ASPHALT MIXTURE FIELD OF THE INVENTION Woo ii 5The present invention relates to asphalt
mixtures and a paving method using the asphalt mixtures. BACKGROUND OF THE INVENTION
[00021 10Asphalt pavement using an asphalt mixture has been frequently employed for paving
driveways, parking spaces, cargo yards, sidewalks, etc., because of relatively easy construction and a
short period of time from beginning of payj rks,t ?& ning. For example, in current
driveways in Japan, 95% of a whole pavc—ang r%ig@‘ ifﬂﬁr‘faﬁ/([:%g ergé)@f have been 15 constructed from the
asphalt pavement. The asphalt pavement includes a road surface which is formed of an asphalt
mixture containing aggregates bonded with each other through asphalt, and exhibits a good hardness
and a goodrHardbily. HHEISN BSHHRSroduced by refining of petroleum is apt to be dissolved 20 in
similar petroleum refined products such as gasoline, light oils, heavy oils and engine lubricants. For
this reaso QQQQ:Ese oils are dropped on the road surface owing to leakage of fuels or lubricants from
vehicles, etc. the asphalliends io be dissoliecl in.the ditsiat.an el stage, aftarReing paygd. which
will lead to erosion of the asphalt mixture an oecurrehce of pavemen?ﬁac%urr)e such as ormation of
pot holes. ([ figrefigie «igp3iiah mBasaekepair of the pavement is inevitably needed, which results in
increased maintenance costs and significant influence on car traffic. [00031 To take measures against
these problems, cement concrete pavements have been used because they are excellent in oil
resistance.an bilit ompared to th alt pavements. However, in the cement concrete
pavement&%%%ﬁ%éﬁﬁﬁtﬁgmr{tﬁ\@ﬁ wing to need of a prolonged time upon curing of
the cemen %]Iremoval of concrete plates is required upon 5 repair. Thus, the cement concrete
pavements are hardly adoptable in practice because it is very difficult to avoid a large adverse
influenge on traffigspha@pthe:aibat hanss as thepdaiing RetirehusiBganfasghalitbased mixture
having a high laying speed, there is considered a paving method using a semi-flexible asphalt mixture
for pavemempkitshfhapavrelatideyenigh vibaa kezssemaces Terr paverdntudewaHes setai-flexible

asphalt mixture is constructed by curing a cement milk filled into voids, of.an open-graded asphalt
e, AR REREB1S EA LS. G AU PR BB S CMNMAY PR g to e cured

cement. Theeimiflesibiseaphalbmxisehanegood ol resianceRsIcomAAIpeL{R ordinary asphalt

mixtures, but'needs su complicated procedure that after laying the open-graded asphalt
mixture asdaimetharsmaténiphihoswméat wilklis pajeetechbindostheaweidh efdbthasphbianixture. As a
result, similarly to the cement concrete pavements, there tend to occur such a problem that a laying
time f&P coistAliEHAtEthe pavERcentRIRME By e@eitiexible asphalt mixture is two or more times the

aying time when g0 using ardinary asphial midutes. 100041, Inaddition, ere o plsp known a
paving method using an er &pe Or an aspnalt-pased mixture in wnich an epoxy asp alt mixture

?Ontaininga@%ﬁ&&%{ﬁﬁﬂ@@&ﬁ&&fﬁ?ﬁ‘@%@%Q%6%@@%%%55&%@@? ﬁﬁ%’@gﬁ%ﬁ_’é}ﬂ&fa?é mixture
is such an asphalt mixture prepared by replacing about 15 to 30% of asphalt in the ordinary asphalt

mixture witthdreshabit s esgncbiheaadmessesainl usgdoid the @mdixty asphalt mixture is in the form of a
reactive resin constituted from two liquids including a main resin component and a curing agent. The
cured product of EERHE AsRadtuNNdesRALT BN horirsieerhisiRp tebktideryietoi

resistafee, and  pavement oblaingd by sing ihe epaxy asbhalt midule ar ainighyuing fepistance
and an excellent ura%m{y owing to the cured epoxy resin. zcf’}ﬁowever", {he epoxy aspWaR mixture is
cured by reagtinB RIBPREREXY For this reason, if these oils are dropped on the road surface

owing to leakage of fuels or lubricants from vehicles, etc., the asphalt tends to

be dissolved in the oils at an early stage after being paved, which will lead to

erosion of the asphalt mixture and occurrence of pavement fracture such as

25 formation of pot holes. Therefore, in such a case, repair of the pavement is
inevitably needed, which results in increased maintenance costs and significant
influence on car traffic.

[0003]

To take measures against these problems, cement concrete pavements



5 resin, so that a laying workability thereof is largely influenced by a temperature used for mixing
respective components thereof. If the mixing temperature is excessively high, the resulting epoxy
asphalt mixture tends to be cured too fast, thereby failing to suitably lay the mixture on a road surface.
When the mixing temperature is excessively low, the epoxy asphalt mixture tends to be cured too 10
slowly, thereby causin blems sych as a prolonged time until.traffic opening and occurrence of
caty vt e T8 e B s e b e By At A AR Sttt type
needs a S%ﬁ@aﬁ@ﬂ%@%@éﬁl@%%%ﬁ'?@n%gpxﬂ&\%'&&? i"i‘ﬁtﬁ'éeéé!ﬁ%fﬁ GRS LIS consldered
to use a modified asphalt 15 prepared by compounding a thermoplastic elastomer such as typically
SBS (styrerebntentene-kiyiegesploak tdopelyfriends tsphdliniofactgthe meedififd asphaiglds an effect
of enhancing a resistance to rutting and crackin?gaéyhich will be caused in asphalt pavements. In recent

years, the tHB8iHEORSHHERRSHE MATtht G PRtV hod P Reks, MadanstinmetisshaRres
considered to 20 exhibit a Righer oil resistance than straight asphalts, owing to a,high viscosity thereof.
Fowentr e L B AR o ot
petroleumpsegusd, e Redifi@drasnball isver 1o lpedisspheedd hiTelialRdmrbasad@ils, resulting in
inevitable occurrence of pavement fracture such as formation of pot holes. 25Thus, the conventionally
known methods Hawe lfmilethtr duivelthae dhovmdexg ribethplobienss aip@ebhalt-bavethmothercand,
various m;tzgo,ds for enhancing propertieﬁf%f the asphalt pavement have been proposed. For

example, JB'345 80818 4 Y0RE SHAE T dtHIE 5 GRS TRL R PAARS IS HERAAG S & Avork structure

which is pr, ' i i igle fi W\ iber diameter of 12
am with a %g}éﬁ?%(%\lbd%o %gﬁﬂgu%g%ﬁggbgﬁé% orcﬁgﬁéﬁg}éﬁo%%é%egggﬁwﬁ%y %Sn?gterial, and
disposed ineRigtighitke Menneaikeiheasnbalbrohedsmatauaiboeanisinge miuting iesistance of the
asphalt mixed material. However, it is usually difficult to increase an amount of the polyamide
compoundethiisigied hibusnaaaeandns, mdmleghingptiieigslgaandercongyedad grarbltis limited
to about several % on $egbas' of % slghal in 10 vi%vglof |;a%ﬁ%ood WO%kﬁ%i”it of ﬂ(ﬁ resulting material.
In addition™ BYERHRAGHS HSHRG: "15 GritBtEwith O RBUE B RMIGEE SH6fERS to heat-mixing
and compaetio HRALIRIMENG FmavaraaNte heil be-miffichip moifpin yinnersailhaRolyamde fibers
over the pavement.’As a result, when oils are leaked on the paved surface, the pavement tends to
hardly exhghit & gidadDithncesistanes dratheroidihayaysph alethottdessribad e dds 3datB@4A, after
laying the net-work structure composed integrally of the fibers and the thermoplastic resin on a road
surface, treoapicatef e snatcathe bppirid ant ik thetapsrk stadedrasrhelemizt we paving method
requires a number of steps, for laying these.materials, resulting, {n probjems such as a,prolonged 20
aying tme B OUES TR OB, R B A L SR et B ASEMAlE e which
is remﬂVe'Yrﬁ%%ﬁﬂ)é.|ai@Q\éefe%lﬁ%}%ﬁﬁﬂ%?ﬁr%dtﬁé%é&‘ﬁ\é%t@&ﬁ@rét’&%@%@H&!Qﬂ@m and a
short period of time from beginning of paving work to traffic opening, and which is further capable of
realizing comstractiendf 25aobdeentdiat Ralaygrentexeeflentaiktesistans ehenpaar éigbrdurahiligy. 100061
On the other hand, there is such a proposal that an amide compound is used for asphalt pavement.
USP 6,786 0% 3dmcibeadle sanhalesmipbarsors Eammgntartad olapbih Hasc B diamide
comp%nd as ano%atlir-lsatltifgi%%la pﬁi %{UI\@MARY OF THE INVENTION [0007] 5The present invention
relate& to the Iilgllowmg aspe sﬁfan % fl] An asphalt mixture including aggregates, a polyamide
resin and §gpbat, wherein the polyamide resin has a softening point of from 60 to 150C, and is
compounded in an amount of from 3 to 90% by mass on the basis of a total amount of the polyamide
resin and the asphahdddtighAtpavings mksth&aharvciuding thegsteptbbdonspag tintheatpbakimixture as
defined in the abogve aspect [1]. DETAILED DESCRIPTION QF THE INVENTION [0008] 15The amide
compounddt8&h alinRasss BHEERLE é}gr}ﬂg}p RAEPOXY asphalt mixture containing an

epoxy resin having a relatively high oil resistance is used. The epoxy asphalt
25 mixture 1s such an asphalt mixture prepared by replacing about 15 to 30% of
asphalt in the ordinary asphalt mixture with an epoxy resin. The epoxy resin
used in the epoxy asphalt mixture is in the form of a reactive resin constituted
from two liquids including a main resin component and a curing agent. The

cured product of the epoxy resin is undissolved in oils and therefore exhibits a



techniques using an amide compound, for example, in Examples of USP 6,786,963, are in the form of
a viscous liquid material having a softening point not higher than room temperature. For this reason, in
the methods described in USP 6,786,963, it may be difficult to suppress occurrence of rutting when the
20 temperature of the paved road surface increases. The present invention relates to an asphalt
mixture caP:gibIe o%%ﬁlw ing an as halt pavement which |S(R)réavent§%from Suff: rln%from occurrence

of rutting an at%l?’sef Bred ggeglﬁna f&sH ighpgiy?&%l%gnceagbeec %é’lﬁ}%é aess %Wpavement

produced ﬁ%éﬁl%%%%l%ﬁ?@ Hﬁétﬂrﬁigﬁcﬂﬁ@ﬂﬂﬂgt%&%ﬁ{ﬁ@@%@éﬂVmﬁfﬁtfﬂ%ﬁriﬂ'ﬁ‘t %%‘i'fl%and can
be prevented from suffering from occurrence of rutting and torsional breakage even when oils leakage
onto the pavehentsedfapexgcecassnin addition, the present invention also relates to a paving method
which is capable of produci?% an asphalt pavement having the above-described properties and in

which the asphaltifiversentRaspemigsphaltepirfaeritfitard Paisact QPohiheISPR speed, and
the time required fr eginning of the pavi ark te traffic opening can be shortened. The
M - i R e A AR R e
resin with ggerematas b askpalitcad dealiFsna o enetiesr of Bntasnhaki Ravempi-whieb is excellent
in durability and oil resistance. [00091 Wolyamide Resin] The polyamide resin used in the present
invention isxctevedplaitic, theasisutivia g posoftesihg saimbsiire readtdobOCuttd palykaside resin
having a saoftening paint of lower than 60C js used, the resulting asphalt pavement tends to be hardly
prevented%ngffémﬁ@grm%é&]aé}%% fé}%ﬁ}ﬁ@%ﬁ iRl S WEREst whehrihERe PSR Ire of the

