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The present wvention relates 10 a process for preparing & bot oy that provides for mixes
compriving 8 reduced content of binder secunding to the preamble of clais 1 while mainlaining
excelient ywechanical performance. The tovention also relates to the mixes obtaioed by this process

O

as well as coustrogtion layers of coatings made therewith, The invention hay thus applications in
the civil engiveering fAeld and especially, the construction of repovation of taxiways of runways
According to the nvention, by “mix”, it Is meant aggregates mixad with a hydrocarbon
binader such s hitumen or with syuthetic biaders mantfactired from raw niaterials of petrolewm
origit o foan bomass, used fo muke lavers andfor vostings for nad construetion andior vl
engineoring. The bitumen is the main hydrocarbon binder used in the romd constustion or civil

s fletd, I can be wsed pure or wodified by adding polymers; 8 i then called modified

The eurmatly wsed procusess for producing speresats and bitominens product nyxes can
be divided do tvor separate classes: the processes for producing cold or hot mivey {Menrobhed” o
“erwobage” in Frenoh}, By “hot mix”, it ¢ meant an aperation ina mix coating plant, comprising
fc‘:vz:p@;azing water front the material and puiting the later at the conting temperature,

he invention focusss un bol mix coating processes carried out al temperatures higher

v

than 18T yeing Mounen in anhydrous form, I 2 How state seffiodent 1o soxure 8 good coating of
the aggrepstes.
The traditional provess far manufacturing & hot mix covsists in bjeciing at onee the
hvdeocarbon binder ¢m & previously hested gramular mixture and iixing them together. The
manufacturing teraperatire i set out hased ant the viscosity of the bitundnous hinder usad. In this

progess, the whode hinder will cont the entipe skeleton and the manufaciure 1s done In one step.

A totof research hay beewn carried out fir optimize the procusses for preparing ot and cold
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& was potably proposed o schieving & cold muix, mors prrticudardy, s omulsion wmix, to

erforpt @ colid or hot pre-coating of the sand. This pre-coating step resulis in an agglomseation of
28

s

the finest elements, There are hardly any free cloments left baving = size of less than 40 po in the

sand. So, these agglomerated sand fines ro Joviger participate in the second coating. The FR Patent

2686 630 discloses, for example, a process for manufctwring voad asplalt mives using
sirpuitaneousty bt and cold costing technigues and especially the hot pre-ooating of the sand. This
PEOCESS c;‘;rresg_:»ox}ds: to the wndostnal procexs for producing the Comporsae M2,

Processes for preparing hot mives mnnuthetured &f reduced fernperative, based on the use

of wir tumineus hinders, were also proposed, The purpose of these processes s o control the

Binder viscosity in order to muanafactore and implement the mix at lower tomperature,
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Mention may be pariicelasly made of the soft binder and foamed bituoenrhased Shell
Keolo Vetdekke process disclosed o the WO Q1/82852 application, This process allows the pux to
be nplemented af lower tonperature.

Mention may alse be nuade of the DEUTAG DE 43 08 367 patent which disclosss &

.

process for prodocing asphalt nux at sedoced {dmparatite valng & CHating process i two ;){*asm
involving sucorssively 8 soft hinder and then, a hard binder.

Finally, producing mixes with a lower context of binder, hased on an incorporation order
control of the conponents, was proposcd. Thus, in the patent a;};:ﬁ.ieati{m ER 1 408 1587, the whole
bitaminous binder is injected o the gravels, snd then the fnest lorovds of the stone skeletont we
mworporated gradusily price to Gnally adding the sand. The US Fatent 4,993,835 A also discloses a
progess fir preparing a hot mix,

The present vention relates 1o 3 process fn preparing hot mixes which cnables to sltain
six formolations comprizing & lower content of hydrocwrbon binder. These compositions s
optinazed in term of performance and bitemen binder consamption. The process of the invention

comaists i incorporating the same bitonunous Boder i two succssive stops 8t @ single
manefzctunng tomperature.

Thersfore, the present invention relates 8 & proogss for prepaving a bot mix with »

T
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raduced content of hydrocarbon binder, xaid mix comprising & specified anount of & hydrosarba

bingder and & granular muixiore compristng at leasy fre olousnty sl as fnes and comrss sggresatss
auch as gravels, grits andior sands, said process comprising st teast the fnllowing suveessive steps:

. first, incorpuorating into the whole granuler mivture only a fest pwt of the

fwvdrocarbon binder sproificd st in & mixer,

“ wet mixing to form a nastie,

- sevond, noomporating the remaining amount of hydroearbon binder,

- mixing,

I iy well understood that the fiest part of the birder spreified amounns, fy ttal weight, 6
foweer than 100% by weight and abwo higher than 0% by weeight of the specitied smount, and that
the second part is the balance thereof to 100%6 by weight of the specified amount so that theve
would be twe stecessive incarporations of iy

Secording to the mvention, the incorporation step of the firdt part of hydrocarbon hinder
is on the whele granular mixtare. The term “whole”™ rasans that all the granular mixture fooming
componeids, Lo the soarse agmregates and fine cloments, are prosent Juing this fisst step. n the
sense of the present applivation, the tonws “granelar sdxte” and “stone sheltuw” we wed
interchangeably.

