04dhi iGegeRd@) tsalette® TOA kL ScoBfistitdeoPCESEN allkpvent i on
conprise droplets or sheared particles of asphalt dispersed within water.
Typi cal | yvhergi aidppshrpe jsuchygionp diah appte thap §i Gpomse dCHHEs, WHICH#YELai d of
known Chemisl «d b gQHEOR OvherBl Risld &l of A0S @1 ff ahPROS aghhal t
emul si ons accordi ng to enbodi nents of the present 1nvention can be provided
by shear i®ig nepfluaspaligdphdital; i nto fine 20 droplets in a high shear system
such as 0 ' mll o5 Th alt.can be hrought into intimte contact
Wi th g cralxe?ﬁ%gqq{dg’?%gﬂ“#ezPH%“%O?bﬁlf#bﬁcegg%%rrta?yﬁ%e’ta gen‘oodi nents of the :
present i AveptridimiumWperofdosataCgsNTomthe mll, the enul sion conprises
water with fine particles of hal t, di sper-Sed therein. Exenplar

emul sifiers wﬁf‘c Bl %ﬁu%ﬁoﬁ%@taﬂﬁ]QF?Q%PégaHE?E‘E‘E‘nﬁO’PEQ‘@.d, 1528%{ the

enul si ongpmaggor di ng to enbodi nents of the present invention include, but
are not lLimted t cta-decyl amne, tallow am ne, sodiumlauryl sul phate,
al kyl phéﬁ@ﬁl@g?%zivﬁgg@xsuch as nonyl phenol, octyl phenol condensates of
et hyligne i dgin Ach @S5 dulg to certain embodi ments, such emulsifiers (10 to
20 nol es) can be used I n preparing enul sions according to enbodi nents of

t he preséhtisi ndependsntly osgleatad dfeora st ghiup epmdigingn of | ORg e (@HFCH,0),H,

enbodi e , Sifi ion can range fromO0.2-2.0 %on the
wei ght ~OR&¥S{?%QF§%§6 sf‘%ént@fﬁﬁfﬁ'?z@%%g@’o % or fromO0.2-0.5 %on the weight

of the fiatakaealukséledted from 0, 18rew benefits realized by utilizing

wat er - based asphal t errulfsi ons according to enbodi nents of the present

i nvent i ot 1§ ARY YAYR® sstactedifoim L&di®rol by eliminating the 5 evaporation of
typi gl | r yeaded guypack” naterials (e.g., kerosene and gas oil funes),
enhanced safety beCcause the conpositions are not flammble or expl osive,
and ease Fofis ¢ither megyl phethelnce, wat er - based asphalt enul sions according to
enbodi e ) invention can sinply be sprayed onto a surface
for trea{i‘izrr?ssn?i o?ﬁlﬁlgﬁgﬁég{%ﬁ ectly froma drum by pouring or spreadi ng by
hand or ®R3pR* rd B’ arsstrelichdependeafly kalpcted foinhe prop onditngeoflO]l 1t gyl si ons
are wat er-based, .t he agqgregates do not need to be dry for application.

In cert aiwﬁ‘eéeﬁ’i‘)(?tiil‘?‘?étn?%e, g‘f‘ﬁegfa%ﬁa? e et (lc'?)tﬁf?és fcfli%f&?glsﬂi i I%QPH_Q,H, HMA ( Hot
M x Aephmnzbmpncﬁﬂgﬂfﬁoﬁmﬂt@mﬁwud s QARG ATR DL 19f arddRE R £E¢01
invention are jdeal for use as an asphalt nenbrane, for roofing shingles,
or as und&érpsifieradkyl padisabi@denbodi ments are ideal for use as a "cap sheet”
and/ or ax RIERHEALERIMId md% L6is” surface exposed to the

envi ronrrent\whgr gas "base s e’glt gidgharcgaﬁeg%rjt?smggeﬁded to be exposed to the

el enents of  t heammther embrdintent, B4 Bledelieviog cahpogides are typical |y applied

over the<t o of 3 S. Underl aynments, which are typically reinforced
with fi br%@@ggé)l?ggr? %ﬁgr%i e), but can al so have no reinforcing material,
are #re Yhy$i(RAYR’p+REER MNdad shi ngl es. 201 n such embodi ments, the
conposition, .can._gptionally include various polyneric and/or non-polyneric
addi ti veﬁrﬁgﬁ%%wwa re5 theteffoyed in such applications. For instance, a
few pol yi®s e4 e@pREL}ugsed to modi fy asphalt include anmorphous or atactic
pol ypropyl ene (APP), - anorphous pol yal phaol efin- (APAQ), thernoplastic

pol yol ef i n ( TRO)yet s exathere embpdidicnh e thet yoatieric ( @@S)osilicon compound in the
styrene- - i - st B . synptheti ¢ .ruhber o t her
asphal 11 TR AP LR SR KIENE, ok Sl o S pr e e

i nco3(or ahhonivei  dlaidenoiitinetlmxisityd)ptdpelmachyldidecydi gen®niuis oMdrikkpl 2
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 wi th conpositign according to one or nore 30
enbodi nents of the present invention. The core is typically a reinforcing
carrier or




pol ymer fibre-reinforced mat nade of non-woven, woven fabrics, or a

conbi nation of both as reinforcenent. These mats can be nmade from i norganic
fibres |iwegloass26or organi c polynmers |ike polyester, nyconN2gobgaret hane,
pol ypropyl ene, etc., or a conbination of both inorganic and organic

pol yners. 5Asphalt menbranes according to enbodi nents of the present

i nvention, 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
asphalt content is above 50% (e.g., 50-100% or 50-90% or 50-70%. In
certain erfbociteysisyDpréryldisphialtexsionygo sitnaiuh s chlbtde 6036 §-€Dineth®G(Z00%

or 60-90% or 60- 10. 709 70% .0. ., /0-100% 70-90% or 70-80), 80%
(e.g., 8o?higrﬁ%&%?"ygﬁl-yéﬁﬁg"?lc’(‘}?ad/‘éféff)i‘)‘%s%l. ?m@em}}é’o&%}d%%- 959 . In yet
anot her aspect Tht @tigie $egHnosiNYENEdnPbuBA Vel BRsdht ik ARE SEAcRLCorkUdRRAI L1 0N
t hat can ge di llgltaﬁd out by addition of water or another desirable solvent

(e.g., or§ahiés VAt aSPhalk@lﬁé%ictO@@WiﬁPW) JneneHBRE piiaetive; Resubgtariéadint r at e
CONPOSH i GirdaBE |t GSncRint Bt CRPMAN taiREDOBA O %g[g?éﬁ'ateﬁso menad Aeroding. to the
present invention in water. 1n such enbodi nerits,” the cationic organosilicon
conpound immexsgsine 4¢sk ydegerérednbelpworin apamgtal,0 il atouab ofit caioficYomgenagiliconl n

ot her enbqgli S e j.nvention. provi.des a,"concentrate”
conpositig%hﬁaV|6565?%W§é§?8%%ghg¥ffgﬁﬁ ‘6%6%ﬂ8§f#?8%ﬁ8°%6ﬁﬁ%ﬁﬁa@Fﬁﬂ%ne or
nor e or gasind, sal eentfer the efrgpaty ystsahgst fesin fabewn 0.081 paevicoavly 5 rp@f*t@'b?nCEd
sol vents. Mo r rably, the. 2 organic solvent is ethylene glycol. In
ot her enbIATH ﬁg&fﬂ)& Rarts o8 r‘?égl?‘ﬁltr g’fﬁéﬂfﬂ%’é{nﬂﬁs FatoBif Preenerisen fompelads gike

cati ondc preg@n 98 bhoGAH SarpEPROAGbbIE (20T HoXdHaLE0 0 §rats by W3t BEE1® parts of
l'iquid-liquid dispersion) of water and one or nore ofganic sol vents.
BeneficiaPﬂV@L'concentrate" conpositions aCcording to enbodi nents of the
present inventirRD GaAMhiPCBSRRAN K ' ;s r red