pavement FEES, %%LJ 99 "gﬁ L ok JhaRaly é@:‘iﬂi? fE3ishav QftERing point
of higher 1%t %% ?LISOC8 isggse ,%Egeogz)tgﬁé ags%%%?? m%( ur% tends to gxf‘% Qsa%ig%g%/?%o;ﬁ@ resulting
in poorovoskakiitytiiererpmpleiidgaen Ruracekland herssulbied dapbalhpdveaftiotopayifad to

maintain an adequate density and therefore tends to be deteriorated in durability. In consequence, the

softening paiAtastihE patyarhichr e sntie mecdsieb ih frdraffo: tepeadazan dimcteesréteralsty 20 from 90 to
130C. 101 The é)og@r}nf&e rzegzin used in the Pres%r;tt inventio§1 preferably has a melt viscosity of
2000 mPatRecREEY ASPHAALIME U 808 Hrifa TNy e PG ArnitiaPei ARARGAL HidRViscosity of
2000 mPaaﬁcﬁHSﬁ%P%H@%?ﬂ{fge%ﬁﬁ?’ 180C enables production of a pavement having an adequate
density and a good durability without deterioration in workability (for example, laying property) of the
resulting asphalt Axdure] fdre aaleiscasityepfithe pohadutalresinsasanmesdified aspBAIE is more
preferably 1000 mPa s or less, and still more preferably 500 mPa s or less. On the other hand, the

melt ViScositgtngd orpaniaunding stivesorla via sbetempesfavgbiyp s tsmamally stifore. The
polyamide resin haying a melt viscosity,qf 50 mPa, s or more can maintain.a d dis ibjlity
between tE b L TR T2 LR R e DAt B ot et R R Ry & the
p0|yamidea{§2§f{hﬁsl{3§%§%@ﬂe€€ éﬁ&%&mg@ Pé@if&rﬁ'%)é €9 FiR@ng 9&1@[‘@{%013[}%5@{1;5@1%"9
preferably 120 mPa s or more. Accordingly, from the viewpoints of a good workability (for
example, avglddet leyirg priopesph altthe vesdting adphadcaixtueasndlzegoodidisgersitiilidyt between the
polyamide resin and the asphalt therein, the melt viscosity of the 10 polyamide resin as. measured at
180C is prefsraBIyfisie 3036 eI RS CATSIe prefs apRAifid 86RB 660 sAPsdsredithore

preferably fr 0.t9 500 mRa_s and further still. morg prefetahly from 120 to 509 mPa _s.
Mean i T e B e e B ) B M einetnoa
according {RellsoK 23RIwkIe?, whereas e dnellfhviseeyiy hdhanabiaride sedinimay be measured
using a vibration-type viscometer "CJV-2000" available from Chichibu Taiheiyo Cement Corp. [00111

The polyamidéifesirmkphink the abdhe-degoritfed peopdeies maydhatethayohdifhbspbetirs as long
as itis in the form of a high-malecular compqund 20 having an amjde bond (-CONH-). For example, as
the ponarﬁ’iHEtr‘é%ﬁﬁ,%?éP%"r‘?Ey’ﬂbB%&&H% A4V P HASC BIDBTAI R LRI BREKDSNe,

aramids h \gggrﬁgn%r%g%g@gfpQs:ﬁi/%}ggg?ﬁ%r}gol%pther kinds of polyamide resins. Many of

these polyamide resins are commerci 5 polyamide resins having desired properties

may besreadily safectedithetefiiodhtiondhe Rawmigethsiishinay beisuallysbtathed by various
reactions such as a ring-opening polymerization reaction of cyclic lactams, a self-condensation
reaction ob&eweclasidshedderildeves thereof and a polycondensation reaction between a
polycarbo%%gfid and an amine compound.

On the other hand, various methods for enhancing properties of the

asphalt pavement have been proposed.



[00121 (Polyamide Resins Obtained by Polycondensation Reaction between Polycarboxylic Acid and
Amine Compound) The polyamide resins obtained by a polycondensation reaction between a 5
polycarboxylic acid and an amine compound may be produced, for example, by the following method.
Examples of the polycarboxylic acid as one of the raw materials used in the polycondensation reaction
include divalent cgrboxylic af'dﬁﬁ%-q?:?(ﬁd}{p('ﬁsa?'d’ sebacic %Id dode ar*ﬁilmc acid, phthalic acid,

isophthalic acid, e?ép% falie 10" acid, succinic act ,Sa(ﬁﬁenffl %lueccfr)ﬁ%lgc‘l}gisl pr@fé’r%'ﬁha}iihose alkenyl

succinic a?fﬁa%&ﬁ'&‘la!ﬁ'?ﬂq alkgnybgros-haying %E‘i_’c%oi%ﬁt&ihé&‘a ] cQHE‘ﬁfg?&'%éior example,
those dimer acids obtained from vegetable fats and oils), cyclohexanedicarboxylic acid and

naphthale bediddedxyticnagtade antytrivadenfibarsdxylicnacidfilseicd iasik; @4 dfelz gme-wichrboxylic acid.
15Examples of the amine compounds as the other raw material used in the polycondensation reaction
include polfalicedoBistineeElBsRARRR kit ioniie dratiialdpeanaeraMIBa B the polyamines

include.aliphatic diamines;such as ethylengediamine. hexamethylenediamine and propylengediamine;
aliphatﬁ: tr%r%l%]gg %uac%ga?%l%?é)t%%/ ent ef}r/iglrﬂﬁariel?{gr{)nnﬁg ic 20'¢ d%gré %epsﬂégl}gﬁn%e%@%?]%ﬁ%fsﬁne and

diphenylmgtiang-digpineiansealiovaliccidnieassphchtas Ripgraziterand isophorone diamine. Specific
examples of the amino carboxylic acids include methyl glycine, trimethyl glycine, 6-aminocaproic acid,
framinocaprylic atidwederciprolzntatly SpEifittdxampites sf tmesaminotaddisi pirismedsthanol
amine and propanol amine. 25These compounds ysed as the raw materials in_the poJycondensation
reaction W%&ﬂ%% TR T ot ﬁﬁ'@fg%ﬁmf@é@;ﬁéﬂ‘lwg’rﬁ% thereof. The

above polyeabaxyli AcE;and L‘ﬁ%ﬁ@%"t% SPOREURIS I3, %%%H@%&tﬁg_ 55y ERQ%%BE%H?%
(polycondensation) reaction to obtain the polyamide resins. The production conditions of the
polyanidevisinsfal ¢ e arinachisildgtat hrecialaieri {8 dler{Rolyamig@dResi) e dainashby
Polycondensation Reaction between Carboxylic 5 Acid Component Containing Aliphatic

Monocarbbikglieshbial b aermeiymeaded Hatth eAGlr aarsdpahima deenkiectshtaihierf Poisangine)

In the present invention, there are, preferably used such. pol ide.resins which.are obtained by using
oy T S B URB AL G B ATTE R o Rl DB TR AR 2 SOALGs e fatty acid
in place of the, ahove,tQ,BRITAIRO MG RUIANhUSAY AR ATine LOMPONGRT GALAIBING g-Rolyamine as
the above amine compound, and subjecting the carboxylic acid component and the amine component
to condendeadikad eaction pavedhaiafxeve (e yamide sasinanake tiehdibd fpurt ibiba thwsbdghpable of
satisfying desired properties including the above softening point and melt 15 viscosity as required for
the polyarirfdsiedisaisel yntherptasdin pvantomathansletrehed br e Selgai0dmiddtatsins can
realize pr uctior]cﬁf thetgs% It pavement which i%lfur herg}rlevetnfgd Fgm suffed;i from occurrence
of rutting and topsional brea %gé,%c YUriieranianced SR'Gi reSistdiice. For ae&amp‘fe, when the

aliphatic meposaspexic Asisi2pd the.2Q BabmEriZed aipradidarecusst as-theisarppryic aeid

component, the resulting polyamide resins can be readily controlled in melt viscosity. In general, when
the proportioa ¢ thelpsiatictmoeocdibersforacit énpiive ngrivetliclacid wesypamenhineredses, the
melt viscosity of the resulting polyamide resins tends to be lowered. 25 [00141 (Proportions of
Aliphatic MEREEPEORYRRAHRS shEn Pk 28 BB AR bspRuRbeR)2s 2 Prelepafsbunding
propo%onfaof1 thetie}llir%hatic monocarboxylic acid and the polymerized fatty acid constituting the
carboxylic agidlgompohent of the polyamide resin are preferably from 10 to 50 mole equivalent % and

from 50 to 90 mofgeEutivilest ¥rdeanfatily, ANthBER RrefgaRM froprbQite3thnglshagtivalent %
and from 90 to 70 mole equivalent %, respectively, on the basis of a whole amount of the carboxylic
acid componshurs|w hiditisretlwivatyoediti beldiconveoremadaguafsccontinab e dvaetages

such as a high laying speed and a short period of time from beginning of paving

work to traffic opening, and which is further capable of realizing construction of

25 a pavement having an excellent o1l resistance and a high durability.
[0006]
On the other hand, there is such a proposal that an amide compound is

used for asphalt pavement.

USP 6,786,963 discloses a paving composition containing an amide



carboxylic acids in addition to the aliphatic monocarboxylic acid and the polymerized fatty acid.
Examples of the other carboxylic acids include aliphatic dicarboxylic acids and aromatic carboxylic
acids. The other carboxylic acids are preferably compounded in the carboxylic acid component in 10
an amount of from 0 to 40 mole equivalent % and more preferably from 0 to 20 mole equivalent % on
the basis of a wholedamoHnt of the caré)ox lic acid &omgonen{._g 01511(1Ali£hatitc Monocarboxylic Acid)
15As the é?ﬁﬂgﬂgrrlno%%%ar%sm%y 1ok-tel ,etﬁe?[l g}lenprgfserébfi/nulse };ﬁ’r‘ﬁh IC %ﬁgnbcarboxylic acids
having 1 to 22 carbon atoms, and more preferably aliphatic monocarboxylic acids having 3 to 20
carbon atoms. Also, the aliphatic monocarboxylic acids may be used in combination of any two or
more kindStHBIADARY thi§ dAldd; ENVXINEIE) Mhe aliphatic 20 monocarboxylic acid having 1 to 4 carbon
atoms and the ajiphatic monocarboxylic acid having 12 to 22 carbon atoms is preferably used, and a
mixture of W@OJI phatic monocarboxylic acid having 2 to 4 carbon atoms and the aliphatic
monocarboxylic agid having 14 to 2Q carbon atoms.i referably used.25 using such a
mixturegof the ali?)#]}é%ig %@lso%(l)%cé%g)?%/ |%na]€:?g%%%sp %(%}ZI%L%%}%%%? rﬁ%sr?ﬂgc]a?g\g(@%]g acid singly, the
crystallinitydf therasyiing pelyamiden@sitisd aweredasey] thpcioHaniang Reint ahthafMvainide resin
is readily controlled, e.g., may be reduced to a temperature of 150C or lower. The mixing ratio
between tivehatiphatib erovlyeanbdxyiesiacitblsaisefterong parbdniaioms ehdaisaliphatid is
monocarboxylic acid having 12 to 22 carbon atoms in th%mixture thereof may b conégilled such that