According 1o the procoss of the invention, the fiswt inctrporation of binder rosuliy & an
seolomeration of the finesl cloments and the gravels are ouly costed very partially. The thos

obnained mastc s eanched i fine glements.
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The mastie delfines wsanlly the micture made up of the bttupunous binder sad the finest
eloments of the stone skeleton. However, without fommally specilfving the maximum size of the
clomants of itg composition, the i’i@i?{}wmg reasoning osn be applied. Under the sssumptin od a
matertal consisting of spheres on which the Binder would distiibute evenly into a film of constant
thickness, it can he demonstrated that the surface of dlements having s damster dower than 128 wm
oonstitutes the majority of the contact surface developed by the stone skeleton, typisally more than
BO%6. This Tt can be thus selected for the saximum size of the mastic constituent parts. The Sest
mwotporstion of binder agglivnerates thersfors all the fne cloments of the wranudar mixture,
nctuding those prescat on the surthee of the coarser cloments of the sand snd gravels.

Throwds this first step, fine sovivhment of the first part of hydrocarbon binder Hmits its
substquent mixing with the reroaining amount of binder, The remaining ameusnt of biader i then
finudly vont all of the skeleton gravely, and sy fues disappesred {they were taken by the binder
dusing the first stegs, its visvosity changed Hitle.

A mixture of bibeninous bioder and minersl fnes s chavacteristios significansly
different frown those of the binder alone, keluding 3 modulss nnltiplied by g factor of arsund five
o ton, and @ sobdantially incressed visvosity, which reduces i3 t.\a':t:img capacity. ¥ was thuy
measured, for 2 1020-grade hard bitomwens, moduli on pure hinders &t 1590, 10Hz of 290187 Pa
and 375,107 Pa, respectively, and on mastiox prepaved with these hinders, modall of 1L28.10° Pa
and 2.2.10" Pa, an increase in the moduhe betwien pare binder and mastic of a factor 4 1o &, In the
sase of the invention, the second binder lnsorporation provides the mixture with pure bituroen that
is not foaded of Hoes, thus maintaining s owa sperifie characteristics.

Surprisingly, the applicant discovered that by incorporating the bitunnnous binder in two
steps, products are obtalved having mechasical perfiwmance messured in laboratories that is
virtually identical to that of a teadittonal method wivile raducing by 3% to 996 the smwount by weight
af btuninous binder roguired to propare the mix, Lo, the amow reguived o form the hydrocarhon
hinder and stone skeleton nuxture,

Morgover, acvording to the process of the Invention, ondy one binder being used, the

coating devices do not requive rosjor changes. o comparison with the process that would allow the
reduction of the wix preparation tenperature achisving an injection of two binders different in
wiore, the device of the Invention s even simplified becasse 8 single binder tank ran be
fphaneated.
The process of the invention s thevefore 3 procuss saxy tor implerment and having clear
economic benefits. This provess does uot reguire suy modiBestion of the conting existing
structures, and more nportantly, ¥ allows significant savings In e quantities of hydrocarbon
hinder.

Taken in the general sevse, mixes fchude all the types of sephalt mixes, for base and

surface course. b sl esses, ¥t iv a hydrocwbon Mndor and stoue skeleton mixture comprising



optionsly dopes wndior additives. The different kinds of mixes can be distingdshed according 1o
thedr binder content and field of apphcation

Asphalt mixes that van be prepared acconding to the process of the tovention inelude high
musduley bitanunous mines {Barobdy bitunineny 3 Module Hlevé or EME French designation)),
high modehs bituminous conoretes (Bétons Bituminswr & Modale Blevé or BBME), thick solution
svstemns (Bétons Bihopineox Semi-Grepss or BRSGY, thin saphalt concretes (Bérons Bitwminenx
Minces or BBM) sad very thin asphalt concrctes {Bétons Bilumingex Trds Minces or BRTM).
Profembly, the mwixes obtained according to the invention somprise at beast 4%, praforably 4.5% by
weight of Tyydrocarhion binder (representing the specified smaount of hydrocarbon binder)

The EME, BBME, BBESG, BEM are defined in the stndard EN 131081 Mélangss
hitwatneuy - Spécification des vatdclauy Partic 1 Eivobs biumineux, of February 2007, The
BETM are defined In the standard EN 131882, Thesse docummnty sefer to the differsnt
performance classes which can be assigned to vach of the mix formulations during the formulation
teat that should be done for any mixture acsording &y the conditions described fn the standard EN
FITO8-2 of June 2006, A mintvnan characteristic lovel, which is only recomnsndatory in nabure,
ts thus defined in the natinnal forewond to the standards BN 131081 and BN 131082 for ssch type

of mivture.

