;e3efb?c::; 4<: =>6?Th?GPMh am ~oou ADDI Tl VE FOR DRAI NAGE ASPHALT PAVEMENT
M XTURE FI ELD OF THE | NVENTI ON The present invention is related to
materials for the production of 5 asphalt pavenent. In particul ar)_ztm»ﬁ 2004
* present invention is related to materials for the production of asphalt

pavenent w th good drai nage properties and nethod of using tmm
BACKGROUND OF THE | NVENTI ON ~ o Asphalt pavenent m xes com'rJ m’ﬁmmm’mmm
pavi ng roads contain three nain conponent Sy m neral aggregates bifumen -
bi nders and fillers. The aggregates are generally graded stones passing

the spaces or voittR BHE0R oROR, DEAIRAYE KSpHALT BAVIAIENE HILEURE b na
the stones and 15 fillers together. In recent years, polyners or shredded

tyre dust have been added to sonme dense m xtures. These conponents are
m xed together to forma pavenent typically with voids of around 3-7%

These types of @ r g known as dense m xes. The use of
hydrated |ine O?I%Lps&matﬁﬁaigmh mneral filler 20 and anti-stri pping
agent is known in the art. Stripping refers to | oss of structure from

moi sture. (n the Thd presdint iHOEMIGtis UsehatBl id’%a%bﬁgls'(—i%l‘gﬂgé“ pfﬁé@u*a@ Rving

M xtures published by the National Linme Association Kenne

di scusses tge nggpRant r HRPH R A 2 t hods
of treatnent. Thege rresqaﬁ%mé?tnc'ﬁuggﬂlggﬁ?’esﬁﬁgﬂggéatue{?\éergtbdr?ggsct Pegéu‘e?o%educe

air voids and tKieRalsVEeRtithae Y| b SEHr e | ghe m xtur.e;
provi di ng adequat eedrlgi ﬁggﬂégb@'%tfjggﬁ%’?;bfr%?%'tn E%%P?Qé&“‘fﬂa&??df%w%%
pavenent throug Qﬂﬁ'ﬁé? vt i above the water table; or
t he use of treaPr nt na%ﬁgﬁg%’(tﬂpg%grugl/nén@ter%ﬂ@ure penetration. Hydrated
lime is one of the nost effective nethods of treating aggregates. It has

been suggested that |ine inproves noisture resistance by the bonding of
calciumwith the silicates in the aggregate, and by a possible interaction

or nodification N C (N t he asphalt. In some cases in
whi ch the aggr egg%gﬁqa@gﬁlpkoﬁ@aw%ﬁﬂég coatings, the pozzol anic
reaction between the calciumin the linme and the silica in the clay wll

occur) forti ng céisphaith paveinserte mixes tdoinsmpnliyoused tfof qrevitig foadshteitain
m xtures giving a target air void of 7% was used for testing, hydrated |ine

was shown to bethree efidie conysorientd s mifierhbaggiegaidstsiturien Brddre! shd Rérat ance
of asphalt m xtures when applied _
The aggregates are generally graded stones passing 20mm sieve size.
Fillers are fine particles of less than 75um to fill up the spaces or voids
between the stone aggregates. Bitumen is used to bind the stones and
15 fillers together. In recent years, polymers or shredded tyre dust have
been added to some dense mixtures. These components are mixed

together to form a pavement typically with voids of around 3-7%. These

types of mixtures are generally known as dense mixes.

The use of hydrated lime on dense mix pavement as mineral filler

20 and anti-stripping agent is known in the ar. Stripping refers to loss of
structure from moisture. In the prior art document Use of Hydrated Lime

in Asphalt Paving Mixtures published by the National Lime Association

(1984), Kennedy discusses the mechanism of stripping and proposes

N
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- the 20 range of about 15-25% This is achi eved by using angul ar

directly to the asphalt m xes. Another type of asphalt pavenent is known as
drai nage m x. The main difference between drai nage m xes and dense m xes i s
that the anobunt of voids in the drai nage pavenent is higher) typi | ynyi N
ge p gher) ygszf@#e@?’*a
pol ymer - nodi fi ed bitunmen binder (for exanple Cariphalte), or reducing or
elimnating the fine aggregate conponent fromthe m x. Drainage pavenents,
due to the high porosity, allow water to drain directly through the
pavenment structure, thereby inproving driving conditions during wet 2s

weat her . Furt hermetrejdsn@f sReattidrit! iTHeskeO nidtRoG4! eNIdI NEEHFEMhG Oﬁ%ﬁha@ -
2 APR 2004 3 the road is reduced due to the cushioning effect”of the air

kets. This t dictio o Woid : '
pocket s i's tygumpéctionto fedace af woids anlahbs 9}:&\/%& ?eﬁ%ﬁ‘r}:ﬁbn'ﬂg/nﬁﬁsé%er oads

climates or in densely populated cities in which noise polluti

are environnent ahtcs:qnéemauréﬁogwin%?gitaguﬁbg@r&%ﬁé 8! bgufét@%‘??gﬁ@gmg

drai nage pavenents s to be prone to re damagej re

R e

R L o 97 AT
conpared to nor ﬁ?gyrgﬁés‘&é%%egyg'ﬁ?é;ﬂmeﬁ QQ% ?fp&u‘gl ’F‘QS'??{?%%’R) mgHads: nal
Cnvent on pr ovi e ToRUNG, BgiATRIesonl Depdaren csHadsIad \iBat ohmer AMAEKSS xes
conpri ses hydrat | n_one cific,.enmbqdinent, the additive is