the former°RRPRHRASHIRAR ABRBEL 18 2ctqRre BretBAssIy BrdkeRR S SUIRERSF from 10 to 90
mole equi\éq,l%ur% gpgqggjglgg&qéeolr@ﬁ ;?HHii’ﬁ‘{eeQEO Sgspectively, more 5 preferably from 40 to 80
mole equivalent % and from 20 to 60 mole equivalent %, respectively, and still more preferably from
45 to 76 ole equivatent Mahddromladie?thmeteeafidatan dneshectvsinl Omtixebasis of a whole
amount of the aliphatic monocarboxylic acids. 100161 10Examples of the aliphatic monocarboxylic acid
having 1 telefiredan shemdiveds®edetid acid, propionic acid and butyric acid. These aliphatic
monocarboxylic acids having 1 to 4 carbon atoms may be used alone or in combination of any two or
more thereof. The aliphatic monocarboxylic acid having 12 to 22 carbon atoms may be 15 either
saturated @ypsaivrales IR@Mes oNhsFat pieelipkatieygonocarboxylic acid having 12 to 22
carbon atoms include lauric acid, palmitic acid, stearic acid, arachidic acid and behenic acid. Examples
of the unsabE@$Ed aliphatic monocarboxylic acid having 12 to 22 carbon atoms include oleic acid,
linoleic acid, linolenic acid, eicosenoic acid, and mixed fatty acids 20 obtained from natural fats and
oils (fdPexample, b 6iMfids GerRoviRdLraabITdity serccRbpBad etfattynecitRgand beef tallow fatty
acids). Th%sehfaliphatic monocarbOX)éIic acids h%%f;\ 12 to 22 1car.bo atom(j ma}(ﬂfstgsed alone or in
combinatiof of & §/l W0 or more Whereof 10HH o‘ff/(rarllrélrngdlf—la )f/a,&%P fs e polymerized fatty
acid constiguigg e CRFRVIEAEIgRIPRANEAS S thaureyarpideesinis @ palymelinbiainad by
polymerizing a monobasic fatty acid having an unsaturated bond(s) or an esterified product thereof. As
the a monabadicgfatty Acic raving em pesaturate dfrond(s) riverenmay the nsthlyl sisledcfoveakample,
unsaturated fatty acids with 1 to 3 unsaturated bonds having 8 to 24 carbon atoms in total. Examples
of the unsam%%% FafSPais Hhcnie ReedatheiltitoripRiass peeErRsSI @Y R EbeRReor
semi-gfyin%oil fgtt &%édsf {EhxeameR;g of{;tl 83 rggelgl(?rroa(ljsue%t of the 5 monobasic fatty acid having an
unsaturate rt?@né%) incllide 6sters of the Monobasic a(fty acid having an unsaturated bond(s) with an
aliphatic alcohol, Prefesaiuwith ashalinhatin aleohoh HadpH 1§03 GRIROBAIANS of priveiRelymerized
fatty acid in the form of a polymer of the monobasic fatty acid having an unsaturated bond(s) or the
esterified procsohthbreefempréferhbih comeimsrzt einiertherdtdan @ firain compemeratofor example,

Paving 15 EADOH & EHTICL 0 ESHEL B 51 b ESEL09 ) TS -« HBRORHE Sl heving 18
carbon atoms (etemen. e8Pt masa ol dilc ard eving AP cabon Alams (dimen

and 30% by mass 15 or less asic acid having 54 carbon atoms or a ic acid (trimer or
highepsrdgiveamen) is free from fracture and can be prevented from suffering from

occurrence of rutting and torsional breakage even when oils leakage onto the
pavement surface occurs. In addition, the present invention also relates to a
paving method which is capable of producing an asphalt pavement having the

above-described properties and in which the asphalt pavement can be laid in a



[00181 (Polyamine) Examples of the polyamine contained in the amine component used 20 together
with the above carboxylic acid component include aliphatic diamines, aliphatic triamines and aromatic
diamines. These polyamines may be used alone or in the form of a mixture of any two or more thereof.
Among them, the amine component preferably contains the above respective polyamines at such a
mixing ratio that t liphatic diamines are 25.present in an amount of from 20 to 100 equivalent
o, e e TN TN BT e S A SR o e T SE o8B0 mote
equyvalen_tb"é%ﬁﬁﬁh@ Bﬁ%%é’y‘i’}‘{?@o@w% @%ﬂfi@%ﬁéﬁ'ﬁ?g%ﬂﬂ@ﬁ@&rf@%@dpreferab|y at _SUCh a
mixing ratio that the aliphatic diamines are present in an amount of from 50 to 95 mole equivalent %,
and the aliphatic ¥izenpreseatnchoeherarbmatitodiadnthes are grpkeht iniatiampuepafdDlip 5 mole
equivalent %, on the basis of a whole amount of the amine component, and still more preferably at
such a miGiAe PRI HREReSRISHAtE A¥ANHES BraiprBdehtaressrhotANG rdthald oAbk

equivalent %, and the aliphatic triamines 5 anchoy the aromatic diamines are present in an amount of
7010 36 P R B T e ™ tion,
among the-adiphatiedriamines and the aromatic diamines, preferred are the aromatic diamines.

When using the aliphatic diamines in combination with the aliphatic 10 triamines anchor the aromatic
diamines, tA8@8kulting polyamide resin can be more suitably controlled in softening point and melt

viscosity. or ex@em%%ié\ghen the content of the aliphatic triamines or the aromatic polyamines in
the amine L;P i es, the softening point of the resulting polyamide resin tends to be

lowered. Wherea@h\g %q};gﬁlﬁggﬁggﬁqgsgég?} jﬁ@%g%ﬁgﬂ%ﬁgﬁ%%w%% increases,

the softening point of the resulting polyami 019 The above

aliphatie digiginesaaiapeetrabhitizopeihavntr@nosd earbpo°@om. £xamplasdef tasialiphaticediamines
having 2 to 4 carbon atoms include 20 ethylenediamine, propylenediamine and butylenediamine.

The aboveaatiphenivngianink sidensetdan§Ahose haoihd Raa@ eiinehasnadt PRIATPRRtOf the
aliphatic triamines havjng 2 to 8 carbon atoms include diethylenetriamine, dipropylenetrigmine and
CibutylonctFEHE.De TReH AHSE A B i HaC Bl PerEr A TG AT B0 Fhrbon 25
atoms. Examples ehihe s arpaticifungsPaMing Giohé cARAR Alems iR dR rdylenciamine,

diaminophenyl methane and phenylenediamine. [00201 In the present invention, the amine
componenthuay alseccasiasothe dfrepalyineidennpomnehis/ingddibfie toribepahovefdlighatic diamines,
aliphatic triamines and aromatic diamines in an amount of from 0 to 30 mole equivalent %. Examples

of the thdhamihe Cémipdriaststihe abtaiinp fip hidhsahsivgs kenfyte axhibirsohigtbms, trivalent or

higher-valent aromatic pglyamines and aligyclic polyamines. 5Specific examples of the aliphatic
e DO R R T A e P S e e

Specific exaginlen ShmUTIYIaTEAIGINEEY ANt SIAMAIG ROMR MRS NGNS grgmatic amine

compounds having 6 to 10 carbon atoms such as triaminobenzene, triaminophenol and
tetraamindierzéne. tsisacifleeekatmnias ofdha alioydidipplyabnices seqlueecalithelisoftdyangnes
having 6 to 17 carbon atoms such as 1,2-diaminocyclohexane, 4,4'-moethylenebis(cyclohex%)/l amine),
4,4'-methyRspebi{ihampbyrBidsyeatine preleralin frone Hid A ichaskyrarsime s tara bly
1,8-di%nin8ng}%t%nc% {%%2(13] 15 (Production of Polyamide Resin)

[0010]

The polyamide resin used in the present invention preferably has a melt
viscosity of 2000 mPa-s or less as measured at 180°C. The use of the
polyamide resin having a melt viscosity of 2000 mPa s or less as measured at

25 180°C enables production of a pavement having an adequate density and a good
durability without deterioration in workability (for example, laying property) of
the resulting asphalt mixture. The melt viscosity of the polyamide resin as
measured at 180°C is more preferably 1000 mPa*s or less, and still more

preferably 500 mPa-*s or less. On the other hand, the melt viscosity of the



The polyamide resin used in the present invention may be produced by subjecting the above
respective raw material compounds to condensation reaction under the conventionally known reaction
conditions. For example, the carboxylic acid component such as a monocarboxylic acid or a
polycarboxylic 20 acid and the amine component such as a polyamine compound may be mixed with
each other at a mole equivalent ratio Sic rboxylic.acid component/aming component) of from 1.0/1.2 to
TIL.0, arP R e e S e et ebie 1 JUBlek o e
ComIOOnenﬁ%l‘?a@ﬁl’&@?éﬁfﬂpﬁd@ﬁ%'%Wn'élﬁh)?s%ﬁ%ytbf?5@%@%‘@6@%8@@6&'&'&%‘1@1&5@%fop“ate|y
selected, and the reaction conditions such as reaction time and reaction temperature are suitably
controlled go@bthispasobyityidetesiarhtivingodipsired prepartesdtisharmdtetisticErfi02Re]Asphalt]
The asphalt used in the present invention is nogpf%articularly limited, and various kinds of asphalts may
be used inStHE HIESEHRIHVe HSHEKAIIPasiSY tethsprpl ineidae st gr merars hahefbiéum
asphalts for pavements, aswellas golymer-modified asphalts produced rnf)ﬂb ing_asphalt with a 5
polym§ mlgtg}f%ﬁeirﬁ:ﬁﬁcﬁ'ﬁ%%allyteféebrrrﬁl(?[ﬁassti%re%%{gmaer}%lﬁ%q?ansl Oset?/ ]rfézte rl?tqgiaiene fk))%igﬁl c%)f))glymers
(SBS), styggpgdisoprene block copolymers (SIS) and ethylene/vinyl acetate copolymers (EVA). Specific
examples of the polymer-modified asphalts include polymer-modified asphalts of Il type and
polymer-modifiedAasphditsgdy Hitgpetho Eiewplostofod miaed tyoeksflsithidlofnexamrebf, ssphalt and
the below-mentioned aggregategi clude a dense-graded asphalt mixture, a stone mastic. asphalt
(SMA) mi@BPgi&ﬂﬁlﬁ%BFS%% wmmﬁaftfﬁegg%a%?gmmfnd a?ﬁ@@ﬁﬁgﬁ%@ﬁﬂé&%

ed in the

present inyeqtion aengltarigRrb imteda 1hend may e artianaly selsetaddiamcpyshed stone,

cobble, gravel, reclaimed aggregates and ceramics. e present invention, other additives may
also bgycoprpandad irthe agaregatasdireqsved.iDpeak2QAshbal SHXxsEI00 niPihe asphalt

mixture according to the present invention, it is required that the compounding ratio of the polyamide

resin lies viitbie thieeteradoffeamad to IR biniiass, sitithenbasipustarady dreouSOoia®Polyamide
resin and the asphalt. When the compounding rati (.);t(the lyamide resin on the basis of 25 the total
amount of BEb A CUSATH SH 8 SoBHETF RS TR 558 1) TULSB R esulting asphatt mixture
may fails to exhibyaspfficient ieciatimproune 3 gl soisianaahan -Tap slias libeapolyamide
resin compounded in the asphalt mixture beComes more remarkable as the compounding ratio thereof
increases.bhenetoges iidebadhpotinstingcraiidinisthe JiSIaRid re860isvieierabihb¥mblt mass or more,
more preferably 10% by mass or more, still more preferably 15% by mass or more, and further still
more b?efé?@ﬁ%ﬁm%fﬁél?nﬁ@b’éFlﬁf%fréf,eémtﬁ@ﬁd&%%ﬁﬂ@@%t&ﬂ&iﬁ@@%‘ﬂﬁ@%ﬁfmde resin and the
asphalt. 50n the o her,,Eg?ﬁg_ N whe ompoynding ratio.of the polyamideg, resin on the basis of
the total ar‘r]%ﬁ(r)\?lgf% fife polya?naé%énrgg%ngn et%]éoasgﬁéll‘fiilsl%rh%?g an %8& ?/nr%gsos]fp(he effect of
improving gyn @i resistance of the resulting asphalt mixture tends to be no longer enhanced
corresponding to the increased compounding ratio of the polyamide resin. Therefore, such a high