The potential cholce for the study of wsphalt mix formmdation, of the fundernental
appraachy, wiped out the notion of nindimum binder content. Nevertheless, prior to this nomuative
evirlution, the oxperisncs rosully i the fact that the bitumen conient of the BBMBEx i
conventionzily highee than that of the BBSGs. Thus, the conventional order of nmgnitude of the
BRME U110 or (/14 bilumen roinivaun sdosage is gencrally 5.5% or 32 1%, respectively, by weight
relative to the total weight of the grundar nuixiure and hydrocarbon binder.

The nain differences between BRSG and BEME are wooduluy mechanical performanee

and fatiw . The table below roferred to the characteristivs recontuonded in the Breword
of the staundard EN 13108-1 in the case of the fundamental approach which requires modulus and
faligue resistance determination, defenoined soeording 0 the Amuex A 1o the standard EN 126897-

26 of Deceniber 2004 and Annex A to the standard EN 1269724 of September 2007, respectively,

_ : Stiffsess | Fatigue
Mk ypey PG voud) Rulting | modulus 15°C, attowable
60 gymatins {D =16 | %a 16 Hy deformation at
) 30000 m MPs t mittion
A6 gyvaticos (D =14 | sveles eveles
| mm) | - {10°, 25H)
BESG 5-10 o 250 TR TR
Class T | 49 |




RESG 310 <75 > 7000 > H0.10°
Clasg 2 4.4

BB 510 <5 =7 000 B R
Class 3 §o5 . ,

BBME | ERT e 2900 = 106167
Class 1 L

BEME 510 <73 > 11000 EETETS
Class? | 3-8 _

BRME 3-18 & > 1E OO0 B L R
Class 3 48 |

Table {2 Comparison of the charsctaristios recoanmended for the BBSG and BBME i the

national forewend of the standard NF EN 13108-1 Asphalt nuxes.

The higher the performance of the mixes, the greater the olass, The slass of the BBRSG wr

BEME results from the performunce level in rotting rexistance. i higher as the test measured rat

depth dinvnishes, By decreasing the binder contant, thy process of the fnvention helps to sohieve

beftor rufting resistapce performance. Indead, the rulting resisfance decrsasey when the
bydrocarbon binder content of the mixture increases. By contrast, #t s noteworthy that this

taprovement iy achisved without any loss of fatigus strength which iy Bself 8 characteristic also
related to the bioder content, but which vartes inversely, namely, #f grows with the bindsy sontent,

The EME formulation is based on the use of & hard binder, typioally o speoial binder or 2

binder class 10020, in large quaniities, rather conmmnsdy with 8 dosage of more than 3.66%, o

nsure high fatigue strength.

The following table refers to the EME mechamios! chavacteristics,

EME clang 1 ERE clasg 2

- Ratting

| 9% plate mean voids PRV Y W% A% LV 2 6%

- Rut depth as %6 | $75% S7.5%

at 30 600 cycles 66°C

Complex moduhe

«at %% vedds ranging botwess TSV > 1% BV eh
« Modubus at 153°C, 10 Hz > 14 460 MPa 2 400 MPa
Fatigoe strangth

- percentage of wods  ranging ; TSV 2 10% VA% SV 2B

betwesn L 13 pdets

Retative deformation at 10° eycles




Talle 2¢ Comparison of the characteristics recommmended for the EMEs in the nationad

foreword of the standard NI BN 13108-1 Asphall mixes.

The process of the lnvention can also be used for preparing thin ssphalt concretes (BBM)
and very thin ssphalt conorstes {BBTMY. The BEMs constitite a famdly of nuixes applied into
surfice course, without real structuring characteristics unlike BBMEs and EMEs. Thelr application
thickness ix from 3 to 4 om for the formalatons 8710 and 3.5 to § cux for the (FE4. 3 types zan be
distinpuished {A, B or € depending on whether the grading curve s discontinuons between 2 and

&3 mun {tvpe &) 4 and 6.3 mum {iype B) or vontinvous {ype O) The minimum binder content of

3
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thess mixturss v 5%, exoept for BBMuos for which i 4.8%. For each of the types {A, B, €}, 3
clessss can be distinguis{}ed depeading on the mitting resistance result,

The tnvention being spplicable to any type of mixture, the roanufacturing lempemiuee in
the case of & traditional hot mix s avcnnding fo the conditions 1ad down by the standard NF P 98-

O-1 of Fangary 2008, I the case of the yse of & medified hinder, the mapuluciuring temperature

will e the one defined by the hinder mamsfactarer

fry varioos embodimenty oof the nvention, the foliowing means can be used alone or in all
technically possible combinations
- the fret part of the hydrocsrbon blader amount incorporated by weight based on the total weight

af the specified amowt of ydrocarbon hinder ranges betwean M6 and T0%, preferably between

‘1)

40 aud $0%6 or is from 30 o 50% and move preferahly, 3%,

,.\

~ the incorporation of the frst sownt of hydrovarhn binder i performed at the leoperature
specified for the bitnmen class used,