. Lime, sp . [ 1 )
hydrated |ime of'ﬁgﬁk%o'f%sb%i"tﬁ% Evaﬁa bending f calcluay withthegsilieates uni tbe of
0.05-3008m In ane preferred enbodi ma t, the hydrated |inme has a purity of
around 80- 100% &R‘%ﬁ%‘?v And By saPoseible dntegachion: e medificatisn &f dhadadidic2% i n
the range of 0.05-0Q.58 73-90%in the range of 0.5-758. mand 0.5-7%in the
range of 78230080r1oNg Akthenasphnitedr spae easrsdinnwhich theeaggregateschaversilthas a
purity of around 90-98% - 2 APR 2004 4 Ca(OH)2, and a particle size
di stribution of & surdacepgpatingsi éhe pageolaniosreactpmbetBeen the caldiemriange
of 0.5-75pmand 1-3%in the range of 76-300m According to another aspect,
an i nproved draithedimerprditse silivai ineithesclay mithiontury faminggealesim Isilivdts, sinand
hydrated |lime. The binder may be polyner-nodified or unnodified (i.e.
normal ). Exanpl dBisdiriatarieepdst, riol evhichmaixtusesrgivirgy admardgdt 410 void &F 2%ewd@l 100
bi nder. An exanple of polymer nodified binder is Cariphalte. The anmpunt of

voi ds in the draseddoer testings hydrateddimelwast sidM tadis avedffédtiveugieahbepfuse
of angular 1 o m neral aggregates and/or reducing the anmount of fine

aggr egat es15 The inppovingdher mioistgre rresistdmes bheisphske dmikiurdy WHen \Wpplied
mai nt ai ni ng the required drai nage properties. In the specific enbodi nent,
the inproved m xlireotipto thrsashHaltaMiNesdr ated |ine per dry wei ght aggregate
incorporated into the conventional conmponents of aggregates and

Another type of asphalt pavement is known as drainage mix. The
main difference between drainage mixes and dense mixes is that the
amount of voids in the drainage pavement is higher, typically in the

20 range of about 15-25%. This is achieved by using angular stones, a
polymer-modified bitumen binder (for example Cariphalte), or reducing
or eliminating the fine aggregate component from the mix. Drainage
pavements, due to the high porosity, allow water to drain directly through
the pavement structure, thereby improving driving conditions during wet

25 weather. Furthermore, noise pollution to the surrounding environment of



15 binders. In one preferred enbodi nent, 1-3% hydrated |ine per dry weight
aggregate is incorporated into aggregate and pol ynmer nodified binder. In
the nost preferred enbodinent, the m x conprises around 2% hydrapeg@Rljore of
- 90-98% Ca(OH) 2 per dry weight aggregate with 4-5% pol yner-nodi fi ed bi nders.
20 In a further aspect, both dry hydrated inme and wet [ime slurry may be
used as the additive. Alternatively, other divalent cation hydroxi des are
used instead of hydrated |line. The method of use is also given in detail in
the followi ng detailed description. Briefl§, the nmethod conprises the steps

of m xing hydra j L ner f . and binder..into a 2s m xfure;
pouri ng '? heym x?ﬁgerb%ﬁﬁ% rgatgcfgghﬂgggéﬁg%Qﬁﬁ'ogg}gpgﬁ?arﬂs tbﬂ@" p9g‘?§:Pﬁ"§004

m xture such that i nage .asphal t payenent nt ai ni oi ds, of, at | east
15%is formed. ?ypé‘??kgﬁ %‘gﬁﬁfo '@géﬂf%'\ﬁr Uﬁ@?mwe?ﬁ@%ﬂ\/%ﬂr ifhdepselowi ng
detail ed description . describes the preferred. enbodi nent for inplenenting
the underlying HaPHEts e‘g{'?ﬁ n Wi“%i SO Ppﬁﬁm"?fem rQﬁfi? 818 environmental ar t
shoul d understand, howeyer, that the following 5 descriptjon is neant to be
illustrative of GOHEeHI% e‘ier'iv'i’ﬁ’{ri gh P&rﬁ‘aS'Q’hg'ﬁpcP%?S akigast PaameRts
limting the principles discussed herein. In addition) certain terns are
used t hr oughout t?&? Pranedqimeishie danage nesywlting impaer deraplitsr t o particul ar
conponents or nmaterial. As one skilled in the art will appreciate, _
different conpanies may refer to a conponent by different 1o nanmes. This
docunent does not intend to distinguish between conponents that differ in
name but not in function. In the foll ow ng discussion, and in the clains
the terms "cont BRIER"PESGRIRUON"QF THE ldRAWINGSonpri sing" are used in
an open-ended fashion, and thus should be interpreted to nmean "incl uding
but not |imteg; q-ig- g- o el d &];%'?‘ .
refers to a pa\%qugﬁ”tlﬁa? ﬁ%%égaﬁr&g%@%\?gﬁg %@?/“élgo o@pﬁkés@&\gﬁge%es
not all ow si gngf,i ; inage therethrough. Drai nage asphalt

pavenent ref ergy?@gag\éﬁéeﬁéor#k%@t has a target void | evel of 15-25% for

t he purposes of allowing water to drain through. 20 Dense m x refers to an
asphal t ni %@ ur Eiguires 2%Q: shows dbepparticlessizd aditribbtion rofxiyges nA{G dysiratedar d
bat ch or continuos m xi ng process and paved onto a road surface would
produce a densbmespdudiclespeepettively.Dr ai nage nmix refers to an asphalt mixture
t hat contains conmponents that, - 2 APR 2004 when mxed in the standard
batch or conti puos mxin rpcess and paved onto.a road, suyrface woul d
produce a dr ai %’éeﬁs%aaﬁldoi&&’é{ﬁtr.esvgﬁoo(%rggﬁ?ls t'iat‘}[(@ﬂrt B KA Payemgt
voids present in a forned pavenent and is typically estinmated by nmeasuring
the bul k densi PSP‘ﬁ'fcePhécﬁP 'Bh Ot High REessMt %E(@N'% % fCOoMmpargg ¥eERalpi ed

t d bind . | 1e
by the aggregad?asmgae mllx%se{:gntaming {)ariphalte (Fig.3A) or normal Grade 60/70

