WO 2012/108755Pa/MX2012/000014 1 INDUSTRIAL EQUIPMENT FOR THE HOT RECYCLING OF
ASPHALT MIXES FIELD OF INVENTION 5The present invention relates to the industry of processing
and transMyM3BLRIR08T550lid asphalt residues, and more particularly it referP€d/B¥aerdieasridequipment
for the hot recycling of asphalt mixes. BACKGROUND OF INVENTION 10 All over the world there are
asphalt-paved highways, driveways, avenues, and Ltreets. Asphalts in pavement are 100% recyclable;
they can be recycled many t'ﬂ@ﬁuéﬁ?&%ﬁlﬂ ryé;é:?mqé)&e&%@%ﬁ%altenes and maltenes.
Asphalts are exposed to weathering, whic &_r%? (Rfﬂgmg ue 10 a decrease in the 15maltenes
phase, produced by oxidation. Asphalt pavements are IeX|BIe, but aging and lack of maltenes cause
them to be rigid, which causes cracking (alligator skin) and a subsequent detachment of blocks. 20 In
the market, there are plants manufactured ggrgas Wikidtiaghments to process asphalt mixes, in lower
percentages. These are large plants, highly expensive and not easily transportable. Moreover, the
process usedddifferstifem glhésdaventios wenexplaited helowne25 ihbeseyplasits pae aidgvieadetween
the first and the secaonghibdrchatitheabtand dryeralintesiduiesd) adesserppiceniags of RARs(Regtaimed
Asphalt Pavement oimRexyicledobgphealit Paveraeint) enters pyinephdoha&opper, with the purpose of
mixing it with a high content of hot unadultered stone
BACKGROUND OF INVENTION
10

All over the world there are asphalt-paved highways, driveways, avenues, and

streets. Asphalts in pavement are 100% recyclable; they can be recycled many

times. Asphalts are mainly composed of asphaltenes and maltenes. Asphalts

are exposed to weathering, which provokes aging due to a decrease in the

15 maltenes phase, produced by oxidation.

Asphalt pavements are flexible, but aging and lack of maltenes cause them to
be rigid, which causes cracking (alligator skin) and a subsequent detachment
of blocks.

20
In the market, there are plants manufactured abroad with attachments to
process asphalt mixes, in lower percentages. These are large plants, highly
expensive and not easily transportable. Moreover, the process used differs
from this invention, as explained below.

25
These plants have a device between the first and the second third of the
rotary dryer, into which a lesser percentage of RAP (Reclaimed Asphalt
Pavement or Recycled Asphalt Pavement) enters by means of a hopper, with
the purpose of mixing it with a high content of hot unadultered stone

30 materials, which will heat it toward recycling.



30materials, which will heat it toward recycling. 2 These industrial equipments present the following
disadvantages: a) Recycled RAP percentage is very low. 5 b) Supplying of rejuvenating agent cannot
be made in the manner conducted in this equipment c) Lower quality of resulting material. 10 d)
Large equipment not easily transportable. e) Highly expensive. 15There are other equipments for
productioNVef28spI887 Phixes called double barrel, such as the one discloselFTANKESAZAMIAH request
WO 2007/103345. These industrial equipments present the following disadvantages: 20a) RAP is
not 100% recycled. b) Large size, not easily transp2ortable because these equipments are provided
with: the first dryer adapted to receive and mix unadulterated aggregates and fine RAP; a primary

burner adapted to pipduge. & NIPL MR JarS2tAA and 2RAIMos g, agaegates in the first dryer; a

second dryer adapted to receive ordinary RAP; the second burner adapted to produce a burner flame

and to dry the ordinadr)legé,la dn mgp%%qggq%g%r;,gr ixgr adapted to receive unadulterated aggregates
and fine RAPfrom the first dryer and the ordinary RAP from the second dryer and mix the

unadulterated aggregpigs, g diper RO 3RaNsie cedinaRBAR de Rraucs Mbet asaialiaix. c)

Highly expensive. ip this equipment

c) Lower quality of resulting material.

10
d) Large equipment not easily transportable.
e) Highly expensive.
15 There are other equipments for production of asphalt mixes called double

barrel, such as the one disclosed in international request WO 2007/103345.
These industrial equipments present the following disadvantages:
20 a) RAP is not 100% recycled.

b) Large size, not easily transportable because these equipments are provided
with: the first dryer adapted to receive and mix unadulterated aggregates and
fine RAP; a primary burner adapted to produce a burner flame for heating and
25 drying fine aggregates in the first dryer; a second dryer adapted to receive
ordinary RAP; the second burner adapted to produce a burner flame and to dry
the ordinary RAP in the second dryer; a mixer adapted to receive
unadulterated aggregates and fine RAP from the first dryer and the ordinary
RAP from the second dryer and mix the unadulterated aggregates, the fine RAP
30 and the ordinary RAP to produce a hot asphalt mix.

c) Highly expensive.



3 In the state of the art, it was found patent MX 183720 of Robert H. Nath, et al., filed on August 08,
1992 and granted on January 9, 1997, which holder is Cyclean, Inc. claiming US priorities US754264
and US803642. Said patent protects an apparatus to control the production speed at a drum plantto 5
produce asphalt from pavement, recycled asphalt; characterized in that it comprises a combination:
assembly to detect tons per hour (TPHa) produced at the plant; assembly to compare tons per hour

(TPHa) w%,tbt%ﬁ (19&5 ur desired (TPHd); assembly to detect the drum inL%Ir %&6?5?&%%”6’ when

(TPHd) is lower than (TPHa); assembly to compare the drum inlet gas 10 temperature ) at a
maximum drum inlet gas temperature (TDImax); asgembly to increase the drum inlet gas temperature
(TDI), when the drum inlet gas temperature (TDI) is lower than the maximum drum inlet gas
temperature (TDI) and thgseatalytaiaciaasevhe fuaudypaidng mikers ire @uafrriblet gasveimperature
(TDI) is increased. 14 .Jtfilas atsougund 8)aaean phigat MX 9262007 Rpbest Hwy Nathhetddr, kled on
November 27, 1992 Gntkgnanted oliduihgl3S 1999 udsiahshoideErdis Gy cleagg3ing2 . asuldlpintng US
priorities U5803642 mrnddd6954 Gp.aGaia patannprotebes prodpparatusdedcantrod prodpletiontspeed at a
drum plant to produceaBpieats20 o mopavement mecreded abphatta ithahactetée forreahyriging
combination: assembdynter detect con pdidnoas (@b a) torddtesedansther hlawt; (ABHeimisiydecedmpare
tons per hour (TPHatvilth astpes e ddsieadn([TPE dynassenhiolyr toT dB e ov tte tanspémléogas
temperature, when (@9Hey iETRIVR #saA(PIYHA) deseenibly &5 wonipatesttetdrupeipieiyawhemperature
(TDI) at a maximum (ZBrtLrtt infYJashemdEPHRIie TTBMRAK) tassenitsitetd gcriéase thdelram inlet gas
temperature (YDI), iR@wR R ditiniTiAlbtajasd teygeraturderpingtodrs: tearraiat riaxiiRim aim inlet
gas temperature (TOIPSAAYAsKeBIgaerinBredsetHARbEAY FARRGRHER (R drirRanIcegasum
temperature (TDI) is Meredtede BORRANE e Tl prolvssediashiidg iﬁ“ﬂﬁ?}{ﬁe%ﬂ@hdfﬂﬁﬁeﬁ?ﬂiﬁer from
those in the present iRVESHRT 4 BYLiaRe 3t BehniP &9 2F84 B APMIGTE® I RIMIER 4 Bss,
discloses a drum mi%ﬁ@?%ﬁrﬁﬁﬁr@%r@ré@Br’éd’ﬂﬁfﬁ&ﬁe@omprising a drum rotating about one axis; the

drum has an i}ﬁet in the firsﬁ end of the drum to receive _
It was also found Mexican patent MX192620 of Robert H. Nath et al., filed on

November 27, 1992 and granted on July 13, 1999, which holder is Cyclean,
Inc., and claiming US priorities US803642 and US951084. Said patent protects
an apparatus to control production speed at a drum plant to produce asphalt

20 from pavement, recycled asphalt; characterized for comprising combination:
assembly to detect tons per hour (TPHa) produced at the plant; assembly to
compare tons per hour (TPHa) with tons per hour desired (TPHd); assembly to
detect the drum inlet gas temperature, when (TPHd) is lower than (TPHa);
assembly to compare the drum inlet gas temperature (TDI) at a maximum

25 drum inlet gas temperature (TDImax); assembly to increase the drum inlet gas
temperature (TDI), when the drum inlet gas temperature (TDI) is lower than
the maximum drum inlet gas temperature (TDI) and assembly to increase the
hourly rating when the drum inlet gas temperature (TDI) is increased.