~ the ingorporation of the romudning amount of hydrocarbon binder s performed al the lemparature
spectiied for the bitumen elass txed,

~the firat and the second times arecarried out in the sawe tuxer,

- the grasuder mixture i heated before the fncorporation of the first part of the binder spegifiad
anmonnt,

- the same temperaiire i waed during the e tines,

- the nx is selected from Mgh wedulus bituminous wdxes (EME), high modulus bituminous
concretes (BBME), thick solation systoms {BBBG}, thin seplall concretes {BBMY and very thin
sephalt coneretes (BRTM],

~ the specified anssunt of hydrocarhon binder is lese than from 3.5% to 10% by weight, preferably,
from 5 to 1%, compared 1o the specified aments of hydrocarbon hinder wsed in the koowan hot

X Proparstion processes,

~ fine clements conprise fines or fllers, Lo, slements baving a dimension of lese than SO microns,

&8 /

finey v fllers represent from 1t 109 by weight, preferably Sormo 1o 5% by weight based on the

totgl weight of the mix, Le. the hydrocarbon binder and stome skelston maixture,



- aggregates represent from B0 to 98% by weight, prafevably from 90t 85% by weight based on
the total weight of the mix, Lo the hydrocarbos binder and stonu skeleton mixture,
~ the gramdar ndxiure comprises asphalt aggregates,
- when mixes are selected frovn bigh models bitumdnowy mixes (EME) and high modudes
bituminous concratex {BBME), the hydrocarbon binders have prefembly a pencinability at 25°C,
measurad according 1o NF BN 1436 standard, of Gom  to 70 {110 mum), preforably from 0o 50
{110 nun), and more preferably fowm § to 35 (1410 mam), these hydooarbon binders are prefonably
selected fom the binders W20, 15725 or 20430, 1o binders Raving a penetrability at 38°%C i the
vangsof HS0 {1/10 m) and 3 ring and ball tomperature close to $3°C or higher to prepare EMEs,
BEMEs,
- when the mix is 3 high modulos bitunsinous mix, # may conprise by welght based on the total

wetght of the mix, Le. the hydrocarbon binder and stope skeleton mixtura:

- froen 1 io 3%, preforably from 15 to 3%, and wore preferably from 1.5 1o 2.5% fines,
preferably mestone fller,

~ rom 90 1w 85% sppresates, prafersbly ageregates W10, and
T 8% 1o 5.3%, preforably from 4.8% o $%, and more preforably from 4.8 1o 3.35%

hydrocarbon binder {representing the specified muount of hydrocwrbon binder sovording
1o the fnvention), prefecably @ pure bituse of class 20/,
~ when the mix iy a high modehs mix, # may comprise by weight based on the total wadght of the
nuix, Lo the hydrocsrbon hinder and stone shelotony wiktwes
< from 1 o SV, proderably from 1.5 to 3%, and wmore preferably from 2 to 3% flues,
preferably Hmestone filer,
- Sromy 50 fo 93% appvegstes, profecabdy cggrepates 6714, and
- froam 4.3% 1o 5.39%, proforably frova 3% to £.3% hydrocarbon binder, profanbly a pmae
bibarpen of olass 1628,
when the may & thin asphalt conorgte, 3 may comprize by weight based on the total wiight of the
mix, 1o the hyvdrocarbon binder and stone skedeton msturse
- from 1t 5%, preforably freen 1S to 3%, and more preferably fom LS to 2.8% fnss,
prefebly linesione filer,
~  from 80 10 93% sggrogates, proferally agpregstes (710, and
- from 4.5% to 5.395, preferably fuam 44650 o 4.9% hydrocarbon binder, peeferably 3
sobyrnevanodified bitemen,
~ the mixes of ihe previcus fhoulies (BBSG, BBME, EME, BBM) can be mude from modified
binders of the ranges colilex® {Coiflex N, I, 8 and HP), Bitolastic® (FA&, BB, EC, ECH, EI}, FBF,

&)

EH), and sacerBex® (1, 2, 3, 43, but also any kind of modified bindey,
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- the use of asphalt aguregates In the misture 3 also possibie. This fs 8 conmmen praciice o
preserve agavegais resources. In this case, the binder reduction conesrny exclusively the added
nder of the mixture,

The present fnvention will be now excmplificd by, bwt not limited to, the following
description of sn anbodiment and with refirenve to Hpure 1 owidch shows a schematic
representation of a plans for prodacing & mix seconding to the invention.

Basivally, the invention consists i incorporating the bituroinous binder in two susosssive
steps to produce a hitundoous binder-offivient hat wix.