15 binder (Fig. 3B).
SUMMARY OF THE INVENTION

The present invention provides, according to one aspect, an additive
for drainage mixes comprises hydrated lime. In one specific embodiment,
the additive is hydrated lime of 80-100% Ca(OH), and has particle size

20 distribution of 0.05-300um. In one preferred embodiment, the hydrated
| lime has a purity of around 80-100% Ca(OH),, and a particle size
distribution of around 8-12% in the range of 0.05-0.5um, 73-90% in the
range of 0.5-75um and 0.5-7% in the range of 76-300um In the most

preferred embodiment, the hydrated lime has a purity of around 90-98%



refers to fine material added to the mxes to fill the air pockets between
the stone aggregates. Durability of a nmaterial nay be determ ned b
measuring the Marshall stability, tensile strength, resilient nnad%&gwkand
resistance to noisture 1 o danage. Rel ative resistance of m x types agai nst
noi sture danage may be assessed by conparing their structural properties
before and after the sinulated weat hering treatnent, including Texas
boiling test and wheel tracking test. The aiexas boiling test is a visual
assessnent of the relative stripping resistance of binder aggregate. 15 A
mx with hydrat (@ﬁ)m agdln tpasticlessige ristabution tof araued i S2%y éu tiriramge i ty
if one or nore of the test results show i nprovenent over the sane m X

wi t hout hydr at e8-05-@SHaHB5-P0% infhr earege b 605-ZBurararati did% e theradgeriohage
m xes according to the present invention maybe produced using standard

met hods. I n ano¥A€30Qun.aspect, the Type C hydrated linme is the nost
preferred material as the additive. The various types of additives and the

met hods of produg . and their _use in draginage m xes are.

descri bed bel ow. %c@?rc&ﬁiﬁé%ﬁe%aﬂ%ﬁum Hﬂpweﬂyaﬁfe IMife!SaRERMided
Referring to Fi : t hydrated |inme 2) additive according to

t he presentSOi nvgﬁé@@%&%ggﬁwﬁdﬁmrﬁf&g&gﬁﬁaI"i"?ﬁe b?%i@l‘gqfn@aif be
techni ques. Typjcally, thi.s involves the production of quick lime (Ca0) by
cal ci nati on of PP&EQ‘HHBQ'{@%@&) andﬁflﬁﬂedr'-ﬁy Rrnadk  weemplesc ¢fg nermali~dc
lime to form hygrwgted linme Ca(OH) 2. Further downstream processing is

someti mes per f oPidars e BpyralGrade 60/78rorhmde-foiA0 binderpAn example dhese
optional steps are shown jn dotted |ines. One nethod of downstream
processing is tRRYMes Brodified dipderaisGanphallepaFhe eamountc ofirvoidsaine thel
fromthe fine material. If this step is perforned, the fine materi al

obt ai ned is ref dfairage @ixis atypast ahou 6% Cathieved ¢hroughethe despeofdamgulan t he
size distribution. Figures 2A-C show a specific exanple of each of the
particle sifze ~minerakaggragates aot/arredubingetheyarnount oy aygrbdate® The
particles. In the exanple of a Type A hydrated |inme shown in Fg.2A a
“relatively narrinprodededrainagedimix hiasuincregsedi turablRpo whild hrainyalninigethd | me
particles between 0.5-75pm The Type B hydrated |inme exanple shown in Fg.

2B shows an i nt equirédadraindges pipartiohiunithe, specific embodithemt] ¢he idptevey t he
0.5-75pm 20 range and 6% in the 0.05-0.5Nmrange. The Type C hydrated line

exanpl e shown imixi corAfrisdene.5-6% bivargRsl IFhg e pdrsidiy bwidignh: AkdreqarPr ox.
88% in the 0.5-75Nmrange; 10%in thyemo. 05-0. 5, lﬁ% rar%e an%ml.%ggi (hJ ﬁ:e

76- 300um r ange. in¢ekpoeatlds fimmes thé ec@fptishal Ap&Hertse e at ed
i me. - 2 APR 28*(?4 9 TABLE 1 © of édgﬂ%@aﬂafs
15 binders. In one preferred embodiment, 1-3% hydrated lime per dry
weight aggregate is incorporated into aggregate and polymer modified
binder. In the most preferred embodiment, the mix comprises around 2%

hydrated lime of 90-98% Ca(OH), per dry weight aggregate with 4-5%

polymer-modified binders.