30 However, the processes applied in this type of equipment differ from those in
the present invention.



5 gravel flowing downstream along the drum toward a second end of the drum opposite to the first
end, and an outlet next to the second end to discharge asphalt concrete. The drum is provided with a
burner with a burner head to generate a flame delimiting a combustion volume, located in the middle of
the first and second ends of the drum; the burner head divides the drum in a 10 drying zone located
between the burner head and the first end of the drum, and a mixing zone located between the burner
head and (he d of the drum. The head generates hot combustrop gmﬂ?ﬁ&q Jpstream
along the rum t roug the drying zone toward the first end of the drum in a countertlow relation with
respect to the gravel flow from the first end, 15 throgygh the drying zone, toward the second end of the
drum to dry the gravel. Drum has a plurality of radiant heat shielded paddles separated inward a
portion of inner wall of the drum extending circumferencially; the paddles extend from a portion within
the drum next to theRayraes, headbitu generap axdallydovsatditheditst enskci the 1R8N dincoses a
circumferencially to ther20ndisemn Surreswidiitg dbieccots busidor tiedu rreralr thieg nmed rsicle it thimgaddles
and delimiting a chaabloet sulestaistialy drimaladebetwiedst ihe padidie s snd thbepdriontofridreiver wall of
the drum. Net to argupstréamwiend of the gluraipneftpadiles thers dsaasdeand infet &brtptadivgna
recycling asphalt materiediire theetanrfinstr @rhrabéra beividethegqyadditecirsgmderedtiallyi 2% smsarated
from each other wittppespctanctesedrlim i ordér pooyadest Whthredvivest griabel Bowiay esidiécthe
combustion volume &enReEth@ damme slatavtis gaalictip nsdipal el wnkofacie dipsttbarmfishe gravel, in
general radially outwArdbreediesaaprdRititied Hirddmto tHecharpened heivesd Wit wie ireycling
asphalt materdl in th*évwem@r'%ht@thétw&méeesb%ueemﬁrﬂaﬁy%\txtbrdfusr)zfa@ﬂﬁwf@f Yremel from
the chamber to the iABfH@ BTHREANBULERE VABWETHISIP RGP thPrb di & HMaft Cohtrete with
higher returns and réhlﬁéé%aﬂ‘@s%eéﬁogeﬁ‘&rrﬁéﬁ?a?&t fO RIS §ﬁ5§§5|‘|’éﬂﬂ%Heﬁé’téaﬁrc?d%ﬁfrom the
recycling gravel andtf]ﬁa?j'u‘l?érmé%”ér‘a\/'é? e éor‘eecggﬂﬁﬂ%\%ﬁaﬂrﬁﬁa?@ﬂaﬂ/vmfeh?@& Humidity
content can be comSHEHSERth rﬂ@tm{hdﬂfﬂeré‘féﬁe FabRl WRhERR ik 8 ﬁ Eﬁbr?ﬂg'pacny or
increase of the re3|dteﬁ8egﬂnte‘e 5 H&ﬁf’é}ﬁ Y3 EBHSF\ ' 1978 4iloses a

slanting rotary mrxrnﬁ\ﬁYﬁ grse%o%fea &chﬁ’uﬁ% FBduRie ?Jdrefis Bncer éaé ot or
cold asphalt products/ tur@ 8 gre%’f%}wﬁ ﬁﬁ rﬁjn%egex T n%lr%nkg ‘ér extendrng

nside that frontal el erar’ae. TP S e SOUIPGRlE s rfarﬁxaﬁncs I eergn%.afumovr

adjustable Ie%th th% Irst zone wdeh Iese n sr et um n xt dlng in
n e com tlon nner sr
"spiral” in the Inner sur a 81 %f ci ere ll"l A&/thlck for

spiral’ is 6 u f|
the material to be raf 5 Y. 'Ht%rduégqrrﬂér e,gnséu&e%%gﬁ%rgb gir%ftnvg%g ﬁ'% a%eaéq te 0 only to
guide and transport [he agqreqates rom e disst 200G 4p mr%tS?SP'bﬁja%‘?r%e :?ar' EGND 200 1S an
pre-heating zone, U%ﬁQtEQ.QFG Nt oaL R eepad ranedba grim B§d@@£€r@4 lfHﬂQr%'r?t'Eﬁ{?tS that ift
the material upsto a %%%Pa@@&gﬂfoﬁﬁrJQ&”HH%VH%F&S#&E@GH?@W@&QW ingdheArym zgtatign. a third
zone to dry, mix and.b&eat, dhe HeRAduch RMING ftaip the1es3e6easkh20ne I AhdhiseoneAR aggiegate is
discharged through g pipes saPaaniindustseraen isprovidechat ihernthofithe hirderone deduigyent the
dust escaping from theegkary diHrad b HhigavaY:H dRieR iSHroVidedti aiamerated alrEals
through pre-heatingwitg-dRdngeaindiREixingnand thaseating is pedarmes underesatisfasiarysgonditions
and the residgal hungighty-¢entient 26af the agonegats coaldesdits thadmwndustienissiarndl isfclear that
none of the above deagamants sirelosaisdcortisuoustbalisdas produce asphalt concrete with

higher returns and reduce heat loss and, particularly, to produce an asphalt

concrete product from the recycling gravel and unadulterated gravel, where

a recycling asphalt material with higher humidity content can be combined

35 with the unadulterated gravel without reducing the production capacity or
increase of the residence time.



shown in figure 2 of this application), and said helix takes 30-80%, preferably a 60%, of the total length
of the rotary cylinder, which allows recycling 100% 25o0f RAP. 6 OBJECTIVE OF THE INVENTION
The main objective of the present invention is to make available an industrial 5equipment for the hot
recycling of asphalt mixes to recycle aged asphalt pavements.  Another objective of this invention is
to provide this industrial equipment for the hot recycling of asphalt mixes to obtain a hot recycled
asphalt mwooioligﬁ%g%@nt quality and higher durability. Another objective 91:1%/3( ﬁ/&gﬁ’d} JS to provide
this industrial equipment for the hot recycling of asphalt mixes, being also sustainable and ecological.
15Another objective of this invention is to provide tijs industrial equipment for the hot recycling of
asphalt mixes also reducing the use of unadulterated stone materials and avoiding depredation of
woods, hills and riveps.cAm@titeusbjeotivse2gbthsbinviesdiam isuaepuayide 1Bjsdrdustiabequipmgnt for 20
the hot recycling of aspihrgltrmikes,dmmch adsprapes:theasphald docdaieg iprdv RAR tharetayt
decreasing the excessinveetisecof fassibhydidcasbbals, proidictehdhitxbheanare egpepsie¢ avtdcscarce.
A further objective ofdmgiiveentiontis foquravidedhisbhimchestieat eglinzgmiesit 2 Sfort tie et recychng of
asphalt mixessto sequire ststaipralbyilith of ggeregatatstinsheilengeteemds inside the drum with
adjustable length; the first zone provided with paddles extending inside the
drum and extending in “spiral” in the inner surface of the drum, where the
pitch of the “spiral” is set to be sufficiently thick for the material to be
rapidly introduced inside the next zone of the drum; paddles are intended
10 only to guide and transport the aggregates from the first zone to the second
zone, said second zone is an pre-heating zone, used to pre-dry, from this
second zone the drum has material lifting elements that lift the material up
to a given height for the material to subsequently fall during the drum
rotation; a third zone to dry, mix and heat the product coming from the
15 second zone, at this zone an aggregate is discharged through a pipe; an anti-
dust screen is provided at the end of the third zone to prevent the dust
escaping from the rotary drum. In this way, a device is provided to obtain
coated materials through pre-heating, pre-drying and mixing, and the coating
is performed under satisfactory conditions and the residual humidity content
20 of the aggregate coat results in a low dust emission.

It is clear that none of the above documents discloses a continuous helix (as

shown in figure 2 of this application), and said helix takes 30-80%, preferably

a 60%, of the total length of the rotary cylinder, which allows recycling 100%
25 of RAP.



