-1 - DESCRIPTION METHOD FOR RE-USING RECYCLING ASPHALTS
AND THE PRODUCTION OF ASPHALT AGGREGATE Technical field The
invention relates to a method for re-using recycling asphalt and the
production of new asphalt aggregate sushy @s warm or hot asphalt aggregate
using at least proportions of recycling asphalt to be added. Within the

meaning afdheimventiondegychngiaspbalis are undersiood e refeptaalt ron

products that are obtained, for example, by cutting or crushing bituminous
pavings into blocks, whichEprodtets lcbntaiff 2t fgast re-usable constituents

of bitumen and rocks and are processed as granulates for re-use, for
example. Such methods for processing recycling asphalt into granulates are
Taistsed lin'uS 5%26,659 and DE 44 07 822 C2, for example. What are
meant in the invention by asphalts, including warm and hot asphalt
aggregates, are all aggregates which contain proportions of bitumen and

T hinetd SubStariced Ma." Fhel&ssary filerS WhichTare G in referénéet 109

atoshexampledastthe spicbasphalicaggesyatesifor application dgyasphakk, such
highwa%s or oltlher asphalt pavements. State of the art R?cycling asghalt IS

aﬁaiﬁﬁﬁ; |n8Feas°|3ntg SigRificance IWorTaias ulélsnlgngxi?ttfng fe3dhrdes. pprtions
oprincipteclhost albreeyaingasphalis¢ad be re-used, particularly for the - 2

manufacture of new asphalt aggregate. Although the re-use

Within the meaning of the invention recycling asphalts are
understood to refer to all products that are obtained, for
example, by cutting or crushing bituminous pavings into
blocks, which products contain at least re—-usable
constituents of Dbitumen and rocks and are processed as
granulates for re-use, for example. Such methods for
processing recycling asphalt into granulates are disclosed

in US 5,626,659 and DE 44 07 822 C2, for example.

What are meant in the invention by asphalts, including warm
and hot asphalt aggregates, are all aggregates which
contain proportions of bitumen and mineral substances and,
if necessary, fillers which are used in preference, for
example, as the said asphalt aggregates for application in

asphalt highways or other asphalt pavements.
State of the art
Recycling asphalt is gaining increasing significance

worldwide using existing resources. In principle almost all

recycling asphalts can be re-used, particularly for the



requirement, already sanctioned nationally, is now being implemented in the
case of the building material asphalt, but certain needs to be improved. With
an annual asphalt production of approx. 60 mill. tonnes in Germany, approx.

mboHlkdeanes gfrecycling asphaft aé%?%%%t&yebei%%%&é%ﬁ inGermany, se
However, the re-use of recycling asphalt could be much higher. There are

5138 IR eleaP provisiohs 7 e icténsht Rechrice Fegulatibhs 8/ Leing
i iRstruction sheets on the gyaatities of recyeling asphalts added 1o neWphait,

aggregates which depend on the condition and homogeneity of the recycling
budpttst Bitmitd ainitiafly S8t SRS HG4antity added, these limits being

dependent on the condition of the recycling asphalts and on the technical

possibilities when heating the asphalt granulates (i.e. the processed material

WikiBhed or fEEHNTY intd THE MikingIaAt CSiht8 tha birftfer eéntairftéd iftt 11 -
tasphalts, isuclsas bitumen,alse xidisesand decome drittiasforleng-pesjedsi ng
lain under traffic (known as a ein]g%, provision has already been made to
2E5ittetactthis a%%ﬁi@eWE)%d?ﬁﬁ itabi€ TreSh bitder” i Rt aggregAteS:
tHeweyen dimitations wwhich eanstidwiedhe addition béarhiumenithiatis.one
stage softer are indicated in the technical regulations for the addition of
fresh bitumen. Furthermore, limits are set when heating the asphalt

Toranellatesse.glisopasrdllet drimsd.1IRecyclingrasphialins generalyeheatédtant
t%%ﬁ%%%gi149§§5T8W¥§N?r”§%a3 instruction sheets on the
quantities of recycling asphalts added to new aggregates

which depend on the condition and homogeneity of the

recycling asphalts.

Limits are 1nitially set on the quantity added, these
limits being dependent on the condition of the recycling
asphalts and on the technical possibilities when heating
the asphalt granulates (i.e. the processed material
finished for feeding into the mixing plant). Since the
binders contained 1in asphalts, such as Dbitumen, also
oxidise and become brittle for 1long periods lain under
traffic (known as ageing), provision has already been made
to counteract this ageing by binding suitable fresh bitumen
in new aggregate. However, limitations which constitute the
addition of a bitumen that 1s one stage softer are
indicated in the technical regulations for the addition of

fresh bitumen.

Furthermore, limits are set when heating the asphalt
granulates (e.g. in parallel drums). Recycling asphalt is

generally heated to up to 130° - 140° C, allowing for the



atmospheric environmental conditions. Moreover, there may be problems
with the degree of purity of the exhausgair on the flue of the mixing plant,
whose removal is technically expensive. If approx. 500 by weight of recycling

afsphalhwere-now,ip; beaddedte the new aggregate,dhe pew minefdl .o nay

substances would have to be heated well over 200 C. Only in this way could
bthereghiredagygicdaté temperaitre cfagpiox. 60PL180'€ Isechemigved 1t on

£ Witheut the addition of reeycling1asphaltanly 480 Grissgquired for begting 11y
the mineral substances according to the state of the art. At present three

Spfoblems Surrently oppose the higher rate of re-use of recycling asphalts: 1.
The degree of oxidation (ageing) of the bitumen in the recycling asphalt. 2.
The composition ((currently not every recycling, asphalt can be used in every

ThedPEdipd): 3°Newheatifig @thnBlogles WodidHave 16 b devBoped 8" °
vheatdhe asphaltigranulate. Ageerding-to, the eyvalyatedrpatentditeratuse theices
relevant technical wor|d has so far only devoted jtself to certain  points and
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1%05".3'835 on, the gne hang, or,composition propartions and, in addition, ?ﬁ‘ng
only interms of approac%, measures for improving the - & recycling as.ﬁ)/hatl
aisteens ofdndividuidloqualities of it cohstittienis so tad thengsphialt cari beral

sg%g%g%ces according to the state of the art.