20 In a further aspect, both dry hydrated fime and wet lime slurry may be
used as the additive. Alternatively, other divalent cation hydroxides are
used instead of hydrated lime. The method of use is also given in detail
in the following detailed description. Briefly, the method comprises the
steps of mixing hydrated lime, mineral aggregates and binder into a

25 mixture; pouring the mixture onto a base course; and compacting the



Particle size (p.mHydrated Linme Type AHydrated Linme Type BHydrated Line
Type 0. 05-0.5098- 998- 1290. 5- 75100%85- 95% 3- 90%/6- 3000%0- 0. 5%0. 5- 7% For
practising the present invention) wet slurry or dry hydrated |i-rjeARRdBler of
types A, B and C and hydrated |inme that has not gone through s size
separation may be used. The preferred concentration is 0.5-5%dry wei ght of
aggregate. The nore preferred concentration is 1-3% per dry wei ght of
aggregate. The nost preferred concentratiog is around 2% per dry wei ght of
aggregate. Hydrated linme is known in the art to react with asphalt mxes to
forma 1 o wat emixtge ssupht thadra deainage caspiialtgpavernndret powrtaeing | voids tof oat,
hydrated |inme can al so be used for the inprovenent of durability of

dr ai nage m xes \#astd S%iismfaimsEdag t he drai nage required for drainage ni xes.
Results (not shown) show that adding hydrated |inme to drainage m x does not
adversely affect the structural properties of the resulting pavenent. 15
USE OF HYDRATED LI ME FOR | MPROVI NG THE STRUCTURAL PROPERTI ES OF DRAI NAGE

M XES The addition of 0.5-5% of hydrated |linme nay be added to drai nage m x
according to the present invention to inprove one or nore structural - 2
APR 2004 10 properties of the resulting drai nage pavenent. |In another
preferred enbodi nent, 2% hydrated |line is added to a drainage mx. In the
nost preferred enbodi ment, 2% Type C hydrated |ine is used. Table 2 shows a
study of Marshall stability of pavenent produced 5 according to the present
invention. In these exanples, 2%dry wei ght



Type A) B or C hydrated line per dry wei ght aggregate was added to drai nage
m xes containing 4.5% either normal Grade 60170 bitunmen or Cariphalte

(pol ymer-nodi fied binder). The use of all 3 types of hydrated Ii

i ncreases the Marshall stability of the resultant drai nage pave t @o W th
Type C hydrated |ime show ng the highest increase. Type C additive al so

| nproves resilience nodul us of both the normal and pol yner-nodified binder
by 15-17% (results not shown). TABLE 2 Typg of drainage m xType of hydrated
lime additive (2% Change in Marshall stability conpared to no additive

control prior t p fied binder Type A+0. 76kN
(7.8% Pol yner - no Eﬁﬁﬂ?ﬁl%& éﬁﬁziq%@ 0% Pol yner - nodi fi ed
bi nder Type C+2. 74kN (28. 0% Nor mal bi nder Type A+1. 38kN (15. 49 Nor nal

bi nder Type B+1. 35Khe (dllovifg Netaitdd descriptibnpdesttibes tkél préferiid embodinémR
2004 11 USE OF HYDRATED LI ME FOR THE | MPROVEMENT OF DURABI LI TY OF DRAI NAGE

M XES 1- 3% hydr #betinplemeritingathdednderying rprireigiée of tieapidsehy infentioni Tree
m xes agai nst noi sture damage. In the preferred embodi ment, 2% hydrat ed

lime 5 is used. dkiliddheinmisé anretRourd Lﬁﬁ@ﬁhﬁﬂnthoﬁ@@ewplﬁaﬁ thied rfoll@Wirld

I s added to drainage m xes. Laboratory simnul ation tests were conducte

assess the gf f ecddatApasS léJﬁwtah?td)bé?Iﬁmra'th%ﬂhé’ﬁreséhf inYBAfGATEAN ‘éﬁb@l%
treated with 120 cycles of weathering conprising 2-hour wetting an our

Sy e o mot%%;ﬁé&t@eﬂhéf"'ﬂﬁwzﬁﬁ%@r'be@g&?é@@ﬁ%eﬁfhﬁ.ﬁé b fledfen
a1, Y4B gty e S VARG 8 IFHAEREsEligER SRR -
refer to partlcular components or material. As one skilled in the art will
appreciate, different companies may refer to a component by different
10 names. This document does not intend to distinguish between
components that differ in name but not in function. In the following
discussion, and in the claims the terms “containing”, “including”, “having”
and “comprising” are used in an open-ended fashion, and thus should

be interpreted to mean “including but not limited to ....... .

15 As used hersin, dense asphalt pavement refers to a pavement that has
a target void level of 7% or less and does not allow significant water
drainage therethrough. Drainage asphalt pavement refers to a pavement
that has a target void level of 15-25%, for the purposes of allowing water

to drain through.

20 Dense mix refers to an asphalt mixture that contains components that,
when mixed in the standard batch or continuos mixing process and
paved onto a road surface would produce a dense asphalt pavement.

Drainage mix refers to an asphalt mixture that contains components that,



Type of drainage m xType of hydrated |ine additiveChange in Resilient
Modul us conpared to no additive control after the weathering

processPol yner - nodi fi ed bi nder none- 13. 0%Pol yner - nodi fi ed bi nder Zz(%JHl}%
A+11. 1Pol yner - nodi fi ed bi nder 2% Type B+68. 1Pol yner - nodi fi ed bi nder 2% Type
C+76. 9%Nor mal bi nder none- 1. 1Nor mal bi nder 2% Type A+88. 3%Nor mal bi nder 2%
Type B+25. 5%Nor mal bi nder 2% Type C+37.9% 15 - Z APR 2004 12 The

pol ymer - nodi fi ed bi nder m x wi thout hydrated |ine suffered a significant
decrease in resilient nodulus after the weathering treatnent, while the
normal m x was uwhker doixed. inTHe standardnbatcht e CORtiRUOS YRIXINGD PraGeESa e

i me, however, brought about a significant increase in resilient s nodul us
for both nornmal pavedpwityreeroatbsiifacadwbiitddproduce @sdrainage asphadt paverdento be
nost effective for the polyner-nodified binders, while Type A was nost

fo rutting of tnevReraEsbAlarosls o 8L B Easttih Aioneag ahiliecf BBl Pe'
Present i nvent | dhORIFAISgUTAEEEEY roedbun et sty AL g BNE g s 1"
b ndor S nbe ¢ rEggeing o fiwolae qegined o satiasetts el e (e ' *
Erbodi ment . a1 (TRISTa AR /Batial a45PRLS BerEes s 10 b8 ahpobksl hewesh °°

performance as a polyner-nodified binder. If further performance

enhancenent is rtBEHPRRI20gMIA®SHe additi ve may be added to conventi onal
pol ymer - nodi fi ed m xes according to another enbodi nent of the present