wi thout requiring a Iérg%EZS h%bgﬁﬁb Sgﬁ%hg&gﬁk%%gg@g&ghgﬁggégc%ha&g e"
conposi t i eempasiionbde.gi,|the @sphaltt dndwaplealt-mireral ecoamokitiongtint heardidty®f ofays
applicatign.if.so desired, Di Lon rati,os f.or. a "concentrate" co sition
to water ?%%Agotp % emrang%fst\%enrthefegk Egg]éinfstélﬂﬁe’ E‘%?nca{l‘&‘?fﬁ 8r3ap8§+ﬁ?“p°§mp°“’&‘§rfgg?f?r ate"
conpoks t i addeti @ Afoltepasphalt vt bsphlk e RIBnlasRAFrblerre® Retdd o o MikdRith 150,
100, 75, gg, 25, or gg parts water (or other suitable solvent dependi ng on
the i nt entfepegeefte [indssied 8oy somer wasoad thengganiseaiganosiligon sempamds gar be
CONPOSi t i p1EABPESRESorithelsBARes OPGads at Ao 135645/ 000712
or ganosi | fq?oln (;orrpoun%l [ (elset hyfeneg%?é;lco{ﬂr ﬁyﬁlﬁé%fhg,agﬁﬁé asgglaégggg%[m ent

of this efioapiedy, thengetirric engaabsliton35ompouralsocin $5%dded for enp@boixed 40% t 0
about 50% o : ca£onposition can be diluted with water (for
exanpl e) %%lggggﬁggﬁgﬂﬁ%ﬁ%ﬁgﬂg%bﬁ%g§$?§bn that can be used according to
enbodithent s of Int diditjpnes éint abionwy erhiiared ibgrEXKAMELEMnItD bf Ofhe ADRIIALTEASGREGATE
ADHESI ON Procedur e . for Sagg]e Preparati gn, and Water | mersion Testing
(Strippi NYERE iag‘ioéﬂlé‘%)mﬁ 2R fBO S (o RESHREr BVEIOPalberepipiningivly 3- 5
parts of aseHalktwhich hfOthkOpiBRIchS pRhedEY B AR Firdhed MFac bdiBbositRaMX| N,
both the asphalt and aggregate or sand were heated to 165C. The m xture was
cured forgensraki #ut é@dl‘aYeS_lVS h Tage |tyipaly bera piedster impseves taselting urfeeingl es
wer e c00l @ Rkoblasl FURKRL EShubinft WAk Ble CHIURLrBholifby ol RLY no"

i ersion conditions were investigated. These inc ude & shor exposure to
80C vt eraddedtn thacompositians aceuading i eubodiments ofithd prasagdnveasipmsur es at 40C

(1, 2 and 5 days).. - asphalt coating remai.ni ng on t.he

aggr egat e at ?érr%arg%;g?%ﬁ%g%f?ﬁlés%&/%l{se\)rvﬁﬁc%?gbleoaﬁncfng%tc croég’(?a'l\)/’?lg’u%ﬂlﬁly on a
scal e of MixtORYh teaprepaysd b Wealdny BHhAinetgntdatnr, aberalsphRaldrPBeal, Nicro

aggr egat eségf.t er the imrersion test are considered poor/failed. In the

fol | owi ng™ERERP 82! Caping,sice Jon, PRVRFILET GREValeN @ad repays e ik serhotases: vibge.
Embodi mendasiosit o?éh%oﬁﬁ@(ﬁled&nﬂgﬁﬂ@ﬁ?a}i@éﬂ Withé etﬂﬁl‘é{olﬂg)rfok Habidd Gh Qé[%ré\gz{t&' ng 20

¢
exanmp] es, which are intended to illustrate I nproved propefties I zed by
enbodidrenthe testingef the sempatibilits mifi mopesad adhisives witht theecationis targewsidison npl i ng
any limtations on the scope of the present invention. EXAVPLE-I
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Pavi ng grade asphalt (60/70 penetration at 25C) sanples were prepared to
contain 25 from0.0%to 0.1% by wei ght of 3-[Di nethoxy(2-hydroxyethoxy)
silyl] pronpgl2ooveEemsseyl di net hyl ammoni um chl ori de (42% solpamiiszop/noogthyl ene
glycol). 5 parts of these conmpounded asphalt conpositions were mxed with
100 parts lgneous aggregates. The m xtures were cured for 15 m nutes at
135C and then allowed to cool to roomtenperature. Water imrersion tests
(at 40C for 24 hours) were conducted. The 30results are shown in Table 1.
WO 2010/ 073261PCT/ 1 N2009/ 000712 Table 1 % Cati oni ¢ organosilicon conpound 0
0.02 0.04 0.06 0.08 0.1 Adhesion% after 24 hours 92 96 98 98.5 99 99 The

resul ts shaostdyNbédobding té RRbONERRtofOMe prasNalbntivnt O biaiddebrivhidand
EXAMPLE- 2 5Pa?\;)|ﬁg %5 ade athaI t (60/70, penetration at 25C) sanples were
pr epar ed PYCHREESHA- 0 Fovaysiange Sn%i‘“c%ﬁ*?]ﬁélca’(}\nb(e Preraredatndotpied dorgaHBErM con

conpound)enfidorDst A3 ey TYr Y@{o%tho@;s - [ Di met hoxy(2-

hydr oxyet hoxy) si | yl i propyl oct adecyl di met hyl ammoni um chl ori de (42% sol ution
in et hyI ene glly ewsither agpest thesprofent gél%@ﬁ@@mwe\datalsmw aspbaltrpaspdsitms wer e

xedgn g8 TR ML Bes P RIS LA REY

i mer si orwdighs bf atiedase onocutiivaic @dgaabsildha cfompoimd/&n dﬁW&lghThetHeQSpﬁaltS are given

in the Table %n preferred embodiments, the cationic organosilicon compound is selected from
the group consisting of:

Y3.SiRORN'RR'R’X,
10 Y3.SiRLORPPRRRX,
Y3..Si(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;0CH,CH,0), and (CH3CH,OCH,CH,0);

15  ahasavalue selected from 0, 1 or 2;

nis a value from 1 to 10;

R is a C1-C4 alkyl,

R! s either methyl or ethyl;
R*isaCl-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, -CH,C¢Hs, -CH,CH,OH, -
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

25  Zispyridinium 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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Table 2 Days 1 2 3 4 Adhesion%control (i.e.,no organosilicon) 92 90 87 85
85 Adhesion %w th Cationic organosilcion conpound 99 98 98 98 98 Adhesion
per cent ageoratwaTgsibel ow 95 % after the i mersion test aceasmosh@ered 15
poor/failed. As shown in Table 2, the conposition including 0.08% by wei ght
of 3- [ D methoxy(2- hydroxyethoxy)silyl]propyl octadecyl di met hyl anmoni um
chloride (42% solution in ethylene glycol) showed superior adhesion to the
aggregates for all 5 days. Thus, these results clearly indicate significant
i nprovenent of asphalt adhesion to aggregates due to the addition of the
cationic organosilicon conpound. 20 EXAWVPLE-3

Examples of alcohols include methanol, ethanol, isopropanol and gylcols; examples

of glycols that can be used according to certain embodiments of the present invention
include, but are not limited to, ethylene glycol, propylene glycol, ether alcohols such as
ethylene glycol, ethylene glycol monoethyl ether and ethylene glycol monobutyl ether;
5  dialkyl ethers of ethylene, ethylene glycolmonoethyl ether, ethylene glycol monobutyl
ether, ethylene glycol dibutyl ether, ethylene glycol monoethyl ether acetate, ethylene
glycol monohexyl ether acetate, propylene glycol monoethyl ether, and propylene glycol
dibutyl ether; the mono- and dialkylethers of diethylene glycol such as diethylene glycol
monoethyl ether, diethylene glycol dibutyl ether, diethylene glycol diethyl ether, and

10  diethylene glycol monobutyl ether acetate.

Examples of ketones that can be used according to certain embodiments of the
present invention include, but are not limited to, acetone, acetophenone, butanone,
cyclohexanone, ethyl isopropyl ketone, diacetone, isophorone, methyl isobutyl ketone,
methyl isopropyl 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 limited 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 monoethyl 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:

Y3.8iR1I)R*N'RRR’X,

Y3.Si(RRPPTRPRRX,

30 Y3_aSi(Rla)RZZX'; and mixtures thereof,
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Pavi ng grade asphalt (60/70 penetration at 25C) sanples were prepared to
contain 0.0 % (i.e., a control with no cationic organosilicon conpound) and
0. 08% by wei2gtwo7ed613- [ Tri met hoxysi |l yl ] propyl oct adecyl dipa@tiNgdos/asomeni um
chloride (42% solution in nethanol). 5 parts of these conpounded asphalt
conpositions were mxed with 100 parts 5 i gneous aggregates. The m xtures
were cured for 15 mnutes at 135C and then allowed to cool to room
tenperature after which water imersion tests were made at 40C for three
days. The results are shown in Table 3. Table 3 Hours _ 24 48 72

Adhesi on%ontrol (i.e., noorganosilicon conpound) 92 90 87 Adhesion%w th
Cat i oni coylgasiash tdcB@mad N ound 99 98 98 10 Again, adhesion percentage
ratings hel ow 95 % after the jmersion test are considered (goor/fai | ed.