compound 10 ratibhef théypohidmidsnedin vaigdhte nde te -de ecdnainicalbe dissdventdgeausngand there

might occur such a risk that the asphalt pavement obtained from the asphalt mixture suffers from
deterioratsd ABNEM ST EHETBER ATABS SEdfatkIRgEhA %&i@%ﬁihﬁ%‘ﬁ}&fﬂs&laﬁ WRBRELthe asphalt
mixture must he subjected tq heatin nixing treatments at a higher temperature than usually used
for 10 e e T S e B e
which tends g indluge dest dielarioraion ATNB IRRlREKER fe51as FURRBIMAIANIRN Hig gRunt of the
polyamide resin compounded becomes large, it may be difficult to compact the resulting asphalt
mixture, shthanthewarkabilfiy sleletaying thenaspHaickiirture dentisao e detefipoiyadnide20
consequence, the compounding ratio of the polyamide resin in the asphalt mixture on the basis of the
total amoufitdfthe polyamide resin and the asphalt is preferably 80% by mass or less, more
preferably 70% %ﬁ'?? , St 0 r and further still more
preferably 50% by maszjglrall%éé. é(%l#%%ﬁtﬁe{v% (%g%f%gv{)%g%%glgoﬁgggné?hﬁ?ﬁo of the
polyaidegelsianm deerasiphal avixugels préfprapbriienhdp BOYehililyasscttotet pealefially, from 10 to
70% by mass, still more preferably from 15 to 60% by mass, and further still more preferably from 20
to 50% by mass, bhatwbasizide trstotamsidint et iy poiyamidklresiaaadstmeasphaitsuch

as a ring-opening polymerization reaction of cyclic lactams, a self-condensation
reaction of amino acids or derivatives thereof and a polycondensation reaction

between a polycarboxylic acid and an amine compound.



[00241 The function and mechanism of preventing occurrence of rutting and torsional breakage on
the resulting asphalt pavement and enhancing an oil resistance thereof by compounding the
polyamide resin in the asphalt mixture 5 according to the present invention are considered as follows.
In the asphalt mixture containing the polyamide resin having the properties as defined in the present
invention,iasﬁélyamide resin itself can exhibit a property of being undissolved in petroleum-based
oils. Further, the polyamide resin having the specific softening point is apt to be uniformly 10 dispersed
in the aspltplf bR WREMIUDISEIRG dheyasphal sy e Rating gA% SR reatments.
Therefore, when compacting such an asphalt mixture in which the polyamide resin is uniformly
dispersed Rbly@odsilid o Acmhplatk AoristeuCtiorpofithd asphalt pavement having desired properties.
As a result, the polé%mide resin is allowed to be uniformly present over a surface 15 layer of the

asphalt pavement & RRRFHHABECSHM GP b ihROshiFr AdeOFar ek HephrA BOSHRSHIMESR e
protected by the polyamide resin. That is, since deformation of the asphalt pavement due to vehicle
Ieignts caro b B D e B A A e e i
resistance;ifdsg1onsigeregkiaidhe asphalt pavement is prevented from 20 suffering from occurrence
of rutting and torsional breakage and can exhibit a high oil resistance. Thus, as the concentration
of the polyamide Fesimphistofsthaiforindpdiopaiseddndthe sudatd heyerwitimt agphalgalement
increases, the oil resistance of the asp,halt_pavementc@er;l be enhanced. S,pecific%\l/ly, th&etfect of 25
ﬁéﬁl 1C

improving tR& BRPFEGBEHRIAGIM S SRR PR AT RIS BecaiiRamy e acHH 2

compounding i gLG REVAMOR IRARIN A SRNA e a8 hebaRIS B " ek amaunt o the

polyamide resin and the asph es 3% by’mass or more, the e'cons

enhaneed ydensihe:Gompend)dingetatios atthei p ayidyiga ¢asinbiytiecasphidemiktiecom¢he basis of
the total amount of the polyamide resin and the asphalt reaches 10% by mass or more, the effect can
be more rétigkkaphtaiiiagced allienyhawompoundiad ttid brarbportanidd isieiratidsadonalt
mixture on the basis of the jotal amount ELthe amide resiE]'ar}%the ﬁ&phﬁg reaches 15% by mass
or more, afrortie Sillt B HiGHEPEFAT C5 P BEAPRESHTIRIREHIHE ELiH BTG ratio of the polyamide
resin in the asphalt Midie:M HePasia Ails iR ATIRHALRTPS RONARUSE IEsinRRhiBg@sPhalt
reaches 20% by mass or more. Meanwhile, the term "uniformly dispersed" as used herein means
that the asph@lbxyiktuseidskeptlinag ariidrindy cispetsrdstaieytis acidhole. That is, 10 strictly speaking,
the asphalt mixture containing the aggregates and various asphalts is incapable of exhibiting a
complEtely uniforfipBiepesddBeateninecerargiynistae Hresdmenvantism piaalirsthi: dipersed
state of the aﬂs hal mixtt,ére mean such%c ndition in.which the respectiv compé)nentd% are
approximaké Q’F‘:i%i ormiy diSpEFEET T the asphalt miX Jr%‘?%é‘fﬁ&fé%i%r%’%%ﬁoan% of ReSpective
Components, GRmnasiiied ishspirRlMbHIIR of thdheBepiaeMixteef g RAgRENt invention, the
ratio of an amount of the aggregates compounded therein to a total amount of the asphalt and the
polyamidedesim sesnpoinde e theteireidi aoti partioestaryeliytec candmay be @0 usually determined as
follows. For example, the above ratio is preferably controlled such that the aggregates is present in an
amount of FFORYYBRABEIAIBG: Atk it tHa mipAar i IS slaR drnpR s aHamatistal amount

of fro tq.15% by mass, and more preferably controlled such that the aggregates;is present in an
ot of LA S e B R S e B R R A RIS E G
amount of figmi3¢3 3% R PRRSazinMeaaudish sherompaunding spleiatasphialbliestbethe
conventional asphalt mixtures containing aggregates and the asphalt may be determined by referring
to an optinaumraspheboaiouatiolstaivdddeometiyinglyaine, andieekidretfosphalt Mixture” as
described in "Guideline for Pavement Design and Construction” published by Japan Road

Associatiof, 2 IHQGABTRESHE R ERBH R EHG R bRl A RIPRMCABunt RS TELbonds to the total
amount of t yamide-resi | It and the
polyamideér%gsllﬁﬁggr%%%%ég in éh@%]i% 15&%@}%{5%2%%%@%% gggﬂrﬁé@c}& %%%ﬁgggh an optimum
asphatsamount. Thddeweaioasdsnadenefiteuras the toatied otHetpsNicind dhesiveunts of the
respective components in the asphalt mixture is not particularly limited to the above method as
described ie2Gitgelire fbe Peseentiviebesips aldreonstrubhie norandfthazioustolofitetieepactive
components in thﬁ asphalt 10 mixture may also be determined by any other methods. 100261 The
asphalt miaré 5REHEPresent invention may be used in the form of a heated asphalt mixture
containing substaﬁﬂgl%ggé/\%gcﬁwgy@s&% lé?ﬁ?tﬂé@%f%@’c%ﬁﬁ;%?ﬂﬂcﬁsmt%ixwre which is an
asphalt emulsion 15 prepared by compounding an emulsifier or water into the above asphalt mixture.
Among thessaspbdltonisiuiessptasartedlicctialbaaieibasphalitivixttye bontaithegslpsitantially no
water. The heated asphalt mixture is produced by heating asphalt and aggregates at a temperature of
from 140 to 180C, and therefore contains substanti_a%y_no water. The heated asphalt mixture is thus 20
produced and used in a temperature range which is different from that for the cold mixture in the form
of an asphalt emulsion.



In the asphalt mixture of the present invention, the polyamide resin is apt to be uniformly dispersed in
the asphalt mixture. Therefore, the asphalt mixture of the present invention can effectively exhibit its
properties when used 25 in the form of the heated asphalt mixture. 100271 The method for
producing the asphalt mixture of the present invention when used in the form of the heated asphalt
mixture is ot paricyarly imited, and the asphalt miturs of ha present inwention may be produced by
any suitablé méthods. “For example, the asp alt ik of the present invention may be produced
according fr@ny R&dinary pethod for producing asphalt mixtures containing aggregates and asphalt.
In this case, the temperature used upon mixing the aggregates, the 5 polyamide resin and the asphalt
is preferablyHigher than the softening point of the polyamide resin. More specifically, the mixing
temperature is preferably in the range of from 100 to 200C, more preferably from 120 to 200C, still

more prefétNArederRosa e $dtamerilee qnndsrsprirar Rapatian hetrtsersberhondihe
ifi dugtj th b d th ti | f ti f halt
specilig pr c&jﬁt@%ﬂr%%ngrgt fstema \ F%Pﬁ?%ahce e%%‘g%gﬁfgqq% rf]{‘c‘fr}glﬁ% ao{{cPiP?cig{]‘;ﬂgﬂzoeoﬁsp a

mixtures which | WnN as a So-Calle antmixm N wni Step o IXINg aggregates
with asphaita the ReliamideAasindfob aysinple T e foim efeelaiaimeay be charged together with the

asphalt into the aggregates. However, in this case, in order to melt 15 the polyamide resin, the
aggregates is prefertitypprseiotishyhssien, thaleigirerieehiperblyrestdrucualyyasetlfoesiesmple to
180C). In addition, the asphalt and the polyamide resin may be previously mixed while stirring at an
elevated téh%‘éha%fr‘e9‘?6?!és&4rﬁﬂéa%flg L RPOIRIRS SC1BETR HGRE CUHGTREIRAL thus heated

mixure eyt AUSHIEMIGRG Melbodkng oA AasErhed abaye, e pieliog BLpduEno the

asphalt mixture by compoundi yamide resin thereto, yamide resin tends to be exposed

to the @levptegctamperitieridl isnequiied Anak thineleyaiperientpeiatdiaisseatioladtighes yalue as the
compounding ratio of the polyamide 25 resin increases. Therefore, when the compounding ratio of the
polyamidettesmbiercectiven e thenzpphail. it seisestpas éHec arhighdraamideroropeaemtthackfore tends

to suffer from heat deterioration. Such a phengmenon tends to occur more remarkably as the softening

point of th&HoRBHMEE BRI RERH IOLBHER IS eactiffine present invention, the polyamide resin
used has a relativgly, '9%%%%135%@@&&ﬁlﬂ&%%&?@é%fﬂﬂ&&%%f {heJealyaige sesin in the

asphalt mixture is preferably reduced. Therefore, the asphalt mixture of the present invention is
capable ofsprayging d@aecdppraroetibwhichudiiige froabbhessfietargratiaon {0(P8le[Paving Method]
The paving method according to the present invention includes the step of compacting the above
asphalbmixtaresitolatie Paved v thedd elremiding she usphan MistaressTth&zdaninvention in
which the abo olyamide resin is compound, the compacting,step may be carried out using the
zame lay T H R AR o Do AL TGS B8 (AR ) Hrm iy S ARt e

temperatuf?aHQHféﬁQWB"i‘&tﬂrig fﬁ?tﬁ%?*}ﬁﬂ'éx'?_@%ﬂél%?ﬁﬂ?ﬁ%Hﬁ%@i%@ﬁ)ﬁ?(@éﬁlﬂ?g&@%ﬁtﬁ%ﬁ . alt .
mixture is preferably higher than the softening point of the polyamide resin, and more specifically is

preferably drodrt d80dn200€a kegre, predefatii droen 1 20ded 11806 lard istil meere preferably from 130 to
170C. According to the paving method of the present invention, it is possible to realize construction
of an asphalt pavEﬁ’Feﬁ’?f%K@ﬁ:W HQ%ﬁHW&ﬁIW&HG@@WQ&% @ dithgidition, in the paving