I nvention to prodeﬁﬁamthes' teﬁél%ﬁggfe eI bg%éaétﬁﬁé' {fe Mpshanown)

al so revealed no signiticant deterioration 1n 20 Marshall stability due to

weat her i ng pr oceggpijiyn t@%ieetskggh%t?\h?eéiﬁénphoﬂblust UrRCrAbhby B BRGNS

the durability ai nagé m xes, as In ted by the eel
T Ki Test i I,g. 1 f j
TE2CnS, TSR A6, MRl g o0t oo TbEs Aok ERUBEngTRmald oy ve
Repl acement Page 25sSSReARESmba G B GEUIRL sfberfion bRMTeSand atterfher
boiling test cond ' 2% T A B ar h
(Vo (ype of dra ﬂ%&iﬁﬁﬁﬁiﬁfﬁgﬁpﬁﬁwadef?wg@g ?‘%%i%?ﬁv'hbﬂﬁfﬁﬁgf\??@h?@”f
observed wi e yse ree, type . hydrated |ine. Bud [SShQ
the boiling testl@ Q/fes""@ra he, %%%Qg'ﬁgg E"asgé%laovr'lsua assessment of the relative
stripping resistance of binder aggregate.
15 A mix with hydrated lime additive is considered to have improved

durability if one or more of the test results show improvement over the

same mix without hydrated lime additive.

Hydrated lime as an additive for drainage mixes according to the

present invention may be produced using standard methods. In another

20 aspect, the Type C hydrated lime is the most preferred material as the
additive. The various types of additives and the methods of producing the

same, and their use in drainage mixes are described below.



- significant when lime is used. Anong the three types, type C

s the percent binder coating remaining) was nore significant on bigger 'size
aggregates. Finer aggregates tend to retain binder better than coarser
aggregates when line is not used. Such dependence on aggregatz Z@ is |less
3}% éd i me
had t he best performance. 10 Table 4 Type of binder in m xType of hydrated -
lime additive Aggregate Size (nm 13.0 9.5 1i.75 1.18 Al SizesPol
nmer - nodi f i edNone80%85%85%85% ~100%Pol ngr - nodi fi ed2% a A95Y®5995% 98%98%ol
mer - nodi fi ed2% B ' 959%90%095%95%98%0l ner-nodi fi ed2% a
C98%95%08%98%98%Nor mal G50170None70%%09085%90%95%Nom al G50/ 702% a
A90990%1.0094.00%0©8%Nor nl al G601702% a B100Y®5%0©5%05%08%Nor mal G560l TO2% a
C10094.0094.0094.0094.00% Fi gures 3A and B show results of wheel tracking tests
on pavenent ~ 5 pr oduced aocor~ding to the present invention as conpared to

nom-al drai nag drateddimeradditiver ade 60170 bi nder (Fig. 3B) or

pol ymer nodified bi nder (Fig.3A). Both drainage m xes w thout hydrated |ine
S5k Fooa”h 2 SGPFAE Pl Rl  abdARBEe he
BSEE hs vere. féf eé?oi@%e'“"‘b VorloR RS PP PBRuct by o PagAE e “profediit ¢ ves.
and no siggs ofy , f Xes
e B e T e
m xes wth pol yner-nodified b|n ers ype and C hydra
- performed bett dimd taforty hydratedlimer OR(OM), N FarthefidéWnstream processing is

sometimes performed for size segregation and removal of impurities.

these optional steps are shown in dotted lines. One method of
10 downstream processing is the use of air separators to separate the

coarse material from the fine materal. If this step is performed, the fine

material obtained is referred to as.types A, B or C hydrated lime,

depending on the size distribution.

Figures 2A-C show a specific example of each of the particle size
15 distribution of the three types of hydrated lime particles. In the example of
aType A hydrated lime shown in Fig.2A, a relatively narrow range size
distribution, with 100% of the hydrated lime particles between 0.5-75um.
The Type B hydrated lime example shown in Fig. 2B shows an
intermediate size distribution, with approximately 93% in the 0.5-75um
20 range and 6% in the 0.05-0.5um range. The Type C hydrated lime
example shown in Fig.2C shows the broadest size disfribution, with
approx. 88% in the 0.5-75um range; 10% in the 0.05-0.5um range and
1.5% in the 76-300um range. Table 1 shows the general range of the 3

fypes of hydrated lime.



- 2 APR 2004 15 METHOD OF LI ME ADDI TION The hydrated Iinme nay be added to a
drainage m x in various nmanner. Sone non-limting exanples of nethods of

m xtures are described bel ow. Exanple 1 5 (a) Transport danp or - WatR 2004

- aggregate onto a prem x plant. (b) Add dry hydrated linme to wet or danp
aggregates that have not gone through the drying process yet. (c) Dry this
m xture together in a dryer. (d) Load the dried m xture into hot bins where
their size gradationis 1 o controlled. (e)9 Rel ease a correct anount of
aggregate of the prescribed gradation into a batch mixer. (f) Mx in the
batch nixer. (g) Blend in the softened bf AF.115 (h) pour the mixture onto
the prescribedwearing course and conpact the wearing course to the desired
conpaction. BEdanple 2 Add dry hydrated ling to wet or danp aggregates afpd

then spray a gmaPardeiowide of | vay@até®Lie i Hydifed 19eoWe HR¥afdEPfmé C) to

h) of Exanmplg 1. 2 ampl e} 3 S smalfl a f er o the t

ggéregate gﬁd Lh@_a_gﬂﬁfdrg h/draﬁﬁ%gnp follmﬁég\? st eps (g@tp[eo (h) of

Exanple 1. 3 ppR).GBG#516 0% 3-9% 8-12%
0.5-75 100% 85-95% 73-90%
76-300 0% 0-0.5% 0.5-7%