Another objective of this invention is to make available this industrial equipment for the hot recycling of
asphalt mixes permitting to recycle 100% 30RAP and avoiding clandestine disposition of RAP. Another
objective of this invention is to make available this industrial equipment for the hot recycling of asphalt
mixes also avoiding the use of confined areas which may be occupied by organic materials producing
35methan‘(¥%ﬁq§?6]rgéféétric power generation. 7 Another objective of this iPVENPBAL LY Make
available this industrial equipment for the hot recycung of asphalt mixes to further reduce cost of road
rebuilding. 5 And all other attributes and objectives which will be clearly evident upon making a general
and detailed description of this invention supported by the illustrated modalities. 10BRIEF
DESCRIPTION OF THE INVENTION For the development of the equipment and process for the hot
recycling of asphalt mixes, different tests were conducted with the following objectives: an indirectly
heating equipment allowing to recycle 100@BR&PIvEIbDFSIHEdRWE S production capacity; of low cost;
portable, easy to install and uninstall; that the material to be recycled not be subject to combustion
because asphalt los&heropentigsevtite gdateeprergpy transfeidordawerikg eosispbleitmopdiosttialsupply
unadulteratedstone anaitemahtofivn pito én ther eggyithed cspaie hirtives, dlownvgla egedraitetiatietering of
RAP and unadulterapedestengsmaterial prior 20 to the Industrial Hot Recycling Asphalt Mixes for a
good quality of recycled asphalt mixture and also to have a built-in zone for mixing RAP materials,
stone materials, asphatithejuokiesting abtris éneaicad wiehrpewesdiys i dusbineaH neeringto obtain
an asphalt mixture offéxbefiaigcytlagyo28rehalisrRirew ko sapRiltS dretmesiijecompbatdndkaphaltenes
and malteneslAsphaieetra eqpvIsyce is WisktTeding heHding to aging; such aging is due to the decrease
in the maltenes phase, produced by oxidation. Asphalt pavements are flexible, but aging and lack of
maltenes cause therf\OtB g I EAiIdBYTHERiFG PaRiguide SRihjnaatidpidRtent defachment

of blocks. If the the hot recycling of asphalt mixes, being also sustainable and ecological.

15 Another objective of this invention is to provide this industrial equipment for
the hot recycling of asphalt mixes also reducing the use of unadulterated
stone materials and avoiding depredation of woods, hills and rivers.

Another objective of this invention is to provide this industrial equipment for

20 the hot recycling of asphalt mixes, which also uses the asphalt contained in
the RAP thereby decreasing the excessive use of fossil hydrocarbons, which
tend to be more expensive and scarce.

A further objective of this invention is to provide this industrial equipment
25 for the hot recycling of asphalt mixes to secure sustainability of pavements in
the long term.

Another objective of this invention is to make available this industrial
equipment for the hot recycling of asphalt mixes permitting to recycle 100%
30 RAP and avoiding clandestine disposition of RAP.

Another objective of this invention is to make available this industrial

equipment for the hot recycling of asphalt mixes also avoiding the use of

confined areas which may be occupied by organic materials producing
35 methane gas for electric power generation.



30same portion of lost maltenes are added to those asphalts they regained their original physical and
chemical characteristics. Better yet when those added maltenes are enhanced with polymers, the
asphalts exceed their original physical and chemical characteristics. WO
2012/108755PcT/mx2012/000014 8 It is internationally known in the field of roadways construction the
term of RAP (Reclaimed Asphalt Pavement or Recycled Asphalt Pavement). RAP is obtained through:
1. Milling surface, which may be in cold or previously preheati surface 2.
Milling of t é%grle@aggé asphalt surface. 3. Blocks of Asphalt Mixture obta?rgg&%g?é%%%%%ctions. The
size of these materials are reduced through grinding systems. In general terms, the industrial
equipment for the hot recycling of asphalt mixes 15 according to the present invention comprises a
portable bank of hoppers of continuous metering of RAP and unadulterated stone materials; this
metering system is necassary peatjustdhet igsamiemeiricicutve ob ke ResaltiagtRecyalast Asphalt
Mixture. The bank othoippesrstafer o hiedrenyal sigppdring Struciure that motude dear tostoss with
frequency converterr@siabbeitddakin figure 1), in 20 order to control the metering amount of RAP and
unadulteratedbstone material; such gear motors send a signal to a RAP flow indicator. Also an input
flow indicator of unadottertethstont nivatesad e radseahatitewbighavtd acohteolypardewherit is
recorded and controftedirdielgenenabbpdristaitegd Iske wdijpientdrtivsaned reamote e Btddw tHé portable
bank of hoppers usetyer atederingaMehere is a conveyor belt that receives RAP and unadulterated

stone material and transport them to the steel plate rotary cylinder supported on 4 load rollers also
used as a poWer system to rotate the cyBR§EPESCRIPTION OF THE INVENTION

For the development of the equipment and process for the hot recycling of
asphalt mixes, different tests were conducted with the following objectives:
an indirectly heating equipment allowing to recycle 100% RAP; with sufficient

15 production capacity; of low cost; portable, easy to install and uninstall; that
the material to be recycled not be subject to combustion because asphalt
lose properties; with good energy transfer for lowering costs; with option to
supply unadulterated stone material to improve the recycled asphalt mixture;
allowing a controlled metering of RAP and unadulterated stone material prior

20 to the Industrial Hot Recycling Asphalt Mixes for a good quality of recycled
asphalt mixture and also to have a built-in zone for mixing RAP materials,
stone materials, asphalt-rejuvenating agent enhanced with polymers, in an
optimal metering to obtain an asphalt mixture of excellent quality.

25 As it is known, asphalts are mainly composed of asphaltenes and maltenes.
Asphalts are exposed to weathering leading to aging; such aging is due to the
decrease in the maltenes phase, produced by oxidation. Asphalt pavements
are flexible, but aging and lack of maltenes cause them to be rigid, which
causes cracking (alligator skin) and a subsequent detachment of blocks. If the

30 same portion of lost maltenes are added to those asphalts they regained their
original physical and chemical characteristics.

Better yet when those added maltenes are enhanced with polymers, the
asphalts exceed their original physical and chemical characteristics.



The diameter and length of the rotary cylinder depend on the production 30 capacity required. The
inner part of the cylinder is provided with an internal metal helix forming a circular space in the middle
forming a flame conduction zone through its internal portion thus generating the indirect heating zone.
The helix takes 30-80%, preferably a 60%, of the total length of the rotary cylinder. The remaining
percentag¥ 32eh2despspstraight paddles located in the internal 35perimete PE/ W2e4AIARY Hefining the
mixing zone. 9 At the point in which the helix ends and the mixing paddles begin, there is the injection
of asphalt - rejuvenating agent enhanced with polyr%ers (injected mixture); this injection is made
through a volumetrie geay.pumB ihiough AR injectio RIS samIna fiom, the; sioraoe.tants, R rotary
cylinder is provide ﬁ/%'éh‘?ﬁ‘eﬁ'dgéﬁré%l PR%rr]ﬁﬂﬁEnoer Qlé@lcqusX%Sg 3¢ gsr;]%ﬁr nsmit heat energy to the
RAP and to the supply of stone material. The heat capacity or the industrial burner depends on the
recycling productioQAmEegwgggggqpﬁ.oﬂgﬁ: fire of the industrial burner makes no contact with the RAP
or stone mateyials since they are protected by the metal walls of the helix, thus forming the zone for

indirect heating of tﬂ%ﬂﬁ‘ﬁ%r@fl%h@ Q%IPJQ%%$§.Q@; Wﬂ‘#‘cﬁiﬁ%}i% ﬂfcold or previously preheating

the asphalt surface

2. Milling of the preheated asphalt surface.

10
3. Blocks of Asphalt Mixture obtained in reconstructions. The size of these
materials are reduced through grinding systems.

In general terms, the industrial equipment for the hot recycling of asphalt mixes

15 according to the present invention comprises a portable bank of hoppers of
continuous metering of RAP and unadulterated stone materials; this metering
system is necessary to adjust the granulometric curve of the Resulting Recycled
Asphalt Mixture. The bank of hoppers are mounted on a supporting structure
that include gear motors with frequency converter (as observed in figure 1), in

20 order to control the metering amount of RAP and unadulterated stone material;
such gear motors send a signal to a RAP flow indicator. Also an input flow
indicator of unadulterated stone material sends another signal to a control
panel where it is recorded and controlled; such control panel may be adjacent
or located remotely. Below the portable bank of hoppers used for metering,

25 there is a conveyor belt that receives RAP and unadulterated stone material
and transport them to the steel plate rotary cylinder supported on 4 load rollers
also used as a power system to rotate the cylinder.