The st step {or time) in which the gravudar mixture and only a part of the bitumdnous
binder are introduced in the mixer renults i an agglomeration of the fneet dloments and the
whisververd of & mastic, The sgerepates ave then only very partially coated and the mastic thay
formed iy ehriched in fine slements, The corichment of the binder in fSoes forming the mastic Bty
the posaibility of & suhseguent mixing of the fines with the remuining binder during the second
sten. The remainder of the binder introduced during the second step may then coat easily all of the

shelston coarse apyrosaies, As the free Hnes dissppeared {the fines wore moorporated mio the
BEIER +

3

mastic obtained bn the first step), thy viscosity of the renmining binder wi iy introshoced m th

seoonid step bas not significantly changed.
The fixation of the Snext cloments by the Hirst injection of binder {first step) gevevally
rasulte in a sy having o “grossies™ appearance at the end of the mixing. Thus higher gloss of the

-

hinder film can e ativibuwted to the absence of fines in the hituminous binder which coaty the

coamsest oloments of the done skelaton. & also shows the different disiribation of the bitminous
Hinder within the granular skeleton,

Thess two features make i possible to develop mix formulations optimized i termy of
performance and binonisous hinder consuwnption.
The mives can be produced in any mixing plant. & mixing plant is generatly constituted of
the following rosin elements:
~ storage means for coarse aggregste 3, fine clements 2 and bitumen 4 as well as dosage weans for
esich of these components §, Gand 7,
« @ gORrse gppregate deying unis,
« g Ry vt &,
- means for introducing the different conponents in the mixey,
- means for recovering the bot nixes.
In the context of the invention, the coating is performed finthe Rollowing seqnenes:

- ingorporating on the whole stone skelston {coarse aggregate and fne aloment mixture) & fraction
of the hydracarbon hinder (frst step),

s

- wit mixing { st step) to finm a “nastic”™,



- inonrperating the balance of hydrocarbon hinder 1o schieye the total binder amount of the fovmala
{swoond step),
- further mixing {second step).

The so~called “wat” mixing s 3 mixing of the hydroowrbon hinder with ageregates in
contrast to the so-called “dry” mixing which eorrgsponds o the mixing of the different aggregates
prior to the introdustion of the binder.

There are two main types of provesses for preparing ssphalt mixes, namely contingous and
Hatch processss. In ovder to soswe 2 good ooating and good final mechanical perfovmance,
ageregates sre conventionally dried and brought 0 2 temperatare close 1o that of the biumen,
Stmibarly, the hitamen i generally heat injected.

In practice, the introduction of the bituminous binder in two successive sequenses can be
made in industrial settings on & bach plant. In thiy case, the procsss of the invention sxtends

slightly the production fime of @ bateh, because this process requires two binder ntroduction

sequenees and two wet mixing periods. For exanple, a plant ay schamatioally represented on the
F gm\f: 1 s used. This plant includes @ mixer 1 which reay recaive batchwise in its tank the diffeven

2 fractions of the aggregaty incleding fines from # sterage means 2, coarse aggregates from &
storage means 3 and hydrocarbon binder from a stovage means 4 An output & with # valve for
revovering the produced mix is provided. Valves §, 6 md 7 wre respectively used to adjust the
dosage of these cloments with 2 coutrol means § comprising sequenced means for actuating valves,

mmixer motnr and other eloments {for example for heating tank amdlor storage means} of the plant

mot shown 6y simplify the Figare. The sequencing of controly allows mix o be produced in swa
stages with an intermediste prodaction of mastic by usng, v the first step, only & part of the
hwvdrocarbon binder.

o a ortinuous process, aggrogates cater continuously o a dium comprising a drying
sren including a means for heating and deying the aggregates. by another doum arves, the aggregates

cosning from the drying area are coated by the Houid bitumen before teaving and being conveyed to

# buffering storage bopper. The procsss of the nvention van also be tmplemented in 2 contipuous
olant by setting ap 3 second hnder supply circuit snd 3 second injection Tance offvet from the frst
wnjection lancy

The hedrocarhon hinder is preferably bitamen, sither 8 hydrocarbon material mixtare of
ratural orbgin derlved from the heavy fraction obtained during petroleuns distillation, or from
natwral deposits in solid or Hawld form, having a dersity of between 8.8 and 1.2, The bitumens of
the invention can be prepared hy sy conveptional t@cimiqu& Ao ehuded ax bitumens in the
seoxe of the invention are binders of vegetabls origin sueh as Vdpdool®, sold by the Colas
conpany and deseribed du the FR Patent 2 383 647, synthetic binders of petrolaum orlgin such as
the range of binders Bituclbr® sold by the Colas company, bitomens modified by tneorporaling

additives of &l kinds, such s additives for improving adhestveness characteristios, Hquid additives
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that eoable to produce mix at reduced ramperature, by ncorporating clastomers, as rubber crumb or
othar fortve, ov bitwmsns toproved by adding poalymers of variows types, steh as sthylens and viny!
suetate vopolyraers, or random ar conpugated diene and styrene block copolymers, for example
SBS hlock copolyimers, It is understood that this Hst 38 not exhaustive. It ¥ also possible 10 wse
bitumen wmixture of various fypex.

The terme “sgeregates” and “granuvler nixawre™ refor to the materials and aggregates
deseribed i the XP-P 18 545 and NF EN 138088 standarda.