For practising the present invention, wet slurry or dry hydrated lime
powder of types A, B and C and hydrated lime that has not gone through

5 size separation may be used. The preferred concentration is 0.5-5% dry
weight of aggregate. The more preferred concentration is 1-3% per dry
weight of aggregate. The most preferred concentration is around 2% per

dry weight of aggregate.

Hydrated lime is known in the art to react with asphalt mixes to form a

10 water resistant barrier. According to the present invention, hydrated lime
can also be used for the improvement of durability of drainage mixes

while maintaining the drainage required for drainage mixes. Results (not
shown) show that adding hydrated lime to drainage mix does not

adversely affect the structural properties of the resulting pavement.

15 USE_OF HYDRATED LIME FOR IMPROVING THE STRUCTURAL
PROPERTIES OF DRAINAGE MIXES

The addition of 0.5-6% of hydrated lime may be added to drainage

mix according to the present invention to improve one or more structural



Exanple 4 Spray hydrated linme slurry onto danp aggregates to the desired
concentration, followed by steps (c) to (h) of Exanple 1. Exanpl e, appiuid
dry hydrated lime onto dry aggregates that have previously gone through the
normal drying process i.e. after steps (a) to (f) of Exanple 1. Then add
softened bitunen binder to the |ime-aggregates mxture i.e. steps (g) to
(h) of Exanple 1. Exanple 6 1 o Add dry hydrated |line directly into the
sof tened bitunen binder, and follow steps gg) to (h) of Exanple 1. Exanple
7 M x quicklime powder with wet aggregates and spray sone water to all ow

t he qui cklime t opriopeftidd yof hiper eesaultinithedrafradeopavesent.( &) amothé) mhfdxedpl e
1. 15 Wiile the present invention has been described particularly with
references to thembbdineentn2% hydrafggddimefs hddedtted Hiameagenchixlr ini thagmost xes,
it should be understood that the figures and results are for illustration

onl'y and shoul d preferped eatximent, 2% Typedd hydrdteeé livievienisedn. | n 20 addition
it is clear that the nethod and materials of the present invention has

utility in many a j catigns where the oduction of durabl e drai nage m xes
is required. It iilgu?nge oM@ sy %%réhélhgséé}"&bfddnﬁawmeﬁt ispdused be
made by one of ordingry skill in the art wthout departing fromthe - 2
APR 2004 175spi rRGCOIHING: inuthe. prrsest inyrRNtiony dRtthese exa@mplesd2%rsiry exeight e,

al though hydrated line is used as the exanple for the present additive in
the drainage ni xIYR® AeB &riGaihydeatadt lime aperdiynweiohhl aggregatei was addsd &s
dolomte line and magnesi um hydroxi de are considered equival ents. 5 Besides
Cari phal te, ot hedraingages mixegreantainiog #.h#eeithemnoweali Geadal 68/7(h bithmedr ai nage
m x according to_the present invention. These include, but are not limted
to, G |sonite-nidafiphalteipalymern@difiedibindén.ofhewsei dfall Sitypasnof byddated and
synthetic or natural rubber-nodified binders, or a conmbination thereof. The
types of binder lmatincreasee the darshalh rstiabitityt of theeesultanprdraimaigel paeetient

i nclude, but are not limted to grade 40150, 6070, 80/100) 120l 150 or a

conbi nat i onot herwith TyperC dydratgdimeohowitigithe chighiest iigreaséi nder nay be
m xed with the appropriate mneral aggregates and linme additive to produce

mproved drai nager gl e AR BHSTTRDIGHER FeMihekrid¥Eul S BB L Sl 1°

and polymer-modified binder by 15-17% (resuits not shown).

TABLE 2
Type of drainage mix Type of hydrated lime Change in Marshall stability
additive (2%) compared to no additive control

prior to weathering process
Polymer-modified binder Type A +0.76KN (7.8%)
Polymer-modified binder Type B +2.15kN (22.0%)
Polymer-modified binder Type C +2.74KkN (28.0%)
Normal binder Type A +1.38kN (15.4%)
Normal binder Type B +1.35kN (15.0%)
Normal binder Type C +2.77kN (30.8%)




z aPR 2004 18 CLAIMS 1. An additive when used in drainage m xes for

i nproving the durability of asphalt pavenents, said additive conprising
hydrated |ime, said hydrated |ime having a purity of 50-99% Ca( O)APR 4604
havi ng particle size range falling substantially in the range of

0. 05-300Nm 2. An additive according to claim1l wherein said asphalt
pavenent drai nage m x conprises stone aggregates and bi nder used for the
production of asphalt pavenment containing g{ least 15%voids. 3. An

addi tive according to claim2 wherein said binder is a~normal binder or

nmodi fi ed bi nder. aj d. Dbi ris
a normal grade 3 -0 ot mﬁ WL%/ 100
bi nder, nor nal g@%@&&ﬁer G | sonite-nodi fied binder, synthetic
rubber - nodi fi ed ' ubber - nodi fi ed bi nder, polyner nodified
bi nder or cariphalte. 5. An additive for drainage m X used when used in the

production of aspi3sh hydeateduinie isseddbd sl improresthbaturasilify Qf@@lt%dgélmlxes
consi sting essentiall y of hydrated |ine, nmagnesi um hydr oxi de and dol omte.