EXAMPLE- 4Y 1s indepgrdeRty gpedertedadlimml & guow7copdtivgr &fi OR. aP(CEEHA D es
ver e prepatgdcocany, ahd( G ondcy,88% (i.e., a control with no cationic
organosi l'i con conpound) %y weight “of "3~ 15

[ Di met hoxatas ahvglie sgaechism)Os L oy ] pr opyl oct adecyl di met hyl anmoni um chl ori de

(42% gol yt. i h glycol). 5 parts of these conpounded asphalt
corrpo?i tﬁlolﬁgqf\%/iélrgeﬁ%&rﬁ zlé)gfb\?vith 100 parts I gneous aggregates. The m xtures
wer e cur RlisfaoC1-C8 atkiyhut es at 135C and then allowed to cool to room

t enper at yy,e. .The water igr‘qe_ rsion tests were conducted at 80C for 24 hours.
20The reg{nlfglﬁéeﬁgv&ﬁﬁf%t%retenti on of asphalt coating over the aggregates

surface iR¥isa Cl-C4 alkylene group;
R? R* and R’ are each independently selected from a group consisting of C1- C22 alkyl
10 wherein at least one such group has more than 8 C-atoms, -CH,C¢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
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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the case of asphalt including the cationic organosilicon conpound conpared
to less than 85 % on the controlled sanple (i.e., asphalt not including a
cat i oni c wogaragsisicon conpound). EXAMPLE-5 Pav iPng/I§rmgleccasphal t
(60/ 70 penetration at 25C) sanples were prepared to contain 0.0 % (i.e., a
control with no cationic organosilicon conpound) and 0.08% by wei ght of 3-
[ Di net hoxy( 2- hydr oxyet hoxy) sil yl } propyl - oct adecyl di net hyl ammoni um chl ori de
(42% solution in ethylene glycol). 3 parts of these conpounded asphalt
conpositions were 5 mxed with 100 parts |gneous aggregates. The aggregates
were previously graded such that 100% passed a 20-nm st andard si eve and

100% wer Q:n{beﬂﬂlhdﬂ&d ﬂﬁrbnﬁﬂslﬁ&‘-cﬁﬁkéiﬁraﬁﬁﬁct’aﬂ ran@\VEom 01262 00K bl fiRSvelghtf Gualed f or
15 m nutes | 35C 6\30%éhen Ioa/\z_g to cool to roomtenperature. The water

i mrer si orf™ ‘?nsorv%cfné J’btoé & Por the yeighbgidhe fingd eppdsitn-s are gi ven
in Table 4. 10\ TaPhendits FaYiSedlby uBliding WHOESEQD asﬁhgl? @r{u‘i’élor(s' ac@ordlr@oto

organosi | i con conpound) 9270 60" <60 <60 Adhesion %wth tionic
or ganosi |smbeginesstep f rihe 99eggt d8vegtion gnclpdmipellutiath ssiton] b}er@mmndgg theet i ngs

e oSS kil U RS SLEP 58 BN 6 S RRRL IR Sy RIS ¢,
to enhanced safety because the compositions are not flammable or explosive, and ease of use.
For instance, water-based asphalt emulsions according to embodiments of the present
invention can simply be sprayed onto a surface for treatment or handled directly from a
drum by pouring or spreading by hand or tool (e.g., shovel or baffle). Furthermore, since

10 the emulsions are water-based, the aggregates do not need to be dry for application.

In certain embodiments, the asphalt-mineral compositions in either HMA (Hot Mix
Asphalt) or emulsion form according to embodiments of the present invention are ideal for
use as an asphalt membrane, for roofing shingles, or as underlayments. Various
embodiments are ideal for use as a “cap sheet” and/or a “base sheet”. “Cap sheets” have

15  one surface exposed to the environment whereas “base sheets” are not intended to be

exposed to the elements of the environment. Cap sheets or shingles are typically applied
over the top of base sheets. Underlayments, which are typically reinforced with fibreglass
(for example), but can also have no reinforcing material, are more typically used under
shingles.

20 In such embodiments, the composition can optionally include various polymeric
and/or non-polymeric additives that are typically employed in such applications. For
instance, a few polymers commonly used to modify asphalt include amorphous or atactic
polypropylene (APP),” amorphous polyalphaolefin® (APAO), thermoplastic polyolefin
(TPO), styrene-butadiene-styrene (SBS), styrene-ethylene-butadiene-styrene (SEBS),
25  synthetic rubber or other asphaltic modifiers that enhance the properties of asphalt. The

incorporation of such modifiers into the asphalt widens its workable temperature range for

roofing applications and results in improved mechanical and viscoelastic properties.
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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contain 0.0 % (i.e., a control with no cationic organosilicon conpound) and
0. 08% by wei ght of

3- [ D net e(Ry/digsn oxyet hoxy) si |l yl ] propyl oct adecyl di met rgir/msemognéoam
chloride (42% solution in ethylene glycol). 5 parts of these conpounded
asphalt conpositions were mxed with 100 parts poor quality aggregates
(these aggregates were 20 not suitable for typical asphalt-concrete m xture
because their water absorption was over 2% . The m xtures were cured for 15
m nutes at 135C and then allowed to cool to roomtenperature. The water

i mersion tests were conducted at 40C for 24 hours. The results
showed ttmyrmaté‘rbregﬁeh%m@hat inadoaf hdgwoesipivoech fabridser aggnsigaion cfbofbace in
t he case of asphalt | udi n t he catjopi c organosilicon conpound conpared
o 26 T od8 TEREToaEny, DESHAES CULDF TP TeHeTERAE oo BHERob S BBEFE on

that di d ga@mdroGk 1 t@ 1, 98]yﬁre‘ﬂ{aﬂé%lﬁir$ﬂy¢&@ &€, nppymnbmﬁ%&ﬁl\d?beﬁﬂ

A paV| ng grade as 6 70 penetration at 25C} sanpl es were prepared to
contain Gn@g%lfﬁn Orgalaceelmnetﬂ with no cationic organosilicon conpound) and

0. 08%xsby wei ghis i |
3-[Di rret hoxy( 2 R clr%lglfllg’t[ 8Sx'§lccgrldl“§ﬁ t]ope%][l (:13389 megctzstoaf b ‘ife%F“t lntvﬁmllon H{%erabl?h 5

chl ori de e@ihib%asdﬁsu'ablo nlegmee of Iaty¢tehwénlgy yiod Isﬁmct@rabarengtmf Smdhemembmrrm)wmded

asphal t | ons re mxed.w 100 S were

cur ed foﬁ)%ri%olal MR Orf‘?ée(’fpra?ﬁgn% %Wate?”’ ’daflp c?:tH)(S‘F ﬂ?‘&“%ﬁ‘ﬁﬂ?‘ﬁ%‘étﬁ’at ure.
The wat erthé asphaRi @Atchesd sbover 0% qBEYCIRTOML, 4080-H0%, dREs0dRYs). Thecek@mul t S
showed 95 % retention o%@}as phal t .coating gver the sand surface in the 10

case of &EPRdinentsy &1, PRYL CHBPASHIGON; A0o%T §ARJSIZHi WoH Bongiobthd0%orhled to
| ess 1pharyo8, %%Wegh@oam%qatﬁ) -593! &d70%6)) sb*%e(ecg)“éd @60%59&“@6 ‘90‘79”&05' tion

that did not include a cationic organosili¢on corpound MPLE- 8"'Pavi ng
gr ade asp?ﬁ%ﬂ(leg( 6009 7perr93b) on at 25C) sanpl es were prepar ed to contain