The following 3 non-lintiting ovarnples illosteate the present invention, i the casg ol 3
sixnture with pure bitumery, s EME foroudation incorporating asphalf aggregates and a modified

binder-based fureulation.

EXAMPLES
{. High wodulus asphslt concrete 8710 (BBME 6/14)

This first exmople describes the performance measared in the countext of 3 laboratory
foroulation study in accordance with & fundamental approach withis the meandng of the standard
EN 1310820, te. fochding the modohny and fatigee chavacteristic detsemination, The three
comnprsiiionis are in Kilngranw, which muke 8 possible toe cheek that the total binder dosage of the

mixbure is the only varisble,
L1 Formulstion

3. Uonirel BBME compuosition

Grsntbar pririurey 618 Dhortte 368 kg
2/6 THorite 300 ke
/2 Thosk 320 kg
Limestons ﬁfii@r ke

Pure 200X ey 37 kg.

X.

Thiz composition correspondy fo a total binder dosage of $.38% by weight, based on the total

wight of the hydrocarhon binder and granudar mixtuee,

b, BBME composition of the invention with about 3.5 wit% reduction in bydrocarbon binder

content

Creanular mixtheer §/10 Divrite 380 kg
276 Diurite 300 kg
§/2 Diorits 320 kg
Limestone filler kg

Pure 207380 bitumen? 35 ke

Thiy sceomd composition cowesponds o a total binder dosage of 3.219 by welght, based on the

todal weight of the hydrocarbon binder and granular mixture.



ti

e BBME eompasition of the invention with about 8.5 wt. % reduction in hydvocarbon binder

contend

Cranalar mixture: &1 Dionite | Isdi ke
216 Digniie 300 ke
042 Diorite ¥ ke
Limestone Hller A ke

Pure 20030 Bitemen: 33k

This thied composition comresponds to 2 totul binder dosage of $.94%.

§.2. Preparation process

The trudisionsd process consists in constituting the pravular mixture and adiding in only one
step afl of the hydrovarbon binder. The gramulsr wmikture i heated to 180°C, Then, the whude
bitumen, which ix itself at 180°C, i included, The mixing is samied out during 126 sevonds at
180%C.

The provess of the nvention consists in crnstituling the granular wmixtury. This granelar
mintwe 1 heated to 180°SUL The bitumen is stored oy I80°C, 50% by weight of the bilumen
spectfied amoeunt s Incorporated tn the mixer followed by mixing for 68 seconds at 180 The
resnatning bitmen (3096} v then incorporated and mixed again during &F sevoudyat 180%C. In this
sxample, sach blnder ugection fnto the maneficturing provess earrssponds to the wirodustion of

the half of the wial Binder needed for the manulacturs of the siax,

1.3 Results
Mechanical performance comparative studies were performed betwesn the control fornmla
produced by the iraditional process and the two mixes nade according lo the fnvention

incorportting  smsller woounts of bituminous binder. The following wble summarizes this

conyprarismy

Mecbanical characteristies | Contrel formula | Double coating - Double conting |

| LomBMEGW | 35% 1 83%
reductiony | reduction}

Mixture binder content as % S2t% 4.5%

- POG test (BN 12697231

- January 2005}

%% voids at £0) gyrations 8.3 .6 9.9

Duriez Test waler resistance
{NF P98-251-1 Seprersber |
2002) 686 087 0.55
- Ratin v/R




- Rutiing tesd
(EN 12697-22 June 2004)

Rut as % at 30000 oye cles 60°C 45 | 44 .
Modubes in MPa (EN 12697 | | !
36, Dec. 2004)
Aowex B 1570 062 PR 14000 :
1o Astex &7 15%C 08z | 12306
| % specimen voids Loes L a9 69

{ Patigue strenpth {EN 126972
' March 2008

o {pdefs) ' 115 {14 i1
Y specimen voids & 74 74

L this examnply, it i nuded that the incorporativay of the binder in two successtve steps
reselts i o veinterance of the overall mechanteal pacfonnance despiie about 3.35%6 reduction tn the

w

total hinder smouad iy the mikture. B i even possible that the fatipns strongth ix improved oy thig
type of mixture obiained by douhle conting, beeause the measured value of 114 pdels is obtained
ot dess compact test spectmens, 1 the reduetion in binder content s souplified and brought to sboat
3.5% as tw the example shown, & moderate reduction in the handling theough the PCG test rosult,
bt maintenance of the water reststance measured o this mixiure is observed,

1 iy wnderstood that the lovention van be inplemsrted i socordance with provedures sthey
than that s exemplified withowt depasting from the goeral svope defined by the clatms. Fawr
sxamnples s posatble to use differsnt proportions, other than S0%-30%, for sach binder jestion,
while atming &t a reduction of the binder total amount compared to a simtlar formulation obtatned
by stply costing,

{1, High modulus sy #1314 «f2 (EME 0/14)