methaqg of the present.invention, the asphalt ement canbe constructed in latively; facilitated
ey et R L R e S BN RS ening

can be sheygeneshidd FXAMMRAEBdQ@33Ty controlled in melt viscosity. In general, when

the proportion of the aliphatic monocarboxylic acid in the carboxylic acid
component increases, the melt viscosity of the resulting polyamide resins tends
to be lowered.
25 [0014]
(Proportions of Aliphatic Monocarboxylic Acid and Polymerized Fatty Acid
Compounded)
The compounding proportions of the aliphatic monocarboxylic acid and

the polymerized fatty acid constituting the carboxylic acid component of the



Next, the present invention is described in more detail by referring to the following Examples.
However, these Examples are only illustrative and not intended to limit the invention thereto. The
properties and laying workability of the asphalt mixture were evaluated by the following methods. (i)
Marshall Stability Test The test for stability of pavement was carried out according to "Marshall 5
Stability Test" descyibed in "Handbaok of Pavement Inyestigation and Examjnation. Methods"
ublished B SALA G NS BIAR A ) VTHEbILD Lok g TS A S g 1 0ep (B Ehdfed out
accor(_:l Ing &) M@l@%qﬂﬁ%ﬂ%%%é%@&ﬂb@ﬂr!%MMQ%QE&W&M rl\(?%'%@t'ﬁ{b&nq
Examination Methods" 10 published by Japan Road Association. The limit value (upper limit) of
measurenmaniivhéetesting wé ficeru96d inihenabe ee testleas 630@8Fretuatyiesinthe K3kBerfding Test
The bending test was carried out according to "Bending Test Method" 15 described in "Handbook of
Pavementanvbelig 2B paHPE b aaher lie iodse PuBREISEd-by Japan Road Association. (4)
Torsional Resistance Tast The torsignal resistance test was_cayried out accerding to "Torsional
Resistgﬁce Test Me do(gflggéén Sed in "Frandbook of Pavernent gg |%§88l#1a611% %%@ae%ination

Methods" paitiskeBOyIapan RoadiHs3eaBH 1 ihhKerRsaNR Avvpeigiendidsh favaldation of Oil
Resistance) The sample (asphalt mixture) was immersed in kerosene at normal temperatures for

24 h, and tEnsebjectbthtdtreabovB xespeetvel tdstoth ewahrdtexylaperids theledé 25 (6) Laying
Workability .. . The laying workability of a sample (asphalt mixture) maintained jn a 150C heated state

when conStHRRRE APSIEPRESH AT He AR RAR RGP MY BB wad RVAIIME according to the
following ey, ion criteria, < j riferia> : r i&%@g ability of
the samplgaglg:%gr%}c? éé?gg\n%gn}? topgggrllgrde{)ﬁégﬁg&%?gc}eé\é gggﬁfﬁ%%@ (gn t elggrrlgggwas
adequately sARER DS from BiSamendilficiialeytng thedappleprecersedyanda layngome
thereof 5 was prolonged as compared to general dense-graded asphalt mixtures. C: Poor laying
workabilitynef e sarmplerscusie dheshssrpel edvib elerrrahdeh ek iy datbasphisiagiktures, and the
sample was difficult to adequately compact. [00301 10 EXAMPLES 1 TO 5 In a mixture containing
dense-grafedBYRFEYates and an optimum asphalt amount of straight asphalt 60/80 (dense-graded
asphalt mipdgre; hereinafter referred to as "dense-graded StAs"), 3% by mass, 10% by mass, 20% by
mass, 40% by mass and 90% by mass of the amount of the asphalt were 15 respectively replaced with
a polyamida hpiRednifense34b0x givailadiié) from Kao Corp., which was produced by the following
method, to obtain various raw material mixtures. These raw material mixtures were respectively mixed
in a miRer at a tedpéha b RIddR MBI lEoT lEmridefhesmpreRipira bdmpeesdtalenbrfism 135 to

145C to obtain asphalt r{lixture f Examﬁ?lgs %zto 5.,20 The thus oﬁtained asp alt nfixtures were
o%)car (0):¢ fC acl S(?%aYln% f) carbo .atorﬂs ana more pr erabér .
evaluated Tor th&ft TOPMUlSton, intia properties; properties after immersiorn in'kérosene and laying

workability, Thg a8 Uit se-3neupiin JahieHaNeanwhileo he-BptmtEmasphalt amount, mixing

temperature and compacting temperature described above and in Table 1 correspond to optimum 25

asphalt amount, ddtimutrenilplgaienpenatdosetzog, bptinuds compactingdempenabuna tiespectively, as
determined according to "Guideline for Pavement Design and Construction”. <Method for Production

of PolyamfeYREWPA %Qaqﬂfb]b@ﬂfége{ﬁ@feofgl this case, a mixture of the aliphatic

20 monocarboxylic acid having 1 to 4 carbon atoms and the aliphatic
monocarboxylic acid having 12 to 22 carbon atoms is preferably used, and a
mixture of the aliphatic monocarboxylic acid having 2 to 4 carbon atoms and the
aliphatic monocarboxylic acid having 14 to 20 carbon atoms is more preferably
used.

25 When using such a mixture of the aliphatic monocarboxylic acids in place
of the aliphatic monocarboxylic acid singly, the crystallinity of the resulting
polyamide resin is lowered, and the softening point of the polyamide resin is
readily controlled, e.g., may be reduced to a temperature of 150°C or lower.

The mixing ratio between the aliphatic monocarboxylic acid having 1 to 4

-10-



The polyamide resin A was produced by subjecting a carboxylic acid component containing propionic
acid, a tall oil fatty acid and a polymerized fatty acid ("HARLDIMER 250" available from Harima
Chemicals, Inc.) and an amine component containing ethylenediamine and m-xylylenediamine to
condensation reaction. The contents of the respective compounds in the 5 carboxylic acid component
were adjustedbsuch that pro&iﬂgléc riu:i nd the tall oil!.fatt .acid yere

C n atoms a all 1C_MAanocarnvoxylic acl I{esfg;%rl})g t(:‘oata{)glq]ount of 0.25
mole equivgllén? hAEHRS pglymerizecp it y acCid was present in‘an doumt 6f 6 75' Foie equivalent per

1 mole eqlémhﬁ’ftm?xﬁ?{%i‘é’ E%@fé@%ﬁ%%n%ﬁ@ﬁ%d@ﬁ ERAtEINS Rfﬁ&ﬁ%feﬁﬁ?%i%r _
compounds in the amine component were adjusted such that 10 ethylenediamine was present in an
amount of 1igh atoteneguivaldntahc meiddyderqdiafaind lygs-pseaenhin moane wftfod . 14 nwole
equivalenr:?per 1 mole equivalent of the amine com§onent. The proportion between the carboxylic acid

component AMoiseeaitivRl eBmBcHRA LTeRIEk Y Rcl AU RRBREHERIIAT ESRASEHEN) WA @djusted to

1.0/1.04n terms. 0 ole 1 uiyalent ratio therebetyeen, T ol ide resin.A had.a,softening
point of 1200 B At S R B R R o DT R o
mixture of &tepecHASHE-arRIsH 1288628 HRS AR BN oM . TBhRlb RNequt Scd Polymer fitadified
asphalt Il type (stone mastic asphalt mixture; hereinafter referred to as "SMA Il Type"), 20% by mass

of the asphalttw&fe meptacadiwittetiie’potyanside velsino thediamsaofaavwinatksriahmixtdref fthe thus
obtained ray material mixture was ,mixe,%%at a temperature of from 170 to 25 180C as an optimum
mixing ten?gvg? RS AR ERACOHpacted at a temperature of from 155 to 165C as an optimum
compacting)tf:fgperature thereof to thereby obtain an asphalt mixture of Example 6. The thus obtained
asphalt mixture was evaluated for its formulation, initial properties, properties after immersion in
kerosepe and layigawgskabdityh & heifesutis arershanbityTabiedlh ENANPLE 7 dadonddtsenef porous
(open-graded) aggregates and an optimum asphalt 5 amount of a polymer-modified asphalt H type
(porous aspieiitdeizaetec herdinafea saferbsitend broryis a¢1ftypelhexposlighabiss of the asphalt were

replaced with the polyamide resin A to obtain a raw material mixture. The thus obtained raw material
mixture wAR TR B R AR ARR SR i ST R A GRS S e Fipratare thereot
and then coippacied &t Bf%g‘?w(?[ﬁl%%&f fin.140 to 150C as an optimum compacting temperature

thereof to thereby obtain an asphalt mixture of Example 6. The thus obtained asphalt mixture was
evaluated for its fOtraulatdia tieithab poopebiss;lierapii tiesvafie o gionarivokesosanemnd taying
workability. The results are shown in Table 1. 15 [00321 EXAMPLE 8 The same procedure as in
Examphe £itherspbaradesker prer iwinted-poljammnles sihtbesadueateyatbeb@iiswing method in

place of the polyamide resin A, thereb taining an asphalt mixture fExam le 8, The thus 20
P imad A B R O A 06 RO B K mersion

in keroseng andstying warkabilivhithe serylis arseshand deidable da mMiethegtios Production of

Polyamide Resin D and Properties thereof> The raw materials including 0.19 mole equivalent of
propionic andaOua 26l mbjshaduivatenicafrhdalflod faity heid QHER T AL cdhdn ataitebiadhode Harima
Chemicals, Inc.), 0.75 male equivalent of a polymerized fatty acid ("HARI-DIMER 250" available from
Harima CHafifcafddidgnolsisameid BqlareAtich sisgramafantise and oaxeh&dtEqidtent of

m-xylylenediamine,were charged intp a four-necked round-hottom flask equipped with,a thermometer,
T S e R BT R B

flowing a sEnal arauNt e iEeasn th o dbithecanins wef the ftask facirgventngseolorstias thereof,
the contents of the flask were reacted at 210C for 3 h and then under reduced pressure (13.3 kPa) 5
for 2 h, cooteat e sy jpu vaxdzdh viegeby thEAniaghihe polyemitgeyrbsinged alofkepaotyamide resin

D had a softening point of 135C and a melt vjscosity of 220 mPa s as measured at 180C.
combination of any two or more thereof.

[0017]
25 (Polymerized Fatty Acid)
The polymerized fatty acid constituting the carboxylic acid component of
the polyamide resin is a polymer obtained by polymerizing a monobasic fatty
acid having an unsaturated bond(s) or an esterified product thereof.