15 0.0 % (i . §n yFt_Iﬁgme; al ewéftlfk y{ﬁ%se%ﬂﬂv%ﬂﬁ L ecﬁl]gé) §I“| {nhc%ﬁtra(\to’nggnq dS}tl and 0. 1%

by wei ght of net hox ropyl oc ammoni chi ori de
(42% sol ulat @an |bn dxhtltdiﬂamtl by adﬂlﬁotpaf Bmtemfortdne&ler denﬁﬂablerniﬁcéna@)glalotgamc
conmposi ti ons 100 . parts. igneous aggregates. .The ticle

si ze proff&y SPh esgﬁcgre fae fmglél?elnfo ug‘é‘EFe’F“gg‘e g%‘f"??fﬁ“%&lo Fdation
vwas as f ehiicws orgah@siﬁcoﬁ ouhf @Rk Gb 8Re WRSsEnt! i89htibAAR e MDD Wich20
greater than_ 10- about 10% of the particles were | ess than 10-nm but

gr eat er emepd @Cnﬁrﬁheéﬁﬂo%%B’L%PHQP\T)‘%O@fcotﬂﬂ?@mphllsttYRWély\m?Séml fears abpit{.Gltom  That
is, 100% o “ »SCI een,
P& S0t Vb&gmgm @thaoelﬂgng?{g&gg %%éﬁt t Ougﬁ@g ﬁﬁqgsoy St

10% retai ned on a nm Scr een, mm Screen. The
m Xt ur es cvmp@slf@cur @d/nfg)art lquOOHemarciuuiesar@nosiﬁﬁxﬁea@n@bamﬁmrcdlem makiré orgahieg ti me

and t hen ok r 00 ur.e af \é\@ g{/} E ?{?I ling
tests acé(glr ding r?fteraP >e §£Fﬁllff5§% %r\(p} T‘eéesre%ﬁé selyrtddYed pr%rﬁré‘g Yokl ts are
showR0i n oﬂ'ga:hicesoﬁzenﬂ'&bdttbyl&lesgmdlem other embetientd, the teoRelité’scAdhRgioan %
control (i ano.silicon ¢orn sound 40 10 <5 WO
2010/ 073 qgeq-/af R@@b@?‘b@@w 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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Adhesion % w th Cationic 989695 organosilicon corn. ound The
asphalt-concrete control sanple after the boiling test is shown in FlI GURE
1A. The awphaloo7ewmcr et e sanpl e i ncluding and 0. 1% by weCHhN2009/0@1712

[ Tri met hoxysi |yl ] propyl oct adecyl di net hyl anmmoni um chl oride (42% solution in
met hanol ) after the boiling test is shown in FIGURE 1B. Conparison of the
FIGURES | A and 1B illustrate that the inclusion of the cationic
organosilicon resulting in significantly nore asphalt being retained on the
aggregate. That is, -the control sanple shown in FIGURE 1A is dull and nost
of the asphalt has been renoved fromthe aggregate. To the contrary, FlIGURE
1B il ust roegaaesiﬁmt capostd &l lethyfent hgly@cﬂph&#réfei‘a&lyf, ehai s8ds cmnfehte ofUhfsace of

10 the ag te evident . b he, shin appear ance of

asphal t - cgﬂ‘?g@i@ ranges r‘iff‘taB‘?‘}ét”tﬁé’ qtoer /t’égtfgomP‘PféW’f@% ‘fGL?QP“‘v%)t/érTl\R/as
removed argbricBRRACT et ditichtan PeeSRAGEEWRR vk @wé &@@E) a8 %@Jlée h'hﬂh{%@

wat er. FI GQURE 2A shows the residual water of the con sanpl e. shown
in Fl GURECBPositiRn thalsGag bs usedacertding to pabedimenis|of therpptsent igventiok. (e g.,

bl ack) 5 dugxtAygpekgni fi cant presence of asphalt stripped fromthe aggregate.
FI GURE 15 2B shows the residual water of the sanple including the asphalt
treat ed WIHESE QF ASRHARTeAGGREGATE ADHESIOPOUNnd. As shown in Fl GURE 2B,

the resid ter.is.nmos tran ar en ntai ns si ficantly |ess
nophatt oP Posste ok o sPRale, $rbLGARES" L Aol Iiirdersihon, Hitts Rmde! s con
guat er nar Resigfanc€)ont ai ni ng asphalt concrete sanpl e exhi bited over 95%
adhesi on of as qurglt on the a%g ates mx while the control sanple 20l ost
all or nost asg Ging PORPISHL d’&‘g%@gﬁpége d(hy @ixing; 3§ |parts of fsphedeh dR0t o t he
aggr epgmt e nfé@%égk%& AR B NRER dex of
t he 80-10 ¥ nd ade asphé | t bﬁgggggaag% a%%%?ég%%%ﬁggg%% nﬁggt he
ASTM D946heredriet 186 - awa&wwao@md foe 46 mgnutkoat 1PEHG tHollpworg e amwlbza
Asphal t Cgie e i.0 netratjon.va

wer e obt ai negtrh f Sf%l? %g%vs? S{r%‘fa%\é ma{lhelgm%i} CEeld ‘Q@}er P%ngrglon bR A Vit
3- [ Di met hompéRionyabnditipes wexe Jrsestighiedr Thyse- mciuﬂademysftohxpﬁwﬂy ko S0 Riatem

2010/ 0752BABCH DN 3+ Saiih oot Ut BkeoRiFes FOTDS) P bR e Thary

sal t BEtcopétdy abghafrodethg Rt od HR LpRERRLat 'c&‘ﬁﬁ]%hbﬁ’ Bf thENPatELBMhdrSioRr €
given in Table 6. Table 6 Asphalt Penetration G ade %organo

si | i conquieFle¥#sdpipd viguplly apa %aﬂerPfél' % Ratigey edhelop8h &b refenition of awbalt 80- 100
0.0 86 80mtOfkdPeghtes afier the immersion test are considered poor/failed. In the following

examples, all parts are by weight unless 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 0.1% 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 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.

-16-~



67 60-70 0.0 67 60-70 0.1 65 60-70 0.4 61 5These results illustrate that
organosilicon quaternary salt addition (according to enbodi nents of the
present iwoentwwsdelt o asphalt hel ps to | ower the penetraCranaomd@gi2avhi ch
wWill result in inproving stiffness and tensile strength of HVA (Hot M x
Asphal t). EXAMPLE-10 STABILITY OF ASPHALT BI NDER 10Aged asphalt (60-70
penetration grade) sanples with and w thout 0.1% 3-

[ Di met hoxy(2- hydr oxyet hoxy) si |l yl ] propyl - oct adecyl di net hyl ammoni um chl ori de
(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
maki ng HVAT#alpl M x Asphalt) sanples, containing 5.1% asphalt using basalt

aggr egat es, SSEd—thmoegh =TSt —bt—feteatned—or—ay 10- Mm
screen, 24% asseg1 Hr ougﬂkoa 1( %ho% bu @%t ai r@ﬁé on ho.g;f nm ;,Oclr een, jand 41%
passed t hr ough’ & en. The confrol | ed sanpl es were prepared|using
the sane grade23®s witlhout lagi Stahjlity qtahility ratio,
and fl ow val ueAdlissiendet &6 % ed| 88cor dj P t o [ASTM D1PI%H/ AASHED T165
met hodol ogy: |(StfigndhbemTest Method for| Eff ect] of Water on Cdnpressiye
Strength of Conpacted 20 Bitum nous M xtures. The results are summarized in
the foll mgi.ngﬁ T"Tgl ﬁ 7. gR%O li%810/ 073261PCT/ | P‘I 009/ 000712 Table 7 Sanpl e

Mar shal | SEEBiP 7 hey gigpiicaridmRroxemeRb aysy fppslt wihowegddifingi | ity Ratio (%
Wt/ Dry Floxwavepuge-2m 5. 1% Asphalt HMA wi t hout Organosilicon quaternary

salt; ntrol |l ed: non-aged )
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)silyl]propyloctadecyldimethyl 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 (i.e, no
organosilicon)
Adhesion % with | 99 98 98 98 98
Cationic
organosilcion
compound

Adhesion perceﬁtage ratings below 95 % “after the immersion test are considered
15 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

17-



1650 1260 76.3 2.78 5. 1%Asphal t HMAW t h 0. 1% ganosi | i con quaternary salt;
Control |l ed: non-aged 2512 2461 97.9 2.95 5. 1%Asphal tHMAwWI t h

0. 1% garnwei2biogoseequat er nary salt; Aged 2652 2445 92. 2 BCA/INTogs@7resul ts
clearly illustrate that organosilicon quaternary salt containing HVA
according to enbodi nents of the present invention provide better stability
ratio than 5 wi thout 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 containing an organosilicon quaternary salt according
to enbodi nents of the present invention retained stability and flow val ue.