The diameter and length of the rotary cylinder depend on the production
30 capacity required. The inner part of the cylinder is provided with an internal

metal helix forming a circular space in the middle forming a flame conduction

zone through its internal portion thus generating the indirect heating zone. The

helix takes 30-80%, preferably a 60%, of the total length of the rotary cylinder.

The remaining percentage is made by straight paddles located in the internal
35 perimeter of the cylinder defining the mixing zone.



15the flame is parallel to the direction of the heating flow of RAP and supply of unadulterated stone
material. These RAP materials, stone materials, asphalt-rejuvenating agent enhanced with
polymers, in their optimal metering and temperature, arrive to the mixing 20zone where they
homogenized forming a hot asphalt mixture. This hot asphalt mix moves toward the outlet where there
is an asseMthI AR Bf paddles expelling it from the rotary cylinder, that rAt/ME201748e9340 a
recycled asphalt mix lifting system serving as a paddle conveyor, to a silo of 25recycled asphalt mix for
discharging into trucks for purposes of transportaticﬁﬁ and application on roads. The outlet of the rotary
cylinder of the industrial equipment for the hot recycling of asphalt mixes comprises a temperature

sensor that sends a signal 3019 the feexdled Asphaltmix emeerae jndigalgrdn e contiol panel
where itis recorded 3ol GO 10 e USSR %aéﬁiw% TeENiDG Qfasaaalt mies
s provided with a geg[,FPLSr KN TTRAUBASY FRNNETIRTUBAST Taf. IQLeRY CHlBASLMAL hrough an

5 injection pipe coming from the storage tank.

The rotary cylinder is provided with an industrial open-flame burning system

used to transmit heat energy to the RAP and to the supply of stone material.

The heat capacity of the industrial burner depends on the recycling production
10 requirements.

The fire of the industrial burner makes no contact with the RAP or stone
materials since they are protected by the metal walls of the helix, thus forming
the zone for indirect heating of the materials to be processed. The direction of

15 the flame is parallel to the direction of the heating flow of RAP and supply of
unadulterated stone material.

These RAP materials, stone materials, asphalt-rejuvenating agent enhanced
with polymers, in their optimal metering and temperature, arrive to the mixing
20 zone where they homogenized forming a hot asphalt mixture.

This hot asphalt mix moves toward the outlet where there is an assembly made
of paddles expelling it from the rotary cylinder, that mix then passes to a
recycled asphalt mix lifting system serving as a paddle conveyor, to a silo of

25 recycled asphalt mix for discharging into trucks for purposes of transportation
and application on roads.

The outlet of the rotary cylinder of the industrial equipment for the hot
recycling of asphalt mixes comprises a temperature sensor that sends a signal

30 to the recycled asphalt mix temperature indicator in the control panel where
it is recorded and controlled.



through transmissions and load rollers causes the rotation of the industrial 5equipment cylinder. The
frequency converter is controlled from the control panel in order to increase or decrease the rotation
speed of twe radz/ansasquipment cylinder. This is made to maintain an opecnahseompmoane of the
recycled asphalt 10mixture. This parameter is very important because when the exhaust temperature
of the recycled asphalt mixture is over the optimal #mperature, the frequency of the converter is
increased in order to process a higher amount of material 15and in this way to decrease the exhaust
temperature of the reﬁycle a alt mixture, n the cg ontrar When the xhaust temperat e of the
recycled asphalt mixtOre' 1S H%tl v t?raeuc?\é?lﬁ%%l t%rn%éggr ?ﬁree &ér %f ﬂ]?éxﬁf) A&%r
ney ¢ nve ter

20decreased in order tolr ess a ower qua&;at ﬂ‘n ? é/ Qe exhaust

cau In Us
temperature %f the rec m|x ure. The md?rs?rlal equrpmen ort I%’ot recyc Ing &t asphalt
mixes is provided with aFfar‘rek ory s?orrng asphalt-rejuvenating agent enhanced with polymers.

e roEar C er. t

The frequency converter is controlled from the control panel in order to

increase or decrease the rotation speed of the industrial equipment cylinder.

This is made to maintain an optimal temperature of the recycled asphalt
10 mixture.

This parameter is very important because when the exhaust temperature of
the recycled asphalt mixture is over the optimal temperature, the frequency
of the converter is increased in order to process a higher amount of material

15 and in this way to decrease the exhaust temperature of the recycled asphalt
mixture.

On the contrary, when the exhaust temperature of the recycled asphalt
mixture is below the optimal temperature, the frequency of the converter is

20 decreased in order to process a lower quantity of material and in this way to
increase the exhaust temperature of the recycled asphalt mixture.

The industrial equipment for the hot recycling of asphalt mixes is provided
with a tank for storing asphalt-rejuvenating agent enhanced with polymers.

25
Said storage tank is a cylindrical horizontal tank with a temperature control
heating system, equipped with temperature sensor systems, that sends a
signal to the asphalt-rejuvenating agent enhanced with polymers
temperature indicator located in the control panel.

30

This tank is also provided with a system to meter asphalt-rejuvenating
agent enhanced with polymers through a volumetric
gear pump which injects through a pipe
until the mixing zone.
35



Said storage tank is a cylindrical horizontal tank with a temperature control heating system, equipped
with temperature sensor systems, that sends a signal to the asphalt-rejuvenating agent enhanced with
polymers veorqoezateszsindicator located in the control panel. This tank is alsor fpngzedzidondtia a system to
meter asphalt-rejuvenating agent enhanced with polymers through a volumetric gear pump which
injects through a pipe until the mixing zone. 11 Thislsystem to meter the asphalt-rejuvenating agent

enhanced with polymers has a flow sensor that sends a signal to the asphalt - rejuvenating agent
enhanced with poly Q\%sﬁiwrfha?cg‘t%ﬁﬁfoghet@d@ﬂﬁé%% TR gﬂ%ﬁfjofg(.'t@ PAY Mefdstrial
equipment for the h alie(a,r}/ l@f‘/q“%efgég rﬂtgl?tnﬁ?( sisaaﬁg%] E)rcg\c}iﬁ awi _a%@rs{&}‘g@gt{aﬁﬁlgﬁ 5is a
cylindrical horizontalet%n% %i).ntal'r%ln hEMSatstia Ifaufa f5e1 8BEds&Y fnethceoirﬁtcﬁustﬁ%lrl]%urﬁlrng
system of the otaryrceﬁllshcqaer' ®f the industrial equipment for the hot recycling 10of asphalt mixes. The
control panel comprlﬁges iirrl]%tagtrngptg fo measute temp rg%upga,/c Iatergﬁ';ll Qgeﬁ%ﬂ”%%e@tr%l; S%P; stone
materials, aSpha't'reiﬁJX%%H“%HeQ? ﬁﬁ%&%‘? g\é”tﬁa ROVIRRSS;Q fﬁwm%lr%'ﬁ'h%‘%ﬂ&'@ﬁ%”&* Qf the hot
recycling of asphalt {>mixes, FIRM HUG RPN [ING;PreA4CHON IS goefaled And [hesavality,pf e hot

recycled asphalt mix |3 caniplied e dslriay anﬁngPE%Q%R%%quh%ft et nix. 20
The process fgy the hpt rpeyclingof asphalt mixes includes the following steps:

The control panel comprises instruments to measure temperatures, material

metering control; RAP; stone materials, asphalt-rejuvenating agent enhanced

with polymers of the industrial equipment for the hot recycling of asphalt
15 mixes.

From this point, the production is operated and the quality of the hot
recycled asphalt mix is controlled, in the industrial equipment for the hot
recycling of asphalt mix.