As the a monobasic fatty acid having an unsaturated bond(s), there may
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Meanwhile, the raw materials for production of the polyamide resin D and the properties of the
resulting polyamide resin D are shown together in 10 Table 1. [00331 COMPARATIVE EXAMPLES 1
TO 3 The same procedures as in Examples 1, 6 and 7 were repeated except that no polyamide
resin A was compounded, thereby obtaining asphalt mixtures 15 of Comparative Examples 1, 2 and 3,
respectlvet}/. ThS atﬂus %ggaurf]ed a%phait mixtures w r%k?vgiluate% fov(] ltﬂgi.'lli q:%r@ulgtlgpu 1|Pn|t|ea properties,

. us 1S . example, unsaturate Y a S S
properties atter mmersion’in Kerosene an aying worka |ny.cl1 & Yesuits are shown i rable 2. 20

COM'_DAR’BHMEEQ% 8%@2‘44%5@)&1 atoth§ SRMBer OCEQHfﬁgﬁéé'bm&ﬁﬁ%éﬁﬁ%% except
for using respective polyamide resins B and C produced by the following methods in place of the
polyamideaasis icthekebleabiainin msiehak anixiiredcofiC amp antdveaExemhplegidgor 5, respectively.
The thus obtained asphalt mixtures were 25 evaluated for their formulation, initial properties,

properties 8 mBERIh idtkeddse alraaymgudikasingeriie dertmusteodibin in Table 2.
<Polyamide Re

SR80 8 e THE ROIYRINIS. ESILBYAR PIOGICEA] g SIg manes g described for
produc Ion O e polyamide resin D exXcept for using, as the raw materials, 0. moie equwalent of a

tall oil fattynait b4 AR A\ b FFd HaAvailahle foreuiarsnd GAeIcRIsh IR8. h 18 I Mmolg @méalent of

dodecanedioic acid, 0.475 mole equivalent of ethylenediamine and 0.475 mole equivalent of
m-xylylenagiefeiadlT va thusmoiiaheti pelyahmdid aesirg B ad aadienmippoint of 180C and a melt 5
viscosity of 400 mPa s as measured at 180&., <Polyamide Resin C> The polyamide resin C was

produced in the saRfeRRRAREFZE HERENAG For B detBhob e BERAnME R SR BPBREYDt for using,
as the rawfg%ﬁfzgialé ’ Qaé%g‘%%’ a%gg%‘ﬁ#?ﬂe(g ngfﬂ?sg%ﬁd tﬁe@s%?l%ggg t @f,3,Rglymerized fatty

acid 10 ("HARI-DIMER 250" e from Harima Chemicals, Inc 5 mole equivalent of
ethylenedipaifeg:851¢ 0dhf Anedenedivinalehead o xylylensdiaginsodfie thuBcbianegh RoMaenide resin C
had a softening point of 170C and a melt viscosity of 4000 mPa s as measured at 180C. The
raw materig¢dyiorestaed dasty siaiserpaly dmieraxine 8lanavaitatd et Bopslopested enthe polyamide

resins B and C are shownooether n Teblel, , Examples, 9 Dgnse qraded Sis Denge graded

10% by mass of a monobasic acid having 18 carbon atoms (monomer), from 60 to
99% by mass of a dibasic acid having 36 carbon atoms (dimer) and 30% by mass
15 or less of a tribasic acid having 54 carbon atoms or a higher-basic acid (trimer or
higher-order isomer).
[0018]
(Polyamine)
Examples of the polyamine contained in the amine component used
20 together with the above carboxylic acid component include aliphatic diamines,
aliphatic triamines and aromatic diamines. These polyamines may be used
alone or in the form of a mixture of any two or more thereof.
Among them, the amine component preferably contains the above
respective polyamines at such a mixing ratio that the aliphatic diamines are
25 present in an amount of from 20 to 100 mole equivalent %, and the aliphatic
triamines and/or the aromatic diamines are present in an amount of 0 to 80
mole equivalent %, on the basis of a whole amount of the amine component,
more preferably at such a mixing ratio that the aliphatic diamines are present

in an amount of from 50 to 95 mole equivalent %, and the aliphatic triamines
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and/or the aromatic diamines are present in an amount of 50 to 5 mole
equivalent %, on the basis of a whole amount of the amine component, and still
more preferably at such a mixing ratio that the aliphatic diamines are present
in an amount of from 70 to 90 mole equivalent %, and the aliphatic triamines
and/or the aromatic diamines are present in an amount of 10 to 30 mole
equivalent %, on the basis of a whole amount of the amine component.

In addition, among the aliphatic triamines and the aromatic diamines,
preferred are the aromatic diamines.

When using the aliphatic diamines in combination with the aliphatic
triamines and/or the aromatic diamines, the resulting polyamide resin can be
more suitably controlled in softening point and melt viscosity.

For example, when the content of the aliphatic triamines or the aromatic
polyamines in the amine compound increases, the softening point of the
resulting polyamide resin tends to be lowered. Whereas, when the content of
the aliphatic diamines in the amine compound increases, the softening point of
the resulting polyamide resin tends to become higher.

[0019]

The above aliphatic diamines are preferably those having 2 to 4 carbon
atoms. Examples of the aliphatic diamines having 2 to 4 carbon atoms include
ethylenediamine, propylenediamine and butylenediamine.

The above aliphatic triamines are preferably those having 2 to 8 carbon
atoms. Examples of the aliphatic triamines having 2 to 8 carbon atoms include
diethylenetriamine, dipropylenetriamine and dibutylenetriamine.

The above aromatic diamines are preferably those having 6 to 7 carbon
atoms. Examples of the aromatic diamines having 6 to 7 carbon atoms include
xylylenediamine, diaminophenyl methane and phenylenediamine.

[0020]
In the present invention, the amine component may also contain the

other amine components in addition to the above aliphatic diamines, aliphatic

-13-
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triamines and aromatic diamines in an amount of from 0 to 30 mole
equivalent %. Examples of the other amine components include aliphatic
monoamines having 1 to 4 carbon atoms, trivalent or higher-valent aromatic
polyamines and alicyclic polyamines.

5 Specific examples of the aliphatic monoamines having 1 to 4 carbon
atoms include ethyl amine, propyl amine and butyl amine.

Specific examples of the trivalent or higher-valent aromatic polyamines
include aromatic amine compounds having 6 to 10 carbon atoms such as
triaminobenzene, triaminophenol and tetraaminobenzene.

10 Specific examples of the alicyclic polyamines include alicyclic polyamines
having 6 to 17 carbon atoms such as 1,2-diaminocyclohexane,
4,4"-methylenebis(cyclohexyl amine), 4,4'-methylenebis(methylcyclohexyl amine),
4,4'-methylenebis(ethylcyclohexyl amine) and 1,8-diaminomethane.

[0021]

15 (Production of Polyamide Resin)

The polyamide resin used in the present invention may be produced by
subjecting the above respective raw material compounds to condensation
reaction under the conventionally known reaction conditions. For example, the
carboxylic acid component such as a monocarboxylic acid or a polycarboxylic

20 acid and the amine component such as a polyamine compound may be mixed
with each other at a mole equivalent ratio (carboxylic acid component/amine
component) of from 1.0/1.2 to 1.2/1.0, and are heated, for example, to a
temperature of from 180 to 250°C to subject both the components to
condensation reaction. In this case, the respective raw materials are

25 appropriately selected, and the reaction conditions such as reaction time and
reaction temperature are suitably controlled to obtain a polyamide resin having
desired properties or characteristics.

[0022]
[Asphalt]
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The asphalt used in the present invention is not particularly limited, and
various kinds of asphalts may be used in the present invention. Examples of
the asphalt include straight asphalts as petroleum asphalts for pavements, as
well as polymer-modified asphalts produced by modifying asphalt with a
polymer material including a thermoplastic elastomer such as
styrene/butadiene block copolymers (SBS), styrene/isoprene block copolymers
(SIS) and ethylene/vinyl acetate copolymers (EVA). Specific examples of the
polymer-modified asphalts include polymer-modified asphalts of II type and
polymer-modified asphalts of H type.

Examples of a mixed type of asphalt (mixture of asphalt and the
below-mentioned aggregate) include a dense-graded asphalt mixture, a stone
mastic asphalt (SMA) mixture and a porous asphalt mixture.

[Aggregate or the like]

The aggregates used in the present invention are not particularly limited,
and may be optionally selected from crushed stone, cobble, gravel, reclaimed
aggregates and ceramics.

In the present invention, other additives may also be compounded in the
aggregates, if required.

[0023]
[Asphalt Mixture]

In the asphalt mixture according to the present invention, it is required
that the compounding ratio of the polyamide resin lies within the range of from
3 to 90% by mass on the basis of a total amount of the polyamide resin and the
asphalt. When the compounding ratio of the polyamide resin on the basis of
the total amount of the polyamide resin and the asphalt is less than 3% by mass,
the resulting asphalt mixture may fails to exhibit a sufficient effect of
improving an oil resistance thereof. The effect of the polyamide resin
compounded in the asphalt mixture becomes more remarkable as the

compounding ratio thereof increases. Therefore, the compounding ratio of the
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polyamide resin is preferably 5% by mass or more, more preferably 10% by mass

or more, still more preferably 15% by mass or more, and further still more

preferably 20% by mass or more, on the basis of the total amount of the

polyamide resin and the asphalt.

5 On the other hand, even when the compounding ratio of the polyamide
resin on the basis of the total amount of the polyamide resin and the asphalt is
more than 90% by mass, the effect of improving an oil resistance of the resulting
asphalt mixture tends to be no longer enhanced corresponding to the increased
compounding ratio of the polyamide resin. Therefore, such a high compound

10 ratio of the polyamide resin rather tends to be economically disadvantageous,
and there might occur such a risk that the asphalt pavement obtained from the
asphalt mixture suffers from deteriorated flexibility and occurrence of cracking.
In addition, in the production process, the asphalt mixture must be subjected to
heating and mixing treatments at a higher temperature than usually used (for

15 example, higher than 200°C) owing to the larger amount of the polyamide resin
compounded, which tends to induce heat deterioration of the polyamide resin.
Furthermore, when the amount of the polyamide resin compounded becomes
large, it may be difficult to compact the resulting asphalt mixture, so that the
workability upon laying the asphalt mixture tends to be deteriorated. In

20 consequence, the compounding ratio of the polyamide resin in the asphalt
mixture on the basis of the total amount of the polyamide resin and the asphalt
1s preferably 80% by mass or less, more preferably 70% by mass or less, still
more preferably 60% by mass or less, and further still more preferably 50% by
mass or less.

25 From the above viewpoints, the compounding ratio of the polyamide resin
in the asphalt mixture is preferably from 5 to 80% by mass, more preferably
from 10 to 70% by mass, still more preferably from 15 to 60% by mass, and
further still more preferably from 20 to 50% by mass, on the basis of the total

amount of the polyamide resin and the asphalt.
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Softening point (C) Melt viscosity as measured at 180C (mPa s) Stability (kN) Stability (kN) Stability

after immersed in water for 48 h (kN) (a) Test Temp.: 20C (b) Test Temp.: 60C (c) Test
Temp.: 60C
[0024]
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The function and mechanism of preventing occurrence of rutting and
torsional breakage on the resulting asphalt pavement and enhancing an oil
resistance thereof by compounding the polyamide resin in the asphalt mixture
according to the present invention are considered as follows.

In the asphalt mixture containing the polyamide resin having the
properties as defined in the present invention, the polyamide resin itself can
exhibit a property of being undissolved in petroleum-based oils. Further, the
polyamide resin having the specific softening point is apt to be uniformly
dispersed in the asphalt mixture when subjecting the asphalt mixture to
heating and mixing treatments. Therefore, when compacting such an asphalt
mixture in which the polyamide resin is uniformly dispersed, it is possible to
complete construction of the asphalt pavement having desired properties. As a
result, the polyamide resin is allowed to be uniformly present over a surface
layer of the asphalt pavement, so that a whole portion of the surface layer of the
asphalt pavement can be protected by the polyamide resin. That is, since
deformation of the asphalt pavement due to vehicle weights can be well
absorbed by the polyamide resin having a high elasticity and an excellent oil
resistance, it is considered that the asphalt pavement is prevented from
suffering from occurrence of rutting and torsional breakage and can exhibit a
high oil resistance.

Thus, as the concentration of the polyamide resin which is uniformly
dispersed in the surface layer of the asphalt pavement increases, the oil
resistance of the asphalt pavement can be enhanced. Specifically, the effect of
improving the oil resistance of the asphalt pavement can be suitably recognized
when the compounding ratio of the polyamide resin in the asphalt mixture on
the basis of the total amount of the polyamide resin and the asphalt reaches 3%
by mass or more, the effect can be considerably enhanced when the

compounding ratio of the polyamide resin in the asphalt mixture on the basis of
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the total amount of the polyamide resin and the asphalt reaches 10% by mass or
more, the effect can be more remarkably enhanced when the compounding ratio
of the polyamide resin in the asphalt mixture on the basis of the total amount of
the polyamide resin and the asphalt reaches 15% by mass or more, and the still

5 higher effect can be recognized when the compounding ratio of the polyamide
resin in the asphalt mixture on the basis of the total amount of the polyamide
resin and the asphalt reaches 20% by mass or more.