EXAVPLE- 11 10 pRERE GFRBNGhaBRAIN0 pSRHMidn Bl ISPERsamples wéé BFngﬁedbb pelakint est s
wer e conducted u5|&%c£erfornance graded PG 64-22 asphal t bi nder mnth 0. 0%

(control Y;0 .65 & Widyng e PrEgRYsiicon %WPW)@%W%W ypight of
pr opy! octm%emb%nﬁ P06y 18 SHRRL M & m{lor hlBiohthdYo SRIHEL 0@42/&85#&1% ofN€in

glycol). "The as bi nder was tested according to O standard
met hods. mﬁﬁ@ﬂ@és JInegts of thesbcampomnd¢dzasghialh corapisgios wae 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)silyl]propyl octadecyldimethyl ammonium chioride (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

-18-



Table 8 Binder: PG 64-22 with O ganosilicon quaternary salt 42 %in
et hyl ene glycol (0SiQS) Rotational Viscosity @135C, AASHTO T 316, PaS Test
Resul ts OwWO%@rogaasesi | i con quaternary salt (0Si QS) 0.458CUA8ZEM/000712

Organosi licon quaternary salt (0SiQS) 0.468 Control
Rheonet er AASHTO T 315 Test Tenperature, 64 C G-, kPa Phase Angle G /
sin5, kPa 0.1%0SiQS 1.55 86.4 1.55 0.05% QSiQS 1.56 86.4 1.57 Control

86. 4

10

15

20

25

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)silyllpropyl-octadecyldimethyl ammonium chloride (42%
solution in ethylene glycol). 3 parts of these compounded asphalt compositions were
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.
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 98 98
organosilicon compound

Again, adhesion percentage ratings below 95% after the immersion test are considered
poor/failed.
EXAMPLE-6

A 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)silyl]propyloctadecyldimethyl 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
not suitable ’;”or typical asphalt-concrete m‘ixture 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
less than 50 % asphalt coating on the control asphalt composition that did not including a

cationic organosilicon compound.

-19-
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1.44 Rolling Thin Film Oven Test (RTFOT) Aged Bi nder Dynam c Shear

Rheonmet er AASHTO T 315 Test Tenperature, 64 C G, kPa Phase Angle G /
k Paw0.2080/(@8i60S 4. 00 82.7 4.02 0.05% OSi QS 3. 75 82PBTANABY/GwtY Ol
82.7 3.47 Pressure Aging Vessel (PAV) Aged Bi nder, AASHTO R28 Pressure

si ns,

3. 44

Agi ng Vassal (PVA) aged Binder Dynam c Shear Rheoneter AASHTO T 315 Test

Tenperature, 25 C G, kPa Phase Angle G sins, kPa 0.1% OSi QS 6628 44.8

10

15

20

25

EXAMPLE-7

A 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)silyllpropyl-octadecyldimethyl ammonium
chloride (42% solution in ethylene glycol). 3 parts of these compounded asphalt
compositions were mixed with 100 parts sand. 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 one day.

The results showed 95 % retention of asphalt coating over the sand surface in the
case of asphalt including the cationic organosilicon compound compared to less than 80 %
on the aggregate coated with the control asphalt composition that did not include a cationic
organosilicon compound.

EXAMPLE-8

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 0.1% by weight of 3-
[Trimethoxysilyl]propyloctadecyldimethyl ammonium chloride (42% solution in
methanol). 4.5 parts of these compounded asphalt compositions were mixed with 100 parts
igneous aggregates. The particle size profile of the aggregate composition used for testing
and evaluation was as follows: about 45% of the particles were less than 20-mm but
greater than 10-mm; about 10% of the particles were less than 10-mm but greater than 6-
mm; and about 45% of the particle were less than 6-mm. That is, 100% passed through a
20-mm screen, 45% was retained on a 10-mm screen, 10% retained on a 6 mm 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
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)

-20-



4668 0. 05% OSi S 6001 44.1 4173 Control 6373 43.3 4368 Bendi ng Beam
Rheoneter (BBR) AASHTO T 313 Test Tenperature, -12 C Stiffness, MPa mval ue
0. 1% OSi @@o28n/03814 0. 05% OSi @S 202 0.317 Control 201 @C3aR2ieGo@7ede 64
-22 These results show that the rotational viscosities at 135C of
the asphalt binder with the organosilicon quaternary salt are |ower than
that of nornmal asphalt binder. The | ower viscosity at 135C is good for

m xing and wetting of the aggregates with asphalt binder. The results al so
show t hat the conpl ex shearing nodulus G, is higher while the

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-
[Trimethoxysilyljpropyloctadecyldimethyl 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 organosilicon 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 ésphalt from the aggregates (i.e., little to no adhesion to the aggregate).
EXAMPLE-9
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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5 phase angle remai ned the same for the sanples containing the
organosilicon quaternary salt. This is a clear indication that addition of

t he or garweizbicaoseequat er nary salt inproves stiffness w PRTHNZ0Y000812

vi scoel asti c response (phase angle). The organosilicon quaternary
salt containing asphalt binder's RFTOT residue al so showed an increase in
G value with simlar phase angle. These results suggest that 10 organo
silicon quaternary salt containing asphalt binders have inproved oxidative
stability during processing. The PAV aged organosilicon quaternary
salt containing asphalt binder residue had better stiffness with higher

val ue of §ah$1q3hﬁb®tang>lr@n0§ihb<ﬁ1 @lasanarpdalc atesdibad ehbelinegsnd sid present
quaternary salt es | ang oxi dative stability and maintains its
15vi scoelé%‘?ﬁ“@’"‘f@? t§ are g“’enmgrémfdig beam Rheoneter results show that the
presence pihidde organosilicon quaternary salt in the asphalt binder reduced
the stiffness_at lower tenperatyure. This will inprove the |ow tenperature
fati gue res| dsphslienetration Grady | | ¥heayganosilighn s qedterapiyy| Rehbtwationat e tlhat t he
presence of |{the organosilicon qu rﬁ to enbadi nents
of the present invention desirab v%%%v%@@%eélﬁ% L Properties as
conpared to| 8&é&0®ri gi nal bi nder pl()operti es. EXAMPLE- 1836MO STURE
SUSCEPTI Bl LHRY-—FESF{AASHFO-T283 ) —Aggregates—from-twag-seurces—n—Ceorgi a
(Lithonia ap Il_ﬁjq_hl a Springs) we pé 25 sel ected for the@m xture tegts.
Aggregat e gfgglagi ons w th a nomn pal aggregate size of] g52. 5 mm wer e desi gned
for testinglLand evaluation Two!sanple of this mx dgsign were nmade with
the PG 64-226%7@1der with and wit#dut 65
3-[ D nmet hox 5 = IyUl OXyethoxy)si MI propytoctadecytdinethyt—amroniygm
chl ori de (42}fsol ution in ethyl L\ne gl ycol) added to t%g asphalt bijnder. The
asphalt and aggregate m xtures were conpacted to 65 gyrations. WO

2010/ Q73261PCT/ | NZOO?/ 00071 The eval uati ons, of each m xture's

moi st dr e SRS WSt ylNERE fef&%%ﬁﬂwnn@a%tamwg elnafdidont (agingiing to

accor di NGl deaT 6Y E@&%séi%%ﬁ%ﬂmﬁ%&sésbﬁalﬁ hél‘f%&‘ 98 Nowéat {h‘éspe‘ﬂgt'ieﬁloﬁailn@éJJ ated
using tensile strength val ues of conditioned uncondi tioned sanples. A

summary ofhighwdbrepdsin impseningstifhestapdrierisde mgﬁsoﬁﬂm (Ent Mix Pesphadt)9:

Lut heni a ﬂgﬁm_ g wi th PG 64-22 Asphalt binder (Control) Tensile Strength
(PSI') Unconditioned Tensile Strength (PSI) Unconditioned Average Tensile

St rengt h SIPBILITo @l ASPHAL TTRINDER Strength (PSI) Conditi oned Average

TenSIIIOe St ren%g@ngst alt (E%R/)O penetr%gon grad%? samples with and without 0.1% 3-
[Dimethoxy(2-hydroxyethoxy)silyl]propyl- octadecyld1methy1 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 Asphait)
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 Table 7.
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133.78 160.32 0.85 188.87 176.64 180.21 170.56 Tabl e 10: Lut heni a
Aggregates with PG 64-22 Asphalt binder, 0.05% 3-[D net hoxy( 2-

hydr oxyetwoxgdoi7Basit] propyl - oct adecyl di net hyl amoni um ebiraNzeoqed P
solution in 10ethylene glycol) Tensile Strength (PSI) Unconditioned Tensile
Strength (PSI) Unconditioned Average Tensile Strength (PSI) Conditioned
Tensile Strength (PSI) Conditioned Average Tensile Strength Ratio (TSR