20
The process for the hot recycling of asphalt mixes includes the
following steps:
I. Preliminary analysis
25
1. Lab test of the samples of pavement to be recycled.
a) Determination of the existing granulometry.
30 b) Determination of the percentage of supply of unadulterated stone material

to optimize the granulometry of the Recycled Asphalt Mix.

c) Determination of the degree of aging of RAP through testing of
penetration, viscosity, softening point.
35



I. Preliminary analysis 25 1. Lab test of the samples of pavement to be recycled. a) Determination of
the existing granulometry. 30b) Determination of the percentage of supply of unadulterated stone
material to optimize the granulometry of the Recycled Asphalt Mix. ¢) Determination of the degree of
aging of RAP through testing of penetration, viscosity, softening point. 35 12 e) Determination of the
amount o%?lf)‘f}lyb A%sphalt-Rejuvenating Agent enhanced with Polymersptfﬂ é?c??é/ﬂ?@of)ﬁysical and
chemical properties of the asphalt to reach optimal,gontent of asphalt in the Recycled asphalt mix. 52.-
Milling of the asphalt surface. a.- Cold: Cold milling modifies the granulometric curve of the Asphalt
Mix. It also modifies dherasphal sasvent imthe Asphalb Mo bhisde opiRatah RivsHpRINGthe
unadulterated stone dnri@tiah Kefore sNradrciagthesmatadals ik intadhe dedusiiial RecyEings
Equipment. The contgatop Raphalids Costraia fynsempbying it lackiak auaniyaofhalt mix.
asphalt-rejuvenating agent enhanced with polymers, in the mixing zone until reaching the optimal
content of praject. 2.- Milling of the asphalt surface.

a.- Cold: Cold milling modifies the granulometric curve of the Asphalt Mix. It
also modifies the asphalt content in the Asphalt Mix. This is corrected by
supplying the unadulterated stone material before introducing the materials

10 into the Industrial Recycling Equipment. The content of asphalt is corrected
by supplying the lacking quantity of asphalt-rejuvenating agent enhanced
with polymers, in the mixing zone until reaching the optimal content of
project.

15 b.- Hot: Hot milling does not modify the granulometric curve of the Asphalt
Mix. It neither modifies the asphalt content in the Asphalt Mix.

3. Loading and Transportation of RAP into the Industrial Equipment for Hot
Recycling of Asphalt Mixes.

20
4.- RAP is deposited in one of the Hopper of the Hopper System and the
unadulterated stone material is deposited in the remaining hoppers.

5. The RAP and the supply of stone materials are metered by means of the

25 hopper system. This metering is made based on a previous lab test to
determine the optimal supply of unadulterated stone material to obtain an
optimal granulometric curve. The hopper system is provided with a belt
conveying the mixture of RAP and supply of exhausted stone materials, a
weight measuring and control system to record the amount of material to be

30 supplied in weight into the Industrial Equipment for Hot Recycling Asphalt
Mixes.

6.- The RAP material and the supply of stone material are introduced into the
rotary cylinder of the Industrial Equipment for the Hot Recycling of Asphalt

35 Mixes through a belt conveying the mixture of RAP and supply of stone
materials.



15b.- Hot: Hot milling does not modify the granulometric curve of the Asphalt Mix. It neither modifies
the asphalt content in the Asphalt Mix. 3. Loading and Transportation of RAP into the Industrial
Equipment for Hot Recycling of Asphalt Mixes. 20 4.- RAP is deposited in one of the Hopper of the
Hopper System and the unadulterated stone material is deposited in the remaining ho ers 5. The
RAP and %ﬁg?s‘ﬂ &Pstone materials are metered by means of the 25 hd5 é‘f”@’gg Pﬁ %flis metering
is made based on a previous lab test to determine {ge optimal supply of unadulterated stone material
to obtain an optimal granulometric curve. The hopper system is provided with a belt conveying the
mixture of RAP and supply of exhausted stone materials, a weight measuring and control system to
record the amount of; materadfaibe sOaMRIediRayeight into the Industrial Equipment for Hot
Recycling Asphalt Mixes. 6.- The RAP material and the supply of stone material are introduced into the
rotary cylinder of ther|nghusiriad teeinpRe RO B Hiet ot IRpoy elfng s enbedt Ipdlixesauiosgh Rebelt
conveying thes mixtureduis RAPEqOh slepR oot stome: matetialg. ol AskhhHoVResyehag ofsArphabtiMixes

heated because they are protected from fire through the metal walls of the

internal helix until the RAP material and the supply of the stone material reach

optimal temperatures at which the solid asphalt in RAP becomes liquid without

reaching combustion. These temperatures can be 140-160 °C preferably.

10 This heating is produced indirectly since fire does not contact the materials to

be recycled for being protected by the metal walls of the helix. The materials

to be recycled move due to the rotation of the metal helix inside the cylinder

up to the mixing zone. The helix takes from 30-80%, preferably a 60%, of the

length of the cylinder, and the rest is located in the mixing zone. This

15 proportion has allowed the optimization of the mixing and heating process to
recycle 100% of RAP, as mentioned above.

2.- Once the materials to be recycled reach the mixing point, they are injected
with asphalt — rejuvenating agents enhanced with polymers through a pipe to
20 improve the characteristic of the resulting Asphalt Recycled Mix.

The Rejuvenating Agent modified with polymers, with a percentage of asphalt,

metered in optimal amounts to the mixture of RAP and supply of

unadulterated stone material will result in a hot recycled asphalt mix of
25 excellent quality.

By conducting a preliminary lab test, the optimal metering is determined to
achieve the desired amount by combining:

30 a) RAP
b) Unadulterated stone materials
c) Asphalt

35
d) Rejuvenating Agent enhanced with Polymers



1. Upon entering the RAP and the supply of unadulterated stone material in he 5 Industrial EqQuipment
for the Hot Recycling of Asphalt Mixes, they are indirectly heated because they are protected from fire
through theametalwedss of the internal helix until the RAP material and the muppkzafRiheostene material
reach optimal temperatures at which the solid asphalt in RAP becomes liquid without reaching
combustion. These temperatures can be 140-160 &preferably. 10This heating is produced indirectly
since fire does not contact the materials to be recycled for being protected by the metal walls of the
helix. The materials to be rec cled nove %ue to the rot tion of the metal helix inside ]Ihe cylinder up to
the mixing zone. The h%rll efa e§ef? ﬁ@ta ?e?g ﬁlé{réé%‘c Entc’hé] Yéﬁét%”oft 85/% EF and the
rest is located in the 0 xmot'on a° progortlég cﬁﬁvm i ar%]azévtlc‘fn of {He |X|r(]g and
heating proc Es to rec CP%O?;;/() gﬂﬁi Plas méhtioned asove-° %8 CE e mae[eP 41510 be
recycled reach the m|X|ng pomr} they are injected with asphalt - rejuvenatlng agents enhanced with
polymers through a pipe to 20improve tgelgpqg%éﬁq%ﬂf(g}eﬂ_e?sﬁl&#ﬁ;phalt Recycled Mix. The
Rejuvenating Agent modified with polymers, with a percentage of aspha etered in optimal amounts
to the mbdure of RAPand suply obunaierierinemaleriandl esuldna-atisar.asehal
mix of 25excejlent qudlify. By cangueHng 2, psaliminalyslab test, the optimal metering is determined to
achieve the desired amount by combining: 30a) RAP b) Unadulterated stone materials c) Asphalt 35 d)
Rejuvenating Agent gphanged,with Peb0ERSional perspective view of the internal part of the

rotary drum of the industrial equipment for the hot recycling of asphalt

mixes.

15
Figure 3 shows a conventional perspective view of the control panel of the
industrial equipment for the hot recycling of asphalt mixes.

For a better understanding of this invention, a detailed description of any of
20 its embodiments will be made, shown in the drawings that as a way of
illustration but not of limitation are attached to the present description.

DETAILED DESCRIPTION OF THE INVENTION

25 The characteristic details of the industrial equipment for the hot recycling of
asphalt mixes are clearly shown in the following description and in the
illustrative drawings attached, the same reference signals are used to
indicate the same parts.

30 As for figure 1 that shows a conventional view of the industrial equipment for
the hot recycling of asphalt mixes comprising a portable bank of hoppers for
continuous metering 1 preferable comprising a hopper for metering of RAP 2
and two or more compartments of hoppers for metering of unadulterated
stone materials 3 necessary to adjust the granulometric curve of the resulting

35 recycled asphalt mixture, mounted on a supporting structure that include
gear motors 4 with frequency converter in its conveyor belt (see figure 1), in
order to control the amount of metering of RAP and unadulterated stone
material; which send a signal to a RAP flow indicator 34 (see Fig. 3) and an
unadulterated stone material flow indicator 35 (see Fig. 3) to a control panel

40 5 where it is recorded, which may be adjacent or remotely located; below of
that portable bank of hoppers used to meter 1, there is a conveyor belt 6
receiving RAP and unadulterated stone material and transporting them to a
rotary cylinder 7 in steel plate, supported on four load rollers 8 also used as a
power system to rotate the cylinder, and mounted on a supporting structure

45 9.