6. An additive Ghoigtdre B vi ng
o puri iy of 8090l e o B P 125

in the rang of; M F,Wa

76- 300Nm g Ar%sa glat ?‘ve acc%sﬁﬁﬁgé’rt%fg al m@BV\}ﬂcebr%l ﬁ)/ﬁsal d g ?ﬁ?)gvenent
dr ai nage mx C O z#{benﬁg%r egat es and bi nder used for the producti on
of asphalt paverrent cont aimng at | east 15%voids. 8. A mxture for the
producti on of drainage asphalt pavenents conprising m neral aggregates,

bi nder and hydr dtalwratary. simulationi testsr weee condictgdtio asssiss {evéféactiveness d

bi nder is normal binder or nodified binder. 10. A m xture according to

cl ai m 9 wher ei rof dhe cpriesadkinviestiann dlingpeaimeds wWérestrebieddwith 120 ngyicley afle
601 70 bi nder, normal grade 801 100 bi nder, normal grade 120l 150 bi nder,

G | soni t e- nodi fweathbiing @omprising 2thaurrwethieg- anxti PHicent dryindeper oydlelr éfore
rubber-nodi fied binder, polyner nodified binder or cariphalte. 11. A

mi xture acaor dibeing tested fomiaeshalll stabititySarid reditRire infodiAds] TEDIS B" shdws Giapabl e
of produci ng drai nage asphalt pavenent containing at |east 15% voids. 12. A

m xt ure accor dighgct ﬁmhémmda‘ul@é aftémaddifidn bhwﬁéélASBldi cbhvd?erted Sinfe &30
vol /vol, said hydrated linme is 1-3% wth the rest ot the volume contai ni ng

st one aggr egat gfaink b, rein
said hydrated I|i rarlg ?gnﬁﬁéﬁ%g?rl%r@ﬁgmngio?ﬁg%@faﬂé%m%%g%égzoﬁﬁyﬁ?

m xture accor difggditied Bigene of claims 8-13 wherein said hydrated Iine has
a purity of 80-98% 15. A m xture according to anyone of claims 8-14
wherein said hydrate linme has a particle size distribution of around 8-12%
in the range of 0.05-0.5pm 73-90% 0.5- 76ABLER 0.5-7%in the range of
76-300Nm 16. A mixture for the production of drainage asphalt pavenent

conprising m peTelel@=Yo) s, pol Qi n

sel ected fromjt g‘i%r ou;?%cgﬁl)!sel stin ¥}% %‘1 '@%of agoet 'e%ﬁoﬁ%!% ijum
hydr oxi de and |dolomte. 17. A mxfure accordl ng t eq,ﬂ{g G;th oce gal

m xture is caf i a-Rage—asphakt A

LAY A=l S A R A= L | A= A= LR~ B A

or di nBPR% any dne of cl aﬂ?rﬁ%16 17 wherlei n
Fnydoat e 1[5 I-3% WL, T re Test of
agg ecla?g ﬁ’gié A ixture accz')rqdo ing to an

ncentrativ@g.iss 1.5 - 2.15%
20. A mxture } }

lime has a pur| ;9')’5‘?"8'8"'9%1’/8""2&’. A m %Yﬂﬂ@eﬁccoru ng to ary68e of clains
16-20 wherein[sard QyHGAL Tne nas a p Cle Sijze arstrit on of_arognd
8-12%in the fange %/r% %@e Spmi 73-90% Q. 5- 75Nh and 0. 5- ?%%’n t he rande
of 76-300Nm 22. A mmﬂam:lndef pr odum ng%aryﬁéal nagdq asphal t +paaedrent
conprising: mgxtng . r-at-et—H-retrer-a—aggreggt-es—ana—b-rder—-Rto—a
m xture; pourilng sal éu“}ﬂ%qﬁfe ontjo a Bé’sTé(F’%ggrse and corrpt§§15|/°ng t he

m xture such yhat angralfae aspiart pa T conftai i Ng va,Lds, of _at Teast
15%is formedl_AL _AE9 A9 A A BAUGPEE \3Y 9%

. 6. As. A?. AgAl eE. A" @ Al ?. A. AYe. AsNy) . Aus% A39. ASAF. A°. A 9PHdL

| east 15% voi (
sai d binder 14
t he vol ume corn
one of clains
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to produce drainage pavement that have the same durability as polymer
modified binder. Since the cost of lime addition is lower that of polymer,
the present invention reduces cost of drainage mix production by using, in
one embodiment, a lime additive on a normal binder to give the same
15 performance as a polymer-modified binder. I further performance
enhancement is required, the lime additive may be added to conventional
polymer-modified mixes according to another embodiment of the present

invention to produce a superior drainage pavement.

Test results (not shown) also revealed no significant deterioration in

20 Marshall stability due to weathering process. In addition, the use of all
three additives improves the durability of both types of drainage mixes, as
indicated by the Wheel Tracking Test as shown in Fig. 3A and 3B. Type B

was found most effective for the normal binder mix, while there were no

differences in the performance of the three types in polymer-modified

25  binders.
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Table 4 shows results of Texas boiling test conducted using 2% Type A,

B or C hydrated lime on the same two type of drainage mixes. Improved
binder coating performance was observed with the use of all three types of
hydrated lime. The effect of the boiling test, as visually assessed based on

5 the percent binder coating remaining, was more significant on bigger size
aggregates. Finer aggregates tend to retain binder better than coarser
aggregates when lime is not used. Such dependence on aggregate size is
less significant when lime is used. Among the three types, type C hydrated

lime had the best performance.