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%Organosilicon quaternary

salt;

Controlled: non-aged

5.1% Asphalt HMA with | 2652 2445 92.2 34

0.1%Organosilicon 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 ASPHALT 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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165. 05 158, 21 143.29 150.08 0.95 153.64 153.47 155.95 153. 47 Tabl e
11: Luthenia Aggregates with PG 64-22 Asphalt binder 0.1%

3- [ D et igye(Rydigsn oxyet hoxy) sil yl ] propyl - oct adecyl di mePFINZ0OwO0071eM
chloride 15 - (42% solution in ethylene glycol) Tensile Strength (PSl)
Uncondi ti oned Tensile Strength (PSI) Unconditioned Average Tensile Strength
(PSI) Conditioned Tensile Strength (PSI) Conditioned Average Tensile

Strength Ratio (TSR

Table 8

Binder: PG 64-22 with Organosilicon quaternary salt 42 % in ethylene glycol (0SiQS)

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

0.1% Organosilicon quaternary salt (OSiQS) 0.458

0.05% Organasilicon quaternary salt (OSiQS) 0.468

Control 0.470

Dynamic 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 4.02
0.05% OSiQS 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 Shear Rheometer AASHTO T 315

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

0.05% OSiQS 16001 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

Control 201 0.312

IPG Grade 64 -22
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178.10 174.79 181.94 173.52 0.99 179.05 171.13 167.22 167.50 WO
2010/ 073261PCT/ 1 N2009/ 000712 Table 12: Lithia Spring Aggregates with PG
64-22 Asphalzpioni7eaber (Control) Tensile Strength (PSI) Urconn2ap/oemnet: Tensil e
Strength (PSI) Unconditioned Average Tensile Strength (PSI) Conditioned
Tensile Strength (PSI) Conditioned Average Tensile Strength Ratio

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 stiffness 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.

25-



(TSR) 182.43 165.87 131.46 135.59 0.82 153.47 130.56 161.72 144.78
Tabl e 13: Lithia Spring Aggregates with PG 64-22 Asphalt bi nder

0. 0593- [ Dvoebtiargie2- hydr oxyet hoxy) si |l yl | propyl - oct adecy dirmszdoyb@mmoni um
5chloride (42% solution in ethylene glycol) Tensile Strength (PSl)

Uncondi ti oned Tensile Strength (PSI) Unconditioned Average Tensile Strength
(PSI) Conditioned

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

Unconditioned | 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) (PSD 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- octadecyld1methy1 ammonium chlonde
15 - (42% solution in ethylene ghycol)

Tensile Tensile Tensile Tensile Tensile

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

Unconditioned | Unconditioned | (PSI) (PSD) 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-



Tensile Strength (PSI) Conditioned Average Tensile Strength Ratio (TSR
170.39 159.99 154.79 151.56 0.95 159.41 155.95 150.17 144.20 Tabl e
14: Lit hiwoSproategeeéAggr egates with PG 64-22 Asphalt bi ndeCT/IN200Q0@079%

3-{ D nmet hoxy(2- hydr oxyet hoxy) si |yl ] propyl - oct adecyl di met hyl amoni um
chloride 10 (42% solution in ethylene glycol) Tensile Strength (PSl)
Uncondi tioned Tensile Strength (PSI) Unconditioned Average _

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)silylpropyl-octadecyldimethyl ammonium
5  chloride (42% solution in ethylene glycol)

Tensile Tensile Tensile Tensile Tensile

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

Unconditioned | Unconditioned | (PSIT) (PSDH Ratio
Average Conditioned | Conditioned | (TSR)

Average

170.39 159.99 154.79 151.56 0.95

159.41 155.95

150.17 144.20 B

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.

27-



Tensile Strength (PSI) Conditioned Tensile Strength (PSI) Conditioned
Average TSR 155.95 167.55 164.61 167.40 1.00 170.84 172.98 175. 87
16461 wohe10liBReval ues of the Lithonia 0.05% or ganosi IPCTaN2@eadoernary
salt and the Lithia Springs 0.05% organosilicon quaternary salt were 0.95
each, while those of the control mxtures 15 were 0.85 and 0. 82,
respectively. The m xtures with 0.1% organosilicon quaternary salt showed
the TSR values of 0.99 and 1.00, illustrating that the organosilicon
gquaternary salt had significantly inproved the noisture resistance of the

HVA m xt ures.

WD 2010/ 073261PCT/ 1N2009/ 000712 EXAMPLE- 13 COLD M X ASPHALT

COVPCSI TI GRKAMPLE-13
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COLD MIX ASPHALT COMPOSITION

500 g of mix basalt aggregates having a particle size distribution as follows: 33%
passed through a 20-mm screen but retained on a 10-mm screen, 24% passed through a 10-
mm screen but retained on a 6-mm screen, and 41% passed through a 6-mm screen. The
500 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 setting grade asphalt emulsion
(containing 60% solids) by manual mixing.

The rapid setting asphalt emulsion was mixed with 0.034 g organosilicon
quaternary salt, 3-[Dimethoxy(2-hydroxyethoxy)silyl]propyloctadecyldimethyl ammonium
chloride (42% solution in ethylene glycol) dissolved in 0.306 g of water. The cold mix
asphalt compaosition 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
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 A
containing

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
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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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-nmm screen,
24% passeaewsiotzhroogdslia 1Q- 5 nm screen but retai ned on a @CEMNIO9/e@2 and 41%
passed t hrough a 6-nun screen. The 500 g of m x basalt aggregates was used
for making cold m x asphalt. The control sanple was prepared by m xing
aggregates with 58.3 g rapid setting grade asphalt emul sion (containing 60%
solids) by manual ‘m xing. The rapid setting asphalt enul sion was m xed with
0.034 g organosilicon 10 quaternary salt,

3-[ D met hoxy( 2- hydr oxyet hoxy) si |l yl ] propyl oct adecyl di net hyl anmoni um

chl ori de (k2% sidistraicothai theetdmyllevenginmepithe digasaiiced dquatddndPGaly hbwedt er .

The cold m x asphalt co sition repared as descri bed above.

Bot h sarrpfn@%ro}'/\%fgom%d’mg? aﬁ%h%tog‘??‘ﬁpﬁggﬁ%aﬁe'a ¥ EsteRes r}ﬁ%r‘ioetreloﬁad?l?l%n,

t enper at uegtbitedn@euldBobP sBfihe (TRE HIFPIES Hahe agRltUMLErigSddNGoAIRM D3625
15 net hod: Standard Practice for Effect of Water on Bi t um nous- Coat ed

Aggr egat e2&EH) Btileithpgsapmplesontafpiae prgagpicon watempma paltexdibited Thente 206 .

Tabl e d5 Sapphe 18] {dd] 9, Bg i ' STl overfge (%
Control 10 % f)r galneoelsélj"l ib-ggﬁi/qj)gltmee?%gé{/ﬂs‘gﬁ ﬁé%)pnétgal ni %r%? éﬁ g%ﬁlf %llgéa@t he
boi | i ng t ekseratipmeccouitiatoastandard@rachigsintberfioldd and i nspected for the

presence of a i .asphal t. | he. wat er... FlL GURE 3A sho t he residual

wat er of the 2%4%{?# (%408@%%%&28.&%5&%%%\%% °|81rr1’rl ef—l}s(ﬁfﬁﬁe gﬂfﬁf‘ﬁ‘é SF%EDF%@&FGWB] r of

t he cont r aims@npind 16 ood skilésl ia theaarge Wiyle thiofvelaiok peRaifls haih@ok beaanioal t

t hat was @t rt%ipﬁ.ed fromthe %%rreg%?te Fl GURE :ﬁ? shows t he residual water of

t he sanpl &°i'fEr a8 H’ﬁsetnf?él lﬁsf% § ‘?ge‘?f?@&?%nt HF ’E?éor%‘_t sdpibsingersiogd i 1 i con

conpornd. th8sinsbien isnnbtl @IBE BRited B heSigdbde ¥Wab&limbss t didlisRar &t uged no