14 In order to readily understand the features of this invention, the foregoing description includes, as
an integral part, the drawings as a way of illustration but not of limitation, described below
corresponding to the preferred 5embodiment. BRIEF DESCRIPTION OF THE FIGURES

shows a conventional perspective view of the industrial equipment 10for the hot recycling of asphalt
mixes. FiglP212418§¥85% conventional perspective view of the internal partP6TAME28384P009tAm of the

industrial equipment for the hot recycling of asphalt mixes. 15 Figure 3 shows a conventional
perspective view of the control panel of the industri) equipment for the hot recycling of asphalt mixes.
For a better understanding of this invention, a detailed description of any of 20its embodiments will be

made, shown in the ﬂﬁ%“"{j&%%ih gg{g"‘}ay@f":'H%FE%%OMW%Otiﬁ’&'}'@ﬂé‘(“%%  aHachseipghe

present description. QE{E@\'H

Figure 1

RIETIDNQE THE INVENTION. 25 Fhschaiagieiste details of

D
the industrial equipmentiarthe.Nalfecysling:ofasiaitnixes are Slparosieyme nlbs fallewing
description and in the,lilistrative, drawings.atiachach Jie. sarpesferancs, sidnalsAlecusss {o ndicate

the same parts.
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production of the hot recycled asphalt mix.

The industrial equipment for the hot recycling of asphalt mixes is provided
with a tank for storing asphalt-rejuvenating agent enhanced with polymers 11
from which the mixture of asphalt-rejuvenating agent enhanced with
polymers is metered through a volumetric gear pump 12 injecting through a
pipe 13 until the mixing zone 24 (see Fig. 2)

These RAP materials, stone materials, asphalt-rejuvenating agent enhanced
with polymers, in their optimal metering and temperature, arrive to the
mixing zone 24 (see Fig. 2) within the rotary cylinder 7 where they
homogenized, said mixing zone 24 has a plurality of mixing paddles located in
the internal part of the rotary cylinder 7, and that plurality of paddles is
formed by two series of paddles 23 separated one from the other, one of
these series is formed by straight teethed paddles for mixing and the second
series is “V” shaped.

This hot asphalt mix moves toward the outlet where there is an assembly
made of paddles 23b (see Fig. 2) that expels the mix from the rotary cylinder
7, from there it moves to a recycled asphalt mix lifting system 14, which
serves as a paddle conveyor, to a silo of recycled asphalt mix 15 used to
discharge it into trucks for purposes of transportation and application on
roads.

The outlet of the rotary cylinder 7 of the industrial equipment for the hot
recycling of asphalt mixes is provided with a temperature sensor 24b (see Fig.
2) that sends a signal to the recycled asphalt mixture temperature indicator
in the control panel 5 where it is recorded.



30As for figure 1 that shows a conventional view of the industrial equipment for the hot recycling of
asphalt mixes comprising a portable bank of hoppers for continuous metering 1 preferable comprising
a hopper for metering of RAP 2 and two or more compartments of hoppers for metering of
unadulterated stone materials 3 necessary to adjust the granulometric curye of the resulting 35
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recycled asphajrt2 |xzure, mounted on a supporting structure that include gea Motors A with frequency
converter in its conveyor belt (see figure 1), in ordgygto control the amount of metering of RAP and
unadulterated stone material; which send a signal to a RAP flow indicator 34 (see Fig. 3) and an
unadulterated stone material flow indicator 35 (see Fig. 3) to a control panel 40 5 where it is recorded,
which may be adjacent andesiately deoaieditbRlowhefibat paréahie daddo bilhopressivupecviadneter 1,
there is a conveyor bethG raesivingdR MR ahd ynadyterated stapa miaierial mnel-irapspostingathem to a
rotary cylinder 7 in steed ydateysupposiedsonddutdeadroltets 8, alsekasethas@|pawer Bystethdo rotate
the cylinder, and mondtedran ensuppernting sitacture 459. 15 The rotary cylinder 7 is provided with an
industrial open-flame burning system 10 mounted at the beginning of the rotary cylinder 7 in order to
transmit the heat enéhgyftedthenRAFPoaner tertirecumppiliest Stometheatenalo T hensheati capdeitytof the
industrial burner 10 deperdscord teecrsquine metatsonf preetlioficheointhes ol ryiolnd rdspiialdenix. The
industrial equipmentToe tiie Heneesl ttingp ofrasphale pilxe s praseedanththadakyide stasiigt
asphalt-rejuvenating™igéfitenhanced with polymers 11 10 from which the mixture of
asphalt-rejuvéfating agent enhanced with polymers is metered through a volumetric gear pump 12
injecting through a plp& P3#it thie kany 2HRst2a1(8862RR. P ThdBe RAPUSIHRMAR 28R materials,

asphalt-rejuvenatingt @éﬁf\@lﬁ%ﬂ&@&plt mixture is over the optimal temperature, the frequency
of the converter is increased in order to process a higher amount of material

and in this way to decrease the exhaust temperature.
15
On the contrary, when the exhaust temperature of the recycled asphalt
mixture is below the optimal temperature, the frequency of the converter is
decreased in order to process a lower amount of material and in this way to
increase the exhaust temperature of the recycled asphalt mixture.
20
The industrial equipment for the hot recycling of asphalt mixes also has a fuel
storage tank 17. This is a cylindrical horizontal tank containing the industrial
liquid fuel to be used in the industrial burning system 10 of the rotary
cylinder 7 of the industrial equipment for the hot recycling of asphalt mixes.
25
Such rotary cylinder 7 comprises a combustion gas extractor 18 through
which combustion gases are discharged.

A weight measuring element 19 is provided below the conveyor belt 6 at the

30 inlet of the rotary cylinder 7, recording the amount of RAP material and the
supply of unadulterated stone material to be provided in weight to the
Industrial Equipment for the Hot Recycling of Asphalt Mixes. And it also sends
a signal to RAP flow indicator 34 (see Fig. 3), and the supply of unadulterated
stone material flow indicator 35 (see Fig. 3) to a control panel 5.



15 with polymers, in their optimal metering and temperature, arrive to the mixing zone 24 (see Fig. 2)
within the rotary cylinder 7 where they homogenized, said mixing zone 24 has a plurality of mixing
paddles located in the internal part of the rotary cylinder 7, and that plurality of paddles is formed by
two series of paddles 23 separated one from the other, one of 20these series is formed by straight
teethed pé(‘ﬂ%i é%?%ﬁiing and the second series is "V" shaped. This hot £§M%’f??ﬁf>(°t‘?‘?8g‘és toward
the outlet where there is an assembly made of padgdles 23b (see Fig. 2) that expels the mix from the
rotary cylinder 25 7, from there it moves to a recycled asphalt mix lifting system 14, which serves as a
paddle conveyor, to a silo of recycled asphalt mix 15 used to discharge it into trucks for purposes of

transportation and appligatioguen soams. e Lulrl ltbadopm sadingderic af dha irdisstiiab
equipment for the hofaiecycling Rftaspaalinmbras ésippavidrd yithpmlamperahy e sensgchab gsee Fig. 2)
that sends a signal testhe eeyeded aspbak dupsuneeternpacatpae: indicadey tythecontsaangld where it
is recorded. 36 TheJmdustiateeiipmer fosithe hakreextigngnel @sphakt thixaslis peoyicieclwith a gear
motor with frequencyreevarter dhtirdaetbeyrodanyi tylinddrathatc thiudgid tramserdgstansugndtioad
rollers 8, makes the ieyléndesrv of dhieebivichisttiak e quigpmeniel koteteh d helfketiseady earrerter is
controlled from the camivel panel 5rid andesi{o aicteast bt decdeasenihentetation 3pead of thieandustrial
equipment cylinder. gdisrist éntendeditectynitkaltthe optin?al. teimeperéturdk el Hesicycteteasphalt mixture.
10 10 60%, of the total length of the rotary cylinder. The rest of the percentage is
formed by mixing straight paddles 23, located in the internal perimeter of the
cylinder forming the mixing zone 24. This hot asphalt mix moves toward the
outlet housing an assembly made of paddles 23b that expel it from the rotary
cylinder 7, this point is provided with a temperature sensor 24b, which sends
15 a signal to the recycled asphalt mix temperature indicator in the control
panel 5 for registration. At the point where the helix ends and the mixing
paddles begin, there is an injection point for injecting asphalt- rejuvenating
agent enhanced with polymers 25, this injection is made through a volumetric
gear pump of Asphalt-Rejuvenating Agent enhanced with polymers through
20 an injecting pipe 13, coming from the storage tank 11 (see Fig. 1)

Figure 3 shows a conventional view of the control panel of the industrial
equipment for the hot recycling of asphalt mixes. In this figure, the control
panel 5 includes means of control to start and shut down the engines and

25 gear motors of the industrial equipment 28, means of control of frequency
converters of gear motors 29, indicators of amperage of engines and gear
motors 30, recycled asphalt mix temperature indicators 31, asphalt-
rejuvenating agent temperature indicators 32, indicators of temperature of
the inner part of the rotary cylinder 33, RAP flow indicators 34, stone

30 material supply flow indicator 35, asphalt-rejuvenating agent flow indicator
36 and a screen with the operation flow diagram of the industrial equipment
37.