Meanwhile, the term "uniformly dispersed" as used herein means that
the asphalt mixture is kept in a uniformly dispersed state as a whole. That 1is,

10 strictly speaking, the asphalt mixture containing the aggregates and various
asphalts is incapable of exhibiting a completely uniformly dispersed state.
Accordingly, in the present invention, the uniformly dispersed state of the
asphalt mixture means such a condition in which the respective components are
approximately uniformly dispersed in the asphalt mixture.

15 [0025]

(Proportions of Respective Components Compounded in Asphalt Mixture)

In the asphalt mixture of the present invention, the ratio of an amount of
the aggregates compounded therein to a total amount of the asphalt and the
polyamide resin compounded therein is not particularly limited, and may be

20 usually determined as follows. For example, the above ratio is preferably
controlled such that the aggregates is present in an amount of from 98 to 85%
by mass, and the asphalt and the polyamide are present in a total amount of
from 2 to 15% by mass, and more preferably controlled such that the aggregates
1s present in an amount of from 97 to 90% by mass, and the asphalt and the

25 polyamide are present in a total amount of from 3 to 10% by mass.

Meanwhile, the compounding ratio of asphalt in the conventional asphalt
mixtures containing aggregates and the asphalt may be determined by referring
to an optimum asphalt amount obtained from "Formulation and Design of

Asphalt Mixture" as described in "Guideline for Pavement Design and
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Construction" published by Japan Road Association.

In the present invention, the above optimum asphalt amount corresponds
to the total amount of the asphalt and the polyamide resin. Therefore, the
total amount of the asphalt and the polyamide resin compounded in the asphalt
mixture is preferably determined from such an optimum asphalt amount.

However, as a matter of course, the method of determining the amounts
of the respective components in the asphalt mixture is not particularly limited
to the above method as described in "Guideline for Pavement Design and
Construction", and the amounts of the respective components in the asphalt
mixture may also be determined by any other methods.

[0026]

The asphalt mixture of the present invention may be used in the form of
a heated asphalt mixture containing substantially no water, or may also be
used in the form of a cold asphalt mixture which is an asphalt emulsion
prepared by compounding an emulsifier or water into the above asphalt mixture.
Among these asphalt mixtures, preferred is the heated asphalt mixture
containing substantially no water. The heated asphalt mixture is produced by
heating asphalt and aggregates at a temperature of from 140 to 180°C, and
therefore contains substantially no water. The heated asphalt mixture is thus
produced and used in a temperature range which is different from that for the
cold mixture in the form of an asphalt emulsion.

In the asphalt mixture of the present invention, the polyamide resin is
apt to be uniformly dispersed in the asphalt mixture. Therefore, the asphalt
mixture of the present invention can effectively exhibit its properties when used
in the form of the heated asphalt mixture.

[0027]

The method for producing the asphalt mixture of the present invention

when used in the form of the heated asphalt mixture is not particularly limited,

and the asphalt mixture of the present invention may be produced by any
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suitable methods. For example, the asphalt mixture of the present invention
may be produced according to any ordinary method for producing asphalt
mixtures containing aggregates and asphalt.

In this case, the temperature used upon mixing the aggregates, the

5 polyamide resin and the asphalt is preferably higher than the softening point of
the polyamide resin. More specifically, the mixing temperature is preferably in
the range of from 100 to 200°C, more preferably from 120 to 200°C, still more
preferably from 140 to 190°C, and further still more preferably from 140 to
180°C.

10 As the specific production method, there may be used the conventional
method for production of asphalt mixtures which is known as a so-called plant
mix method in which, in the step of mixing aggregates with asphalt, the
polyamide resin (for example in the form of pellets) may be charged together
with the asphalt into the aggregates. However, in this case, in order to melt

15 the polyamide resin, the aggregates is preferably previously heated to a higher
temperature than usually used (for example to 180°C).

In addition, the asphalt and the polyamide resin may be previously mixed
while stirring at an elevated temperature, for example, at a temperature of
150°C or higher, and then the thus heated mixture may be added (premix

20 method).

As described above, in the method for producing the asphalt mixture by
compounding the polyamide resin thereto, the polyamide resin tends to be
exposed to the elevated temperature. It is required that the elevated
temperature is set to a higher value as the compounding ratio of the polyamide

25 resin increases. Therefore, when the compounding ratio of the polyamide resin
increases, the asphalt mixture is exposed to a higher temperature and therefore
tends to suffer from heat deterioration. Such a phenomenon tends to occur
more remarkably as the softening point of the polyamide resin used becomes

higher.
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In the present invention, the polyamide resin used has a relatively low
softening point, and the compounding ratio of the polyamide resin in the
asphalt mixture is preferably reduced. Therefore, the asphalt mixture of the
present invention is capable of providing a good pavement which is free from

5 heat deterioration.
[0028]
[Paving Method]

The paving method according to the present invention includes the step
of compacting the above asphalt mixture.

10 In the paving method, when using the asphalt mixture of the present
invention in which the above polyamide resin is compound, the compacting step
may be carried out using the same laying machines and the same laying method
as used for ordinary asphalt mixtures.

The temperature upon compacting the asphalt mixture when used in the

15 form of a heated asphalt mixture is preferably higher than the softening point of
the polyamide resin, and more specifically is preferably from 100 to 200°C, more
preferably from 120 to 180°C and still more preferably from 130 to 170°C.

According to the paving method of the present invention, it is possible to
realize construction of an asphalt pavement which is excellent in durability and

20 oil resistance. In addition, in the paving method of the present invention, the
asphalt pavement can be constructed in a relatively facilitated manner at a high
laying speed, and the time required from beginning of paving work to traffic

opening can be shortened.

25 EXAMPLES
[0029]
Next, the present invention is described in more detail by referring to the
following Examples. However, these Examples are only illustrative and not

intended to limit the invention thereto.
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The properties and laying workability of the asphalt mixture were
evaluated by the following methods.

(1) Marshall Stability Test
The test for stability of pavement was carried out according to "Marshall
5 Stability Test" described in "Handbook of Pavement Investigation and
Examination Methods" published by Japan Road Association.
(2) Wheel Tracking Test

The rutting test was carried out according to "Wheel Tracking Test"

described in "Handbook of Pavement Investigation and Examination Methods"
10 published by Japan Road Association. The limit value (upper limit) of

measurement of a testing device used in the above test was 63000

frequencies/mm.

(3) Bending Test

The bending test was carried out according to "Bending Test Method"

15 described in "Handbook of Pavement Investigation and Examination Methods"
published by Japan Road Association.
(4) Torsional Resistance Test

The torsional resistance test was carried out according to "Torsional

Resistance Test Method" described in "Handbook of Pavement Investigation and
20 Examination Methods" published by Japan Road Association.
(5) Kerosene Immersion Test (Evaluation of Oil Resistance)

The sample (asphalt mixture) was immersed in kerosene at normal
temperatures for 24 h, and then subjected to the above respective tests to
evaluate properties thereof.

25 (6) Laying Workability
The laying workability of a sample (asphalt mixture) maintained in a
150°C heated state when constructing a pavement with the asphalt mixture
using a scoop was evaluated according to the following evaluation criteria.

<Evaluation Criteria>
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A: No problem concerning laying workability of the sample occurred as
compared to general dense-graded asphalt mixtures, and the sample was
adequately compacted.

B: Some difficulty in laying the sample occurred and a laying time thereof

5 was prolonged as compared to general dense-graded asphalt mixtures.

C: Poor laying workability of the sample occurred as compared to general
dense-graded asphalt mixtures, and the sample was difficult to adequately
compact.

[0030]
10 EXAMPLES 1TO 5

In a mixture containing dense-graded aggregates and an optimum
asphalt amount of straight asphalt 60/80 (dense-graded asphalt mixture;
hereinafter referred to as "dense-graded StAs"), 3% by mass, 10% by mass, 20%
by mass, 40% by mass and 90% by mass of the amount of the asphalt were

15 respectively replaced with a polyamide A "Reomide S-8400" available from Kao
Corp., which was produced by the following method, to obtain various raw
material mixtures. These raw material mixtures were respectively mixed in a
mixer at a temperature of from 150 to 160°C, and then compacted at a
temperature of from 135 to 145°C to obtain asphalt mixtures of Examples 1 to 5.

20 The thus obtained asphalt mixtures were evaluated for their formulation, initial
properties, properties after immersion in kerosene and laying workability. The
results are shown in Table 1.

Meanwhile, the optimum asphalt amount, mixing temperature and
compacting temperature described above and in Table 1 correspond to optimum

25 asphalt amount, optimum mixing temperature and optimum compacting
temperature, respectively, as determined according to "Guideline for Pavement
Design and Construction".
<Method for Production of Polyamide Resin A and Properties thereof>

The polyamide resin A was produced by subjecting a carboxylic acid
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component containing propionic acid, a tall oil fatty acid and a polymerized
fatty acid ("HARI-DIMER 250" available from Harima Chemicals, Inc.) and an
amine component containing ethylenediamine and m-xylylenediamine to
condensation reaction. The contents of the respective compounds in the
carboxylic acid component were adjusted such that propionic acid and the tall
oil fatty acid were present in a total amount of 0.25 mole equivalent and the
polymerized fatty acid was present in an amount of 0.75 mole equivalent per 1
mole equivalent of the carboxylic acid component, whereas the contents of the
respective compounds in the amine component were adjusted such that
ethylenediamine was present in an amount of 0.86 mole equivalent and
m-xylylenediamine was present in an amount of 0.14 mole equivalent per 1
mole equivalent of the amine component. The proportion between the
carboxylic acid component and the amine component (carboxylic acid
component/amine component) was adjusted to 1.0/1.0 in terms of a mole
equivalent ratio therebetween.

The polyamide resin A had a softening point of 123°C and a melt viscosity
of 210 mPa*s as measured at 180°C.
[0031]
EXAMPLE 6

In a mixture of stone mastic-graded aggregates and an optimum asphalt
amount of a polymer-modified asphalt II type (stone mastic asphalt mixture;
hereinafter referred to as "SMA II Type"), 20% by mass of the asphalt were
replaced with the polyamide resin A to obtain a raw material mixture. The
thus obtained raw material mixture was mixed at a temperature of from 170 to
180°C as an optimum mixing temperature thereof, and then compacted at a
temperature of from 155 to 165°C as an optimum compacting temperature
thereof to thereby obtain an asphalt mixture of Example 6. The thus obtained
asphalt mixture was evaluated for its formulation, initial properties, properties

after immersion in kerosene and laying workability. The results are shown in
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Table 1.