This second exanple shows the charscteristios measured on & control formulation of EMEB
O 14, incorporating 20% asphalt aggrogaios, and on the same mixture prepared by double coating
with an added binder content reduction, The two cmmpostiinns are in kilograms, which nwke it
possible to cheek that the total binder dosage of the mixture 15 the only vadiable, Quly the requdis of

water resistance, POG handling, modelus and fatigue strength are shown,
ILL Formulation

#. Control EME composition

Cranalar mixiure! (14 Linestong 35k
6/ 10 limestons 130 kg

276 Limesione 130 kg



i
RS

/2 Limeston 200 ky
Asphalt aperegutes 200 kg

Limsstone Giller

£

15

o
ki1

Added pure 10720 bitwmen S kg
Total bituonen (Agpregates + Added) 60 kg

Thix composition covresponds 0 a2 todal binder dosage of 5.71% by weight, bassd on the tal

weight of the hydrocarhon binder and granslar mivture.

I EME composition of the invention with 8Vereduction in tots! Hinder content

+

o

Ciranulay nuxturs 114 Limestone 3iS kg
&/10 Bwmestone 30 ke
36 Limestong kg

&2 Lhmestong

P
o]
pod
ol
,
3
i

b
o]
]
e
%

Asphalt aggrogates
L

. 3

3 A %

oA
7 2243

Aslded pure 120 hitumen:

Total bituren { Agprepstes + Added)

LA

3%

=5
7

This composition corresponds © a otal Woder dossge of 3.27% by weight, hased on the totad

wright of the hydrocarborchinder and granoler mintare.

.2, Preparation process

The prepavation process {8 the same as in the previows example,

.3 Resulls
Mechanical performance compsrative studies were performed botween the contro! foronda
produced by taditional process and the formulation made according to the invention incorporating

ssmalier amounts of bitenminous binder, The following table summarizes this comparison

- Mechanical characteristios ' 1 Conteol Double
frmunla coating

BME /14 | (4% reduction) |

- Mixture binder corderd as %6 7% 8.3

- POG teat (EN 1208731 January 2008}

- volds st 100 «;r,ym*‘.iam : 8.8 ‘ X4

- Duries Test water rvbiamm
(NF PEE-251-1 Sepseraber 2002} ! |
Ratio iR L0 095




e

£

Modalus in MPa (EN 1260726, Dec.
2004 L1880 16220
Annex A ¢ 15°C, 10Hz : 25 - 33

- Oh apscimien vistds

Fatigue strength (EN 12697-24 March ,
2005) 136 130
: £ (adetsd |

N
oo
gisec)

$ e
L3
Lok
W

T spectmen voids

fn this example, it iy noted that the incorporation of the inder i two secoessive steps rosulis g

¥

maintenance of the overall mecharseal performance of modulus and fatigue strength despite abowt

* 2eid

& s .

8% reduction intots! binder amowd in the mixhwe,
11 Thin ssphalt conerete based an tondificd Muoder bitulastic EB 0/ 18 (BBEMa 818 «13)

This third example describes the performarce measored in the context of @ loboratory formulation
atudy comprising PCG handling, water resistance with the Dhartez test and rutiing resistance
determination, e incliding the penerst characteristio determination reguived i the forewsord of the
standard EN 131081 for this kind of formulation. The three compositions wre in Miograms, which

st 8 possiblado cheok that the rotad binderdosage of the mikture 4 the only varable.
HLL Formulation

& Contrel BBMa composition
Granglar mixtere: S Diorite 680 kg

216 Diorite I kg

Linestone filler 2 ke
Modified bnden S5 kg
This composition covresponds 10 a total binder dosage of 5.21% by weight, hased on the sutal

weight of the bydrocarbon hinder and graosiat misture.

f. BEMa conposition of the {nvention with about 34 wi. ¥ reduction in kydrocarbon binder

content

Cramshar idxiuee: &/ 1 Diorite ERE kg
2 Diorite 34 kg
Limestone filler Hikg

Modified binder: SZkg

This second composition correspords fo a tolal blader dosage of 4.94% by weight, based o the

total weight of the hydrearbon binder and granular mixnwe,



¥

¢. BBMa compasition of the juvention with about ¥ wt, %% reduction in hiydrocarbon bMuder

content

Granualar mintars &0 Dhosite 880 kg
92 Dt 300 kg
Eirvestons filler 20 ke

Modified binder: S0 ke

This last composition corresponds 1o ¢ total binder dosage of 4.76%.