stripped asphalt can_be seen froma visual inspection. These results
modifications and other embodiments are intended to be included within the scope of the
appended claims. Although specific terms are employed herein, they are used in a generic

and descriptive sense only and not for purposes of limitation.
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WO 2010/ 073261PCT/ 1N2009/ 000712 clearly illustrate that the sanple
containing the organosilicon quaternary salt showed inproved bonding of the
asphal t twothw/agwiegate. For instance, the control sanpCe/rsxoed/hbicved about
a 30% stripping (e.g., about 30% of the asphalt was stripped fromthe
aggregate) while the sanple containing organosilicon quaternary salt

exhi bited about a 2% stripping |evel (e.g., about 2% of the asphalt was
stripped fromthe aggregate) upon visual observation according to standard
practice in the field. Many nodi fications and ot her enbodi nents of
the inventions set forth herein will come to mind to one skilled in the art
to whi ch ™ €laimvention pertains having the benefit of the teachings
presented in the foregoing description. Therefore, it is to be understood
that 10 the invention is not to be limted to the specific enbodi nents

di scl osed and that Aondsghattahinemkcampsiiohsrongnisingi mrents are i ntended to be

i ncl uded w thi scqpe af, the appended c] ai ng. Al though specific terns
are enpl oyed h&?gpﬁ?a”fsﬁ%ng?}étoggé‘ag%ﬁ afg%ﬁt&?"gfand desc?i pt Pve sense only
and no§ for puaﬁg&@go ghrtd bynivéighd cMan aspielt20hBH8A3 AR LN20DY 000 fitdr Ve

p

Claim 1.An asphalt-mneral conposition, conprisi ng{e (a) 100 parts by
vei ght of 3e3i P cationig greagasiBeongiospspry orsthe gveight ghtheasphipltnei ght of an
asphal t conprisi ng %08y RRbnte? Pk 10 Y HaR; - 1 I QRi C
organosi licon corrpouneg 8’%‘1 henvveicgﬁt of h%ﬁéégggp%gfﬁg Og%f‘#’%gelhg%ﬁ%&o dtu;agn of
claim1, weleeted fiolmehe gtoupepesigingafiosi | i con conpound is sel ected fromthe

group consisting of: Y3 .aSi E%@ 5X" 10Y3_aSi (R a) RRP+R3RAR5X-,
Y3-aSi (Rla) R2zZX-; and m%'ﬁﬁ(gi"%jﬁ%of , éﬁ/herei n in each fornula Yis
i ndephdent | y sel ected fY oS8R ' JRWIR’R'RAKI sting of OR 0(CH2CH20)"11,

(CH3OCH2CH20) , and ( CH3C}- 0);. 15a has a yalue selected fromO, 1
or 2; nis a value from%“%ﬁﬁ%{,%%gi %‘dén’éf"-r@tﬁ%ﬂeﬂgl; Rl is either methyl or
et hyl ; R2whérem ileaci@rmhilky! ene group; 20R3, R4 and R5 are each

i ndependently selected froma gr OUP consisting of C- C22 alkyl wherein at
| east one suchY gisoiifensadenthyr ¥lackintrgmca frewss consiripgeHE OR, EMEEHEE0)-H, CH2 OH

and -(ngwkgﬁzgﬁggwh%ggbm ul H?Cﬁ%%)”e of from2 to 10 and R6 is a

C -Cl12 pe uor o ircal; I's chl’oride, bromide, fluoride, iodide,
acet at®e or tosyhmtaeyahmredle2Ba fiosn Pyirard; ni um ri ng of formul a CSH5NH,

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, -CH,C¢H;, -CH,CH,OH, -
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

25 Z is pyridinium ring of formula CsH{N"

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

wherein
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3. The conposition of claim1l, wherein the cationic organosilicon conpound
is of the fornula: Y3 _aSi (Rla) RRNAR3R4R5r, wherein WO

2010/ 073 280RCIVardEEO09/ 000712 Y i s independentl|ly seceanswoHoocm a group
consisting of OR O(CH2CH20)"11, (CH3OCH2CH20), and (CH3CH2OCH2CH20); a has
a value selected fromO, 1 and 2; nis a value from1 to 10; 5Ris a d-C4
alkyl; RL is either nethyl or ethyl; RZis a d- C4 al kyl ene group;

R3, R4 and R5 are each independently selected froma group consisting of
Cl - C22 alkyl, wherein at |east one such group has nore than 8 C atons,

- CH2C6H5, CI-lZCHZO—l - 10 CH2OH and - (CH2) yNHC(0) R6 wherein y has a val ue
of from2 to 10 iaAedeRendestly selected Citam pre gfdupocaaisting of a0k ¢ O CHa@Id, 0%, H S

sel ect ed Eﬁp@bﬁﬁbﬁgb ‘?m Qﬁ?ﬁ@ ﬁkﬁgp&de i odi de, acetate and tosyl ate.

4. The conp05|t|on 0 érern’sai d cationic organosilicon conpound
conpri ses betwdmma&bhusdanﬁﬂﬁmn(ﬁb@udZB wei ght percent of at |east one
cationic 15 organosili.con, conpound. 5. The conposition of claiml1,
wherein the cgtFSHP%'gPthSEH i con conpound is at | east one selected from
3- (trbmet hoxyR isulQpcepydi met hyl oct adecyl anmmoni um

chl ori de, 3- (trlnethoxy5| | ) pr opyl met hyl di decyl anmoni unthl ori de, 3-
(trlnethoxy5|ﬁybbﬁgﬁﬁ qﬁﬂﬂﬂexadecyl anmmoni um chl ori de, and

3-[ Di met hoxy( &2 SZQCIinéﬁ eho silyl ] propyl octadecyl di net hyl amoni um
chl ori de. : . gm%orrpg@%lon of claiml1, wherein R2 is a C4-

al kyl ene gr ouyB R* and R%areAmmmhdelmgrspbsueﬂ ifiom & groppicehsiging(df)Clac2asphal t
22?71)((333] q kﬁ/fn%ege(?&at lﬁ?& %%h gro rﬂ}a{, Rort rhar(la g%t atgrgg, %%QOI&ID(-: oéﬂ#qr(lﬁil l):‘ cen
cl ai 97, CHhOm %(rﬁiéizaglNHCé(aBRG aheretay ha$h Galk AT it a0 A 1@601%0@1"1(1 i's
sel ect ed 515 om uoma%(y?uaﬁhcaf)nm sting of: Y3 _a Si(R a) RRN+12. 3RARSX"
X is selected from chloride, bromide, fluoride, iodide, acetate and tosylate,
4. The composition of claim 1, wherein said cationic organosilicon compound
comprises between about 0.01 to about 3 weight percent of at least one cationic
15  organosilicon compound.
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-
(trimethoxysilyl)propyldimethylhexadecyl 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 wei ght 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 SiRLORIN'RRRX,
Y3.SiRDR?PPRRRX
Y3..8#R')R?2ZX; and mixtures thereof,

wherein in each formula

-3]-



Y3_aSi (Rla) R2134- RBRAR5X-, Y3_aSi (Rla) R2zZX-; and m xtures thereof, wherein
in each formul a Y is independently selected froma group consisting
of OR, 0(Wb2@H2a0}e, (CH30CH2CH20), and ( CH3CH2OCH2CH20PCTAaNImgo@71al ue
selected fromO, 1 or 2; nis a value from1l to 10; 5Ris a d-C4 alkyl; Rl
is either methyl or ethyl; R2 is a O- C4 al kyl ene group; R3, R4 and
R5 are each independently selected froma group consisting of d- 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 Cl1-Cl2 perfluoroal kyl radical; X is chloride, brom de,
fluoride, iodi¥Yids iadapeadeptlprseleotsy|fnare;a grapZzeansispyg iofli ORUMNEHHGHSNHor nul a
Co5H5 N+, RSP conposition conprising: 15(a) an
emul si on (gglﬁgrcggpﬁé&gtsa%%gﬁiﬁﬁsperzggidb?’n wat er; and (b) from

0. 001 to 5% by hasehghlueotlcatd fredsk 1on2; cati oni ¢ organosilicon conmpound on

t he wei ght of the aﬁ]ggﬁ%l t ) 10. The conposition as clainmed in claim?9,
wherein the at"'f&38 8 Li%5%ni ¢ or ganosi i con conpound is sel ected from
the gsoup cons std MPCAfalkyR0Y3- aSi (Rla) R2N+12. 3RARSX-