10

Table 4

Type of binder in | Type of
mix hydrated Aggregate Size (mm)
lime additive
_ - 13.0 9.6 4.75 1.18 All Sizes
Polymer-modified | None 80% 85% 85% 85% | 100%
Polymer-modified | 2% type A 95% 95% 95% 98% 98%
Polymer-modified | 2% type B { 95% 90% 95% 95% 98%
Polymer-modified | 2% type C 98% 95% 98% 98% 98%
Normal G60/70 None 710% 60% 85% .| 90% 95%
Normal G60/70 2% type A 90% 90% 100% 100% 98%
Normal G60/70 2% type B 100% | 95% 95% 95% 98%
Normal G60/70 2% type C 100% | 100% | 100% 100% 100%

Figures 3A and B show results of wheel fracking tests on pavement

15 produced according to the present invention as compared to nomal
drainage mixes with 4.5% normal Grade 60/70 binder (Fig. 3B) or polymer
modified binder (Fig.3A). Both drainage mixes without hydrated lime

additives produced signs of failure during the wheel tracking test. The
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addition of any of the types of hydrated lime improved the rutting

resistance of both drainage mixes. For both types of mixes, the rut depths

were reduced by about half with the use of hydrated lime additives, and no

signs of failure was observed up to 6,000 wheel passes for mixes with

5 polymer-modified binders and up to 5,000 wheel passes for mixes with
normal binders. All three types of additives were equally effective for the
mixes with polymer-modified binders, and Type B and C hydrated lime

performed better than Type A in normal binder mixes.
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METHOD OF LIME ADDITION

The hydrated lime may be added to a drainage mix in various manner.

Some non-limiting examples of methods of mixtures are described below.
Example 1
5 (a) Transport damp or wet aggregate onto a premix plant.

(b) Add dry hydrated lime to wet or damp aggregates that have not gone
through the drying process yet.

(c) Dry this mixture together in a dryer.

(d) Load the dried mixture into hot bins where their size gradation is

10 controlled.

| (e) Release a correct amount of aggregate of the prescribed gradation into

- a batch mixer.
(f) Mix in the batch mixer.
'(g) Blend in the softened binder.

15 (h) pour the mixture onto the prescribed wearing course and compact the

wearing course to the desired compaction.

Example 2

Add dry hydrated lime to wet or damp aggregates and then spray a small

amount of water to the mixture, followed by steps (c) to (h) of Example 1.

20 Example 3

Spray a small amount of water onto the wet aggregate and then add dry

hydrated lime, followed by steps (c) to (h) of Example 1.
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Example 4

Spray hydrated lime slurry onto damp aggregates to the desired

concentration, followed by steps (c) to (h) of Example 1.

Example 5

5 Add dry hydrated lime onto dry aggregates that have previously gone
through the normal drying process i.e. after steps (a) to (f) of Example 1.
Then add softened bitumen binder to the lime-aggregates mixture i.e.

steps (g) to (h) of Example 1.

Example 6

10 Add dry hydrated lime directly into the softened bitumen binder, and follow

~ steps (a) to (h) of Example 1.
Example 7

Mix quicklime powder with wet aggregates and spray some water to allow

the quicklime to be fully hydrate. Then follow steps (a) to (h) of Example 1.
15

While the present invention has been described particularly with
references to the aforementioned Types of hydrated lime and drainage
mixes, it should be understood that the figures and results are for
illustration only and should not be taken as Iimitatibn on the invention. In

20 addition it is clear that the method and materials of the present invention
has utility in many applications where the production of durable drainage
mixes is required. It is contemplated that many changes and modifications

may be made by one of ordinary skill in the art without departing from the
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dolomite lime and magnesium hydroxide are considered equivalents.

5 Besides Cariphalte, other types of modified binders may be included in the

drainage mix according to the present invention. These include, but are

not limited to, Gilsonite-modified binders (Gilsonite from American

Gilsonite Co.), and synthetic or natural rubber-modified binders, or a

combination thereof. The types of binder that can be used according to the

10 present invention include, but are not limited to grade 40/50, 60/70,

80/100, 120/150 or a combination thereof. Various types of modified or

normal binder may be mixed with the appropriate mineral aggregates and

lime additive to produce improved drainage mixes and pavement

according to the present invention.

15
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mixture for the production of drainage asphalt pavements comprising mineral
aggregates binder and hydrated lime.

9. A mixture according to claim 8 wherein said binder is normal binder or
modified binder.

10. A mixture according to claim 9 wherein said binder is a normal grade 40/50
binder, normal grade 60/70 binder, normal grade 80/100 binder, normal grade
120/150 binder, Gilsonite-modified binder, synthetic rubber-modified binder,
natural rubber-modified binder, polymer modified binder or cariphalte.

11. A mixture according to any one of claims 8-10 wherein said mixture is
capable of producing drainage asphalt pavement containing at least 15% voids.

12. A mixture according to any one of claims 8-11 wherein said binder is 4-5%
vol/vol, said hydrated lime is 1-3%, with the rest of the volume containing stone
aggregates.

13. A mixture according to any one of claims 8-12 wherein said hydrated lime
concentration is 1.5 - 2.5%.
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21. A mixture according to any one of claims 16-20 wherein said hydrate lime has

a particle size distribution of around 8-12% in the range of 0.05-0.5um, 73-90%

0.5-75pum and 0.5-7% in the range of 76-300um.

+he

22. A method of producing a drainage asphalt pavement comprising:
mixing hydrated lime, mineral aggregates and binder into a mixture:
pouring said mixture onto a base course; and
compacting the mixture such that a drainage asphalt pavement containing
voids of at least 15% is formed.