L2, Preparation process

x

The laboratory nunofachuring provess s the same ay in the previous example, the only variation is

of the temperatore, adapted to the nature of the moedified binder used here, and agtat 170°C,

H13. Resuits

Mechanival performance covaparative stadies were performed bevween the control formala
produced by the traditional process and the two mives made In accordance with the nvension
meorporating smaller amounts of biuminous binder. The following tahle summarizes this

cranparison

Mechanical charactenistios i Contred fornmla | Double coating | Double cnating |
BRMa 00 {3% reduction} (9% reduction) |

| Mixture binder vontent ax %% 3.31% 4.84% ‘ 4.76%
1 POG et (BN 12697-
| 31/61/2005) 8.6 | 10.4 i

% verids at 40 gymations
i Duriez Test water resistance

{NF FRE-251-1 Septombe
; 3&{3{}2} {95 0.4 .92
| Ratio /R

“Rutting test

{EN 12097-2206/20043

S plate roran void 8.3 B3 75

Rut as % at H000 eycles 6050 6.5 5.5 48

In this example, 8 38 noted that the ncorporation of the binder In w0 successive steps

resulls in & maintenanes of the overall mochanical performance despite abowt 3.5% redustivn in

total binder amonnt i the mivtare,



Szabadalmi igénypontok

. Elpirds csdkkentett sedobilrogén kotdanyag-tartabmd foerd keverdk elddilitdsiva, amely keverdk
meghatdrozotl mennyistgl szénhidrogdn kétdanyapot ds egy seemeads heverdket tartaloaz, anmly
keversk finom alkotdslemeket tartalmaz, min amilyenek példdnl finom de durva segrepitumol, auint
pudddul 20xeldk, szemosés bomok ésivagy homok, €e az eljfrdy Jogaldbb sz aldbbi, egymas utdn
kovethezd Wpésehet tavtalmaea

N

~ eideelly a meghatirozolt mennyiséglt szénhidrogdn kitdumyvag elod réardl belekeveriik 2 szemends
keverdkbe epy keverdgdpben {1}y
- pedvasen slbeveriik, igy masatixot kapunk;
- majd bolekevenjik a mavadék seénbidrogén kitbanyagny;
- Seszekeveniuk;
azzed jellemezve, hogy @ sednhidrogén kdtdanysg elsd résee 30-70 tdmegds & sednhidrogén kitbanyag
tedies WOnwedre szdmitva,
S A L ipénypont sperintl eljdeds, aszad Jelfemerve, hogy 3 seénbidrogén kitdanvag olsd résme

clénydisen 40-60 1meghs, olényfiscbben 3¢ wmegh o swdnhidrogdn kétdanvag telies tomepdre

sRaniva.

30 Az Lovagy 20 igesypont seerintl olidvds, szzal fellemerve, hogy a két lépds sordn wgyamazt a
hmdrsékletet atkabmarenk,

3

4. Az el igénypontok barmelyike sexcinti eljdrds, azzal fellemerye, hogy & keverdk magas modulust
aszfaltkeverikek {(Enrobes a Module Blevé vagy EME), magas modubust aszfalibstonok {Bétoss
Ritwmineux 2 Module Blevd vagy BBEME), vastay rStegh sscfaltbotonak {Bétons Bitoniineuy Semb
Grenus vagy BBRG), véhony rétegd aszfalibetonok (Bétons Biturminenx Minces vagy BBM) és

z

nagvon vékony witepl aszinitbetonok (Betons Buuminenx Trés Minses vagy BBTM: koréhdl

z

ilasaton.
3. Azelbad ipdnvpontok bammelyike swerinti oljdras, azead fellemezve, Bogy @ szemesés koverdk vegyes

aggregdtumokat lartalmaz.

8. Az elbed igénypontok birmelyike saerint cljdrds, azeal fellemerve, hogy a szénhidrogén kétbanyag
penetracidia 28°C hdmdrsekieten MEZ EN 1426 szabvdny seering mdrve 270 (110 mon), eldnvisen
&35 1710 wm ¢ PBME &sax EME csptén,

7. A & igénypont szevintl eljdrds, arxd jellemernve, hogy 8 keverdk egy magas modulist aszfaltbeton,

amely tartalmaz 8 Keverdk teljos Wmegdre vonatkotaten:
- 1.5 thmege finomanyagot, olonydsen mésekd ltlanyagnt;

- S0-95 e aggregatomot, eldoydsen W0 agyrepdtumat, &s

171057664 MOESAZ EP 2246473 B



= § 835 25 thmepde sinbidrogén kdthanyagot, eldnydsen tszta 2030 hitomest.

8 A 4 jpdnypout seerintl elfdnds, azzal jellemerve, hogy 8 keverdk ey magas modulusi

W

aszfaltheverdk, amely tartalmar a keverdk telies tomegdre vonatkoziatva:
- 15 t8meg®s finomanyagoet, elfnydsen mdekd tlianyagon

- 997 10megs aggregdtamot, ellnyiisen (V14 aggregdhamot, s

beg

- 5-3,3 tmep¥ xednhidrogdn kitbanvagot, elbnyBsen tazts 28/30 bitument,

oo

24

8, A 4, igéaypont saerintt eljards, azaad jellemarve, hogy & keversk egy vékony rétegl aszfaltbeton,
amely tartalmaz a keverdh telies tOmegére vonatkastatva:

~ 1~5 Wimegte fnomanyagd, cldnydsen mésakd thitSanyagot;

- 83-95 shvep¥ aggregdtumot, elinyisen 71 4 aggregdtumot, s

bed

- 4,648 thmegh sedniudrogén kdthanyagot, eldnytsen Hsata 2390 bitument.
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