This parameter is very important because when the exhaust temperature of the recycled asphalt
mixture is over the optimal temperature, the frequency of the converter is increased in order to process
a higher amount of material and in this way to decrease the exhaust temperature. 15 On the contrary,
when the %xh%tfgéltoesrpsgerature of the recycled asphalt mixture is below theI:) Q tir)pzallg 5ngoelt;lature, the
frequency 01 fhe“tonverter is decreased in order to process a lower amount fmaterial and in this way
to increase the exhaust temperature of the recycleggasphalt mixture. The industrial equipment for the
hot recycling of asphalt mixes also has a fuel storage tank 17. This is a cylindrical horizontal tank
containing the industrial liquid fuel to be used in the industrial burning system 10 of the rotary cylinder
7 of the industrial eqripmenédoiotherhotyeeyctingictagphalisorises. Suchaotary epurdevithcampsiges a
combustion gas extratianddthroughevhigld cambestible gases preddischargesh /Aiweaight reQasunng
element 19 is provided ixédowdtha abeveyesddelti Gvahtien 30 Hieteokthe ngtasyreytind@ih?7 skeording éhe
amount of RAP mateeid dna theesupplyrofgunibiduiteratedrstone matebizl to begovidetificawerghtta the
Industrial Equipmentitsk the dHiot fRecyehiicp bb Aspbakdix&stoAnbleibalsa send tbigpraintodRid# ibosy
indicator 34 (see Fign3y, datkthemsidply whureadulterdted steme muaterial flowdsdichttre35amee Figs 3)
to a control panel S.reltisedfoh diguipee 2t thiat tshanen ti aord/entiontl [vevisgedtivesvisghoftine tinteynal part
of the rotary drum ofstiveishhastrid eegiipiitent fer strphoff ideyclieg tdéasphalt mixes. In that figure, the
internal part of rotary cylinder 7 is provided 5 with an internal metal helix 20 delimiting the walls of the
helix 26 a circular space in its center thereby forming the flame conduction zone 21 through its inner
part and between those metallic walls of the helix there is a zone to convey RAP and supply of
unadulterated stone material 27, it is also generated an indirectly heating zone 22. The helix takes
30-80%, preferable a 10 60%, of the total length of the rotary cylinder. The rest of the percentage is
formed by mixing straight paddles 23, located in the internal perimeter of the cylinder forming the
mixing zone 24. This hot asphalt mix moves toward the outlet housing an assembly made of paddles
23b that expel it from the rotary cylinder 7, this point is provided with a temperature sensor 24b, which
sends 15 a signal to the recycled asphalt mix temperature indicator in the control panel 5 for
registration. At the point where the helix ends and the mixing paddles begin, there is an injection point
for injecting asphalt- rejuvenating agent enhanced with polymers 25, this injection is made through a
volumetric gear pump of Asphalt-Rejuvenating Agent enhanced with polymers through 20an injecting
pipe 13, coming from the storage tank 11 (see Fig. 1)



Figure 3 shows a conventional view of the control panel of the industrial equipment for the hot
recycling of asphalt mixes. In this figure, the control panel 5 includes means of control to start and shut
down the engines and 25 gear motors of the industrial equipment 28, means of control of frequency
converters of gear motors 29, indicators of amperage of engines and gear motors 30, recycled asphalt
mix tempgepibig/iagheators 31, asphalt-rejuvenating agent temperature indigaiis: 3otadicators of
temperature of the inner part of the rotary cylinder 33, RAP flow indicators 34, stone 30 material supply
flow indicator 35, asphalt-rejuvenating agent flow idlicator 36 and a screen with the operation flow
diagram of the industrial equipment 37. 18 The invention has been sufficiently described so that a
person with average knowledge in the field to behBI¥to reproduce and obtain the results we
mentioned in the, preaeNtdGYHMIAN. tHIOMWE VRE. rRBYCPRESON At Rkilis &9, the, hleehRichl rea ¢overing
this invertiaipmay be able to make modifications not described in this application; however, if for the
application of these modifications in a determined structure or in the manufacturing process of the
same, it s Petaied ag shibrrRtshTattBc haitioied Impe TSy dradidtcaty starcdesdpsuld be
included Witth e UPELP e SHRRMHSS. SW@%M%‘%‘V%@@&W ROBIS/0680 iA g ey

converter to control metering and sending a flow indicator signal to a control panel where it
is recorded;

a conveyor belt is provided below the hopper bank to receive the material and transport it
toward the inlet of the rotary cylinder, supported on four load rollers serving also as driving
system to transmit the movement from a gear motor for cylinder rotation;

a tank for storing a mixture of asphalt - rejuvenating agent enhanced with polymers which
is metered by a volumetric gear pump through a pipe towards the rotary cylinder, the outlet
of said cylinder comprising a temperature sensor that sends the signal to the recycled
asphalt mix temperature indicator in the control panel;

a recycled asphalt mix lifting system adjacent to an outlet of the rotary cylinder which
conveys said mix to a discharge silo;

a combustion gas extractor in the rotary cylinder for discharging combustion gases from
the burner;

a fuel storage tank used in the industrial burner and a weight measuring element is provided

under the conveyor belt at the inlet of the rotary drum, which records the amount of
material to be supplied in weight, said cylinder comprises an open-flame industrial burner
mounted at the beginning of the cylinder to transmit heat energy to the RAP and the supply
of unadulterated stone material ; an inlet and an outlet;

an Internal continuous metal helix taking 30-80% of the total length of the rotary cylinder;

the walls of the helix form a circular space in its center forming a flame conduction zone,
between said walls of the helix there is a zone for conduction or conveyance of RAP and
supply of unadulterated stone material, in the flame direction, as the cylinder rotates, and
generating a zone for indirect heat energy transfer, so that the solid asphalt contained in the
RAP changes to its liquid phase, without reaching combustion;

an injection zone of asphalt-rejuvenating agent enhanced with polymers, adjacent to the end
of the helix, a plurality of mixing paddles forming a mixing zone, which are located at the
internal perimeter of said cylinder and after the metal helix, to mix the RAP and the supply
of unadulterated stone material with the asphalt - ejuvenating agent modified with polymers
injected;

a plurality of paddles for expelling the mixed material, adjacent to the mixing paddles, for a
subsequent expulsion of the hot asphalt mix which has moved from the mixing paddles,