Y3-aSi (Rla) R2P4R3R4R5X5, Y3 _"Si (Ri a) R2ZX"; and m xtures thereof, wherein in
each formul a R 1seither methyl pisethldependent | y sel ected from a group consi sting

of OR 0O(CH2CH2Q) 1. 22 ﬁ%igﬁ%% 20), and (CH3CH2OCH2CH20); a has a val ue
sel ected fromQ, % or 2;a Isa value from1l to 10; Ris a d-C4 alkyl; Rl

is either met iﬂfl RéandaRﬁyde;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,OH, -
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 CsH;N*
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(R'DR*NRRR’X,
Y3 Si(ROR*PRRRXs,
Y3.Si(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,
25  (CH;0CH,CH;0), and (CH;CH,OCH,CH,0);
a has a value selected from 0, 1 or 2;
n is 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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30R2 is a - 4 al kylene group; WD 2010/073261PCT/ 1N2009/ 000712 R3,
R4 and R5 are each independently selected froma group consisting of C -
C22 al kylwotherosi7seéat | east one such group has nore thanP8TANzYN®712

- CH2C6H5, - CH2CH2OH, - CH2OH and - (CH2) yNHC(0) R6 wherein y has a val ue of
from2 to 10 and R6 is a C 1 - Cl2 perfluoroal kyl radical; 5X is chloride,
brom de, fluoride, iodide, acetate or tosylate; and Z is pyridiniumring of
formula CoHBN-f. 11. A wat er-based asphal t-m neral conposition conpri sing:
(a) an enulsion conprising asphalt dispersed in water; (b) mneral
aggregate; and_10(¢ 001 to 5% by wei ght of at Ieast one cationic
organosi | i con %n% %H%R ofe e#d 1%6‘?1’61%@3“61?’ Sf’]ﬁéteé@fﬁﬁ’a# group ZoriinghsdsiZPon as

clai med 1 aug #hifiblat IABCIR I ABufthad BBRINANE CCRLLONLS g%@%%%gm%xu

conmpound i s selected fromth RZgr oup consi sting of
. 15Y3- aSiqHOH) mub+(QERNNEIC(0) Wéi@ie(rmé)imzﬂueazﬁd'rom Qﬁurlésanﬂﬁéérwcaf(n wher ei n

in each f i ndependently sel ected froma group consisting
of OR, m%ﬂ%"mf“?ﬂa(d%ocmmzo) and ( CH3CH2OCH2CH20); 20a has a val ue
sel ect®d from X is zl:hlonde bromids, fuovidk,Ueditie, airtdtetop tobPlateRadd a C1- C4 al kyl; Rl
is either nethyl t.h al kyl ene group; 25R3, R4 and RS
are each indepér’lﬂ (f “%‘é?‘@?%é ‘ﬁ%&%@oup consi sting of Cl- C22 al kyl
wherein at |easgt. ong w&itha8EddsPhdlBmidRA1RoinPad ish LondrRiR, - CH2C6HS,
-CH2CH2OH, - CH2OH and - (CH2) yNHC(O) R6 wherein y has a value of from2 to

10 and R6 is a C 1 ta)mzmbémcewaamgwphahdiswsedmw@erehl oride, bronide,

fluoride, iodide, agglah&.ofgs¥ @€ and 30Z is pyridiniumring of
formul a CSH5N+. ’

10 (c) 0.001 to 5% by weight of at least one cationic organosilicon compound

on the weight of the asphalt.
12.  The composition as claimed in claim 11, wherein the at least one cationic
organosilicon compound is selected from the group consisting of:
Y3uSiRIQR'NRPRR’X ",
15 Y3.SiRORPRRRX,
Y3..Si(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;0CH,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 is a C1-C4 alkyl;
R! is éither 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¢H, -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

30 Z is pyridinium ring of formula CsHsN™.
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WO 2010/ 073261PCT/ 1N2009/ 000712 13. An asphalt nenbrane conpri si ng:

(a) asphalt; (b) mneral filler; and (c) from0.001 to 5 %
by wei ghtwof20mto7Bmast one cationic organosilicon 5 conpeamdNzovdeei2nei ght

of the asphalt. 14. The menbrane as clainmed in claim13, wherein the at

| east one cationic organosilicon conpound is selected fromthe group
consisting of: Y3_aSi (RLORZN+R3RARSx- 7 Y3-aSi (Ri a) RRP+R3RARSX-,

10Y. 3_aSi (RIOR2DC;, and mi xtures thereof, wherein in each fornula Yis
i ndependent|y selected froma group consisting of OR 0(CH2CH20) H,

( CH3OCH2CH20) 45 and&%&%ﬂ%%ggmpgi%gs a value selected fromO, 1 or 2;
0 ; s a CI-

15n|savaluefrom alkyl; Rl is either nethyl or
ethyl; R2 is a - (&ksphdlyl ene group; R3, R4 and R5 are each independently
selected froma grgtlf conaziﬁgg of a - C22 20 al kyl wherein at |east one
such group has nor - CH2C6H5, - CH2CH20H, - CH2COH and

- (CH2) yNHC( 0) R6 whegeiBmyo.hes t@- 5V%| g;ev& fohlk 0@k Zeds® 0fd) caithidBrdadosdliddn - Cl12
perfluoroal kyl radical; X is-chlori brom de, fluoride, iCQdide, acetate

or todyl &P@Pownthzwﬁghbvfrth@?sﬂb% ring of formula CSH5N+. 2515. A
CorrpOSI t i on u?gd f ?Be Jsoaglln{ég lﬁy?élﬁlr & I’ el?é}?hltﬁé gg least OHC Catloalc

(a) asphalt; (b) nminera ilTler; (c) a orcenent mat
(d) fromofza@0silicon doniotmyd Iwgelgm:d tbmahe poap commeingafii oni ¢ 30 organ05| li con

conpound on the weight of t hﬁ-ﬁ({f@SHNJrWRA‘RSX' 7
Y3.SHRHIRPRPRIRX,
10 Y;-aSi(Rla)RZZX'; and mixtures thereof,
wherein in each formula
Y is independently selected from a group consisting of OR, O(CH,CH,0),H,
(CH;0CH,CH;0), and (CH3CH,OCH,CH,0);
a has a value selected from 0, 1 or 2;
15 n is a value from | to 10;
R is a C1-C4 alkyl;
R is either methyl 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,CsHs, -CH,CH,0H, -
CH,OH and »(CHz)yNHC(O)R(’ wherein y has a value of from 2 to 10 and R6 is a Cl —
C12 perfluoroalkyl radical;
X is'chloride, 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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WO 2010/ 073261PCT/ 1N2009/ 000712 16. The conposition as clainmed in claim 15,
wherein the at | east one cationic organosilicon conpound is selected from

t he groupwoansi®sieng of : Y3_aSi (Rla) R21\ 14R3R4R5X- PCT/IN2009/000712
Y3-aSi (R a) RRP+R3R4AR5X-, 5Y3_aSi (Rl a) R2zZX-; and m xtures thereof, wherein
in each formul a Y is independently selected froma group consisting

of OR, 0(CH2CH20)"11, (CH3OCH2CH20), and (CH3CH2OCH2CH20); a has a val ue
selected fromO0O, 1 or 2; 10n is a value froml to 10; Ris a d-C4 al kyl;
Rl is either nethyl or ethyl; R2is a - C4 al kyl ene group;

R3, R4 and R5 are each independently selected froma group consisting of
d - C22 15 al kid. whEkecammisitioa as tclamed suclhingd Huphdrain the peldasiashe&alorfis ONs,

- CH2C6Hb, OrCI-(I) %C]—Ib_-OCIaIZC]-Ia CH2) yNH R6 wherein y has a value of
from2 to Wﬁﬁg REOMROYLdzp sele %@F&%%%‘fp%ﬂ")ﬁ’ﬁmg%‘ﬁl cal; X is chloride,
brom de, fluoride, iodide, acetsiR NR&®ARAKe, and Z is pyridiniumring of
formula CSHSNY, 20 @, . & , &
¥Y3.51RDR*P'RRRX,
5 Y3.S8i(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;0CH,CH,0), and (CH;CH,OCH,CH,0);
a has a value selected from 0, 1 or 2;
10 n 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 R are each independently selected from a group consisting of C1- C22
15  alkyl wherein at least one such group has more than 8 C-atoms, -CH,C¢Hs, -CH,CH,OH, -
CH,OH and ~(CH2)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™.
20
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