EXAMPLE 7
In a mixture of porous (open-graded) aggregates and an optimum asphalt
5 amount of a polymer-modified asphalt H type (porous asphalt mixture;
hereinafter referred to as "Porous H Type"), 20% by mass of the asphalt were
replaced with the polyamide resin A to obtain a raw material mixture. The
thus obtained raw material mixture was mixed at a temperature of from 165 to
175°C as an optimum mixing temperature thereof, and then compacted at a
10 temperature of from 140 to 150°C as an optimum compacting temperature
thereof to thereby obtain an asphalt mixture of Example 6. The thus obtained
asphalt mixture was evaluated for its formulation, initial properties, properties
after immersion in kerosene and laying workability. The results are shown in
Table 1.
15 [0032]
EXAMPLE 8
The same procedure as in Example 4 was repeated except for using a
polyamide resin D produced by the following method in place of the polyamide
resin A, thereby obtaining an asphalt mixture of Example 8. The thus
20 obtained asphalt mixture was evaluated for its formulation, initial properties,
properties after immersion in kerosene and laying workability. The results are
shown in Table 1.
<Method for Production of Polyamide Resin D and Properties thereof>
The raw materials including 0.19 mole equivalent of propionic acid, 0.06
25 mole equivalent of a tall oil fatty acid ("HAR TALL FA-1" available from
Harima Chemicals, Inc.), 0.75 mole equivalent of a polymerized fatty acid
("HARI-DIMER 250" available from Harima Chemicals, Inc.), 0.90 mole
equivalent of ethylenediamine and 0.10 mole equivalent of m-xylylenediamine

were charged into a four-necked round-bottom flask equipped with a

-25-



109 661 I'LT 6.99 12500 co Porous H type PorousadM H09 0 Og ..g9E 19 1717 919 000L
adM Il VIAIS VIAIS ad-S/ 1l ,0.9

thermometer, a stirring system, a dehydration tube and a nitrogen blowing tube,
and mixed while stirring. After flowing a small amount of nitrogen through
the contents of the flask for preventing coloration thereof, the contents of the
flask were reacted at 210°C for 3 h and then under reduced pressure (13.3 kPa)
5 for 2 h, cooled and then pulverized, thereby obtaining the polyamide resin D.
The polyamide resin D had a softening point of 135°C and a melt
viscosity of 220 mPa s as measured at 180°C.
Meanwhile, the raw materials for production of the polyamide resin D
and the properties of the resulting polyamide resin D are shown together in
10 Table 1.
[0033]
COMPARATIVE EXAMPLES 1 TO 3
The same procedures as in Examples 1, 6 and 7 were repeated except
that no polyamide resin A was compounded, thereby obtaining asphalt mixtures
15 of Comparative Examples 1, 2 and 3, respectively. The thus obtained asphalt
mixtures were evaluated for their formulation, initial properties, properties
after immersion in kerosene and laying workability. The results are shown in

Table 2.

20 COMPARATIVE EXAMPLES 4 AND 5
The same procedure as in Example 6 was repeated except for using
respective polyamide resins B and C produced by the following methods in place
of the polyamide resin A, thereby obtaining asphalt mixtures of Comparative
Examples 4 and 5, respectively. The thus obtained asphalt mixtures were
25 evaluated for their formulation, initial properties, properties after immersion in
kerosene and laying workability. The results are shown in Table 2.
<Polyamide Resin B>
The polyamide resin B was produced in the same manner as described for

production of the polyamide resin D except for using, as the raw materials, 0.22
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mole equivalent of a tall oil fatty acid ("HAR TALL FA-1" available from
Harima Chemicals, Inc.), 0.78 mole equivalent of dodecanedioic acid, 0.475 mole
equivalent of ethylenediamine and 0.475 mole equivalent of m-xylylenediamine.
The thus obtained polyamide resin B had a softening point of 180°C and a melt
viscosity of 400 mPa s as measured at 180°C.
<Polyamide Resin C>

The polyamide resin C was produced in the same manner as described for
production of the polyamide resin D except for using, as the raw materials, 0.30
mole equivalent of adipic acid, 0.70 mole equivalent of a polymerized fatty acid
("HARI-DIMER 250" available from Harima Chemicals, Inc.), 0.85 mole
equivalent of ethylenediamine and 0.07 mole equivalent of m-xylylenediamine.
The thus obtained polyamide resin C had a softening point of 170°C and a melt
viscosity of 4000 mPa s as measured at 180°C.

The raw materials for production of the polyamide resins B and C and the

properties of the polyamide resins B and C are shown together in Table 1.

-27-



amount of asphalt and polyamide resin) Compounding ratio of polyamide resin A (*1: B; *2:
C; *3: D) (% by mass) (based on total amount of asphalt and polyamide resin) Void
percentage (%) Softening point (C) Melt viscosity as measured at 180C (mPa s) Stability

(kN) Stability (kN) Stab&ity after imm|ersed injwater for 48 h (kN) stability (c/b) (%) Dynamic
stability (frea./mm) 4((a) TestiTemp.: ROC (b) Test Temp.: 60C
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0g:-/' Ei .2 45 Properties of polyamide resin added

(c) Test Temp.: 60C (1) Test Temp.: 60C
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[0037]

Meanwhile, the details of abbreviations appearing in Tables 1 and 2 are
as follows.

1) Dense-graded StAs: Using straight asphalt 60/80 in a dense-graded
asphalt mixture (maximum aggregates size: 13 mm)

2) SMA II Type: Using a polymer-modified asphalt II type in a stone
mastic asphalt (SMA) mixture (maximum aggregates size: 13 mm)

3) Porous H type: Using a polymer-modified asphalt H type in a porous
asphalt mixture having a void percentage of 20% (maximum aggregates size: 13
mm)

[0038]

As recognized from Tables 1 and 2, the asphalt mixtures compounded
with the polyamide resin having the specific softening point according to the
present invention were excellent in all of Marshall stability, dynamic stability
in wheel tracking test, torsional resistance, and initial properties such as
bending property, and less deteriorated in their properties even after immersion
in kerosene, as well as exhibited a good laying workability (Examples 1 to 8).
On the contrary, the asphalt mixtures obtained in Comparative Examples in
which the specific polyamide resin was not used or the other kinds of polyamide
resins were used, failed to exhibit these excellent properties (Comparative

Examples 1 to 5).

INDUSTRIAL APPLICABILITY
[0039]

The asphalt mixture according to the present invention is capable of
providing an asphalt pavement which can be prevented from suffering from
occurrence of rutting and torsional breakage, and can exhibit a high oil
resistance. Further, even when any oil leakage on the pavement surface

occurs, the pavement obtained from the asphalt mixture is free from fracture,
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Meanwhile, the details of abbreviations appearing in Tables 1 and 2 are as follows. 1)
Dense-graded StAs: Using straight asphalt 60/80 in a dense-graded 5 asphalt mixture (maximum
aggregates size: 13 mm) 2) SMA |l Type: Using a polymer-modified asphalt Il type in a stone
mastic asph alt (S mlxture ximum regates S|ze 13 mm) :?}Poro H t Using a
ooty R OB H 58 T b L R R Pt A B et o
(maX'mU”bf'i‘QQk%%%tes Bizead3:L8 Ry l{%%%lt m1ﬁ%f§%%é%é@ﬂtﬂﬂ@l&§t¥oﬁ%ﬁ Be asphalt
mixtures compounded with the polyamlde resin having the specific softening point according to the
present inventioly \iark exaedaniit alirdhddaradatisstabitity adyadnaintstgbitihaf 5lie wheel tracking test,
torsional resistance, and initial properties such as bending property, and less deteriorated in their
properties S FBHIRe IR SioMIA K SfoRaE ¥ Wbl tastEakisirReR g8 rlymiEeRerkability (Examples
1 to 8). Onltﬁe c?ntraryﬁ the ?ﬁgﬂalt m xture talned in Co (%%tratlv xgén es |n hICh tiae specific

t
polyamlde resin was’ not usad of the other Kinds oPpoﬁyamltrj\e Tesins were useo][VFane% to exhibit

these excellephRiopeHieS{izOmpamRtiyeJexasmles 1 to 5). INDUSTRIAL APPLICABILITY [00391
25The asphalt mixture according to the present invention is capable of providing an asphalt pavement
which can be prevented from suffering from occurrence of rutting and torsional breakage, and can
exhibit a high oil resistance. Further, even when any oil leakage on the pavement surface occurs, the
pavement obtained from the asphalt mixture is free from fracture,

-34-



and can be prevented from suffering from occurrence of rutting and torsional breakage. In addition, the
asphalt mixture of the present invention can be readily laid over a road surface and has such an
advantage that the time required from beginning of paving work to traffic opening is shortened. 5
Therefore, the asphalt mixture of the present invention can be effectively used as an asphalt mixture
for pavements. CLAIMS 1. An asphalt mixture iSiQg: aggregates; 5a polyamide resin; and
asphailt, wherein the polyamide resin has a softening point of from 60 to 150C, and is
compounded in an amount of from 3 to 90% by mass on the basis of a total amount of the polyamide
resin and the asphalt. 10 2. The asphalt mixture according to claim 1, wherein the polyamide resin is
compounded in afraaephtlofifrortutd tom@¥esiggnass on the basis of a total amount of the polyamide
resin and the asphalt. 15 3.The asphalt mixture according to claim 1 or 2, wherein the polyamide resin
has a softening poRRIEBRHiT 70 to 140C. 4. The asphalt mixture according to any one of claims 1 to 3,
Whereig the polyaamigfa genslirag%gsellnmglltldiscosity of 2000 mPa s or lower as 20 measured at 180C. 5.
The asphalt mixtir& accor Ing to any one of claims 1 to 4, wherein the polyamide resin has a melt
viscosity of from 3@3R4l@00 mPa s as measured at 180C. 25 6. The asphalt mixture according to any
one of claims 1 to 5, wherein the polyamide resin is obtained by polycondensing a carboxylic acid
component contamiregein aligheily ancisscaebox s acieb e iap algmé i ddofat§hbidWwiiGn amine
componen%ﬁtl:gntaining a pcayamine. 7. The asEhaIt mixture gci)ording to clzﬁlm g wherein a
content of & AR SVERRMBABE D 3Ly AR i HE R B AR AR SRS HehRfs oS 2630 50 mole

equivalentt‘g%%natllﬁ%g _igqun% WW%%%%E% %%ﬁgﬁ%%rggg}{g%@cid component. 8. The asphalt

mixture according to claim 6 or’7, w monocarboxylic acid is in the form of a
mixturgcomprising an aliphatic monocarboxylic acid having 1 to 4 carbon atoms and an aliphatic 10
monocarboxylic acid having 12 to 22 carbon atoms. 9. The asphalt mixture according to any one of
claims 6 t&28, whéreinasphink polytrtiaccondalr o iheramindesetiponent is in the form of a mixture

comprising an aliphatic diamine, and an aliphatic triamine and/or an 15.aromatic diamjne. 10. A
awing metnod cOROHEHE B e 6 B PRI ALAhaT HOLFRCAL QBT ACAY B of claims 1
to 9. mass on the basis of a total amount of the polyamide resin and the asphalt.

15 3. The asphalt mixture according to claim 1 or 2, wherein

the polyamide resin has a softening point of from 70 to 140°C.

4. The asphalt mixture according to any one of claims 1 to 3, wherein
the polyamide resin has a melt viscosity of 2000 mPa*s or lower as

20 measured at 180°C.

5. The asphalt mixture according to any one of claims 1 to 4, wherein
the polyamide resin has a melt viscosity of from 50 to 1000 mPa-s as
measured at 180°C.
25
6. The asphalt mixture according to any one of claims 1 to 5, wherein
the polyamide resin is obtained by polycondensing a carboxylic acid
component containing an aliphatic monocarboxylic acid and a polymerized fatty

acid with an amine component containing a polyamine.

-35-



10

15

7. The asphalt mixture according to claim 6, wherein
a content of the aliphatic monocarboxylic acid in the carboxylic acid
component is from 10 to 50 mole equivalent % on the basis of a whole amount of

the carboxylic acid component.

8. The asphalt mixture according to claim 6 or 7, wherein
the aliphatic monocarboxylic acid is in the form of a mixture comprising
an aliphatic monocarboxylic acid having 1 to 4 carbon atoms and an aliphatic

monocarboxylic acid having 12 to 22 carbon atoms.

9. The asphalt mixture according to any one of claims 6 to 8, wherein
the polyamine contained in the amine component is in the form of a
mixture comprising an aliphatic diamine, and an aliphatic triamine and/or an

aromatic diamine.

10. A paving method comprising a step of compacting the asphalt mixture as

defined in any one of claims 1 to 9.

-36-