CLAIMS 1.Industrial equipment for the hot recycling of asphalt mixes, characterised in that it
comprises a portable bank of hoppers which are used to meter RAP and unadulterated stone
materials, which are mounted on a supporting structure, along with gear motors with frequency
converter to control metering and sending a flow indicator signal to a control panel where it is
recordeda eeryeyEdelt is provided below the hopper bank to receive thermaietiglassdransport it
toward the inlet of the rotary cylinder, supported on four load rollers serving also as driving system to
transmit the movement from a gear motor for cylind8r rotation; a tank for storing a mixture of asphalt -
rejuvenating agent enhanced with polymers which is metered by a volumetric gear pump through a
pipe towards the rotary cylinder, the outlet of said cylinder comprising a temperature sensor that sends
the signahio ihe [ReysladasPhrltRbteyRRatus indicaterindie GantqLeANRl: A darxclrd grphalt mix
ifting SySiEMACIAGERY R0 RUPLPIERIRRY Y DS WRIKHGENYBYS RaP. mix (0 a discharge sio; a

combustion gas extractor in the rotary cylinder for discharging combustion gases from the burner; a
fuel storage tank used in the industrial burner and a weight measuring element is provided under the
conveyor belt at the inlet of the rotary drum, which records the amount of material to be supplied in
weight, said cylimdertcoinpuisesant dperbitahoe indudinal @umsehatiovinted at¢helbaghonitg of the
cylinder tchtnansmikeldeat baesgid toethrerRAR, anad tnét supplynoininadbidtératech Btonemeartaiiad flan inlet
and an ouiletjan ditdranabcogtioyioutmetiad helix taking SD-80ko of tbhqutoiat lengtbr af thehiotary
cylinder; tbetvaits ot she theligdoma cipoldas spacetiniis cpeder fadmningralflameconduationzone,
between sajscwakls pfdhecheloth@keris perangfoaranduction or conveyance of RAP and supply of
unadulterated stone material, in the flame direction, as the cylinder rotates, and generating a zone for
indirect heat energy transfer, so that the solid asphalt contained in the RAP changes to its liquid
phase, without reaching combustion; an injection zone of asphalt-rejuvenating agent enhanced with
polymers>-adjac@fity" {ﬁleCQHH’HFfHefﬂ%I‘iR,e RIS kit M E Aot R Ailing ¥8he; which
are locatEPEHsE Rtbim A PehfmaRh abF Bty eDAHBR A8 LYIERRHRY FHetAIBAR 6 Thix the RAP and the
supply of unadulterated stone material with the asphalt - ejuvenating agent modified with polymers inj
ected; 20 through the outlet of the metal cylinder, where such mixing and expelling paddles occupy

the rest of the tq;ﬂlulﬁﬁgtheﬂmsﬁ&}f”ﬂqefhi@ %9@559&%@’@? Qs%@%’t %E)CS, according to claim 1,

characterised in that the helix preferably occupies 60% of the length of the rotary cylinder.

5. Industrial equipment for the hot recycling of asphalt mixes, according to claim 1,
characterised in that said tank for storing asphalt-rejuvenating agent enhanced with
polymers, consists in a horizontal cylindrical tank with heating system and temperature
control, and with temperature sensor systems, which sends a signal to the asphalt-
rejuvenating agent enhanced temperature indicator with polymers located in the control
panel.

6. Industrial equipment for the hot recycling of asphalt mixes, according to claim 1,
characterised in that the system that meters the asphalt-ejuvenating agent enhanced with
polymers, includes a flow sensor that sends a signal to the asphalt-rejuvenating agent
enhanced with polymers flow indicator in the control panel where it is recorded and
controlled.

7. Industrial equipment for the hot recycling of asphalt mixes, according to the
previous claims, characterised in that said control panel comprises

means to shut down and start the engines and gear motors of the industrial equipment;
means of control of frequency converters of gear motors;

indicators of amperage of engines and gear motors;



2. Industrial equipment for the hot recycling of asphalt mixes, according to claim 1, characterised in
that said gear motor, transmits movement to the load rollers generating the rotation of the rotary
cylinder; and it is provided with a frequency converter, which is controlled from the panel to regulate
the rotation speed and control the temperature and capacity of production of the recycled asphalt mix.
3. Industig) asiujpesesy for the hot recycling of asphalt mixes, according tectlRixaol2 oasacterised in
that the asphalt-rejuvenating agent is improved with polymers. 4. Industrial equipment for the hot
recycling of asphalt mixes, according to claim 1, cHdracterised in that the helix preferably occupies
60% of the length of the rotary cylinder. 5. Industrial equipment for the hot recycling of asphalt mixes,
according to claim 1, characterised in that said tank for storing asphalt-rejuvenating agent enhanced
with polypgggl&p@ﬂ%iﬂﬁ tgagggﬁﬁlrg)fﬂgwig&lst,ank with heating system and temperature control,
and with temperature sensor systems, which sends a signal to the asphalt-rejuvenating agent
enhancedsigmipetaivea dndicatenwith pelyraer snlgicated in the control panel. 6. Industrial equipment for
the hot recycling of asphalt mixes, according to claim 1, characterised in that the system that meters
the asphéaitajugenafitgragerit endlaticad with o lyintees olacyudémdeflow sensor that sends a signal to
the asphalt-rejuvenating agent enhanced with polymers flow indicator in the control panel where it is
recorded™Hht ﬁBWtﬂBﬁé“cﬂ“’?i Industrial equipment for the hot recycling of asphalt mixes, according to

the previg)%% ecI%icj;{'nesri zfihs%r"’hci}reﬁ??ﬁiﬁ'&itpa% l§aid control panel comprises means to shut down and start
the engines and gear mators of the industrial equipment; means of control of frequency converters of

gear moteysindiepiors RfrMperAgR #f RIBRS and 98arRI0WPrS: (Rd spexaied arpnalbBiim of
temperatyge;nFigaorsgasphalt-rejuvenating agent temperature indicators; indicators of temperature of
the inner part of the rotary cylinder; RAP flow indicator; stone material supply flow indicator;
asphalt-rejuvenating agent flow indicator and a screen with the operation flow diagram of the industrial

equipment. 8.A hot asphalt mixes recycling process, characterised in that it comprises the stages
8. A hot asphalt mixes recycling process, characterised in that it comprises the stages

of:

providing an industrial equipment for the hot recycling of asphalt mixes of any
of the preceding claims;

depositing RAP to be recycled in the hopper system;

depositing the unadulterated stone material in hoppers different from that
containing RAP;

metering the RAP material and supply of stone materials through a hopper
system, in the optimal amount;

measure the weight of the material to be supplied through a weight measuring
element located under the conveyor belt, transporting RAP and supply of stone
materials through the conveyor belt towards to the inlet of the rotary cylinder;

moving that material to the direction of the burner flame (parallel flow) by
rotation of the rotary cylinder, from the inlet of the cylinder to its subsequent
outlet, transporting the material deposited in the cylinder along the lower zone
of the metal internal helix taking 30-80% of the total length of the rotary
cylinder, by means of the walls of the metal helix delimiting the zone of
conduction or conveyance of material;

indirectly heating the material at 140-160 °C by means of an open-flame
industrial burner, mounted at the beginning of the rotary cylinder; the material
is protected from direct fire by means of the metal walls of the internal helix
of the cylinder;

for the heat transfer to change the asphalt contained in said RAP to its liquid
phase, without reaching combustion;



of: providing an industrial equipment for the hot recycling of asphalt mixes of any of the preceding
claims; depositing RAP to be recycled in the hopper system; depositing the unadulterated stone
material in hoppers different from that containing RAP; metering the RAP material and supply of stone
materials through a hopper system, in the optimal amount; measure the weight of the material to be
supplied throygha sgighss measuring element located under the ceaygay@obgtedsansporting RAP and
supply of stone materials through the conveyor belt towards to the inlet of the rotary cylinder; moving
that material to the direction of the burner flame ¢parallel flow) by rotation of the rotary cylinder, from
the inlet of the cylinder to its subsequent outlet, transporting the material deposited in the cylinder
along the lower zone of the metal internal helix taking 30-80% of the total length of the rotary cylinder,
e oAl LA SSIIDA IR 2006 & SONONGAD Sheairace of materes
|nd|rectl_y h_e%ﬂagty.ﬁ% rg%t@yq{_%&ﬁﬁ)-&@%ﬁhy MARANS QL AL PRENHaME AN gsgg;ﬂl%w@er, mounted at
the beginning, gf e ralarvreylindeb ihe matarial iajpreigeisd fran dirgct firg bydngans of the metal
walls of the ipfernaldmglix of the cylinder; for the heat transfer to change the asphalt contained in said
RAP to its liquid phase, without reaching combustion; 22 injecting asphalt-rejuvenating agent
enhanced with polyrReyB tanthenmadtéréah@ddsthen maneiitl alodgtbleeasyétal hrejineirongh a pipe coming
from the storagse tamdiivi¢hvishcorinevtedatagrinjeftionipgintiodeted at the end of the metal helix;
mixing RAP and unadulterated stone material and the asphalt-rejuvenating agent modified with
polymers by fheshe S FRiHgpasie Sdpetinberlrh theYmedar b erithdmkot #Bcibed asphalt mix
through the &XBENING patlifes:24d discharging combustion gases through the gas extractor during the

recycling pro 1%§I§érging combustion gases through the gas extractor during the recycling

process.