At present three problems currently oppose the higher rate

of re-use of recycling asphalts:

1. The degree of oxidation (ageing) of the bitumen in

the recycling asphalt.

2. The composition ((currently not every recycling

asphalt can be used in every new recipe).

3. New heating technologies would have to be developed

to heat the asphalt granulate.

According to the evaluated patent literature the relevant
technical world has so far only devoted itself to certain
points and only to solving partial problems associated
with the re-use of recycling asphalts. These are either
environmental or plant and process—-specific problems on
the one hand, or composition proportions and, in addition,

but only in terms of approach, measures for improving the



This is documented by the following development chronology according to
the evaluated patent literature. A device for processing bituminous
aggregate, such as heating recycling asphalt, is therefore proposed in DE G

890/ 892,68 U&s.ﬁHBE@bﬁﬁn%@%{E‘géQ the,recyeling, asphalt are pat yet i+t
examined in further detail. According to DE 38 31 870 Cl a multi-stage

Procésstisepioposed forthehandraetire bf a3phalEusifig 'grahulated
recycling asphalt in which granulate and rock are fed into the mixer in a first
j?rocess stage. The process will ensure the use of a high proportion of

Béyling ASpREFRItSLL BUffeRifig by blifsating eVapsrtioReAtmathbater °9Y

dnanHactuingasphalt dsing reeyelingasphalt is-disclosed in DE 41 40 964
Al for minimising the exhaust gases from the thermal treatment in terms of

the hydrocarbon proportion. This recycling asphalt is previously classified

Antaja ¢odese &g a finestractiom Oniy: thencourses postipnscayetaifially heat as
treated and the fine portions are added together with hot bitumen at the end

bt e Reartrealment Fof i 8cdromical heafind of fecPdimg dsphalt th (Re  ©
gnanufagtredf newy asphalt, P43 20664 Al disclogest another methogfof ng

heeﬁigg tthig rrec%‘cling asphalt i@n atngeparrz%uef(1:ilrrutni]1 b%: fléletgaanS. -5
Frthermore, EP 0226 316 AT als6 discloses 'a method for the low-emission
processing of a bituminous aggregate with a proportion of granulate as
Ageygling agoregatg(recycling asphalt). fere the proporions are first mixed,
proposed for the manufacture of asphalt using granulated
recycling asphalt in which granulate and rock are fed into
the mixer in a first process stage. The process will
ensure the use of a high proportion of recycling asphalt

without buffering by pulsating evaporation.

A method for manufacturing asphalt using recycling asphalt
is disclosed in DE 41 40 964 Al for minimising the exhaust
gases from the thermal treatment in terms of the
hydrocarbon proportion. This recycling asphalt is
previously classified into a course and a fine fraction.
Only the course portions are initially heat treated and
the fine portions are added together with hot bitumen at

the end of the heat treatment.

For the economical heating of recycling asphalt in the
manufacture of new asphalt, DE 43 20 664 Al discloses
another method for heating this recycling asphalt in a

separate drum by flue gases.



in a mixer, among other things. The proportion having the largest heat
content is used by feeding excess heatta the other proportions for
temperature equalisation. EP 0 409 097 Al explains that cationic emulsifiers

mnd: nayral.or sypihegic pubber g synthelic Jesin dispessions argaddedytod,
bitumen emulsion for the environmental recycling of recycling asphalt _
Comtaifitig Piteh SDEN 95 30 €64 Al Alsofdiscissesal difetiiondfiRgate with

Aevelopipent-qfdhe capstructen of agphalt mixing plapts. forprovidings regate
asphalts to be processed and referred to in the patent as old asphalts
YF@@%I’HQIﬁgplﬁaﬁﬂ%?ﬂ‘}rtéco%%ﬂ@alF@ﬁvi%ﬁﬁ%&%%n&?%nglrSt mixed
BNCENYrSAURG PEACRSSING: Aedry diumdieatedhindiseethoindhe ncawmafigwt he
and divided into regions with different installations and functions was
Btbp6sd foF Heafifg ARl tdryfhg thehsphalt GranulsteStHer Sy fedticingthe™e
anesgy gequisemenhand exhausigasesand preventingseracking of the
asphalt granulate containing bitumen. EP 1 254 925 Al states, among other
things, that old asphalts (recycling asphalts) are red to a mixing plant in

Brhich newcasphbalt is masstactired by aknowa cobventioralumetfad For and
this purpose paraffin obtained by Fischer- Tropsch synthesis (FT paraffin) is
B g T Bariont “HRS £t G (RGBT odi e 1 ons
damtendedd fuhctiomally todncrease themresistivity of the asplalt cappliedrassatal
road gilrface. - 6 Among other thinlgs tche rej]ucvaenation initggﬁ,(-anse of a

'regeneration Of récyehing asphalt.is also discussed in

DE 195 30 164 Al also discusses a direction in the
development of the construction of asphalt mixing plants
for providing asphalts to be processed and referred to in
the patent as old asphalts (recycling asphalts) for
economical, environmentally friendly and energy-saving
processing. A dry drum heated indirectly in the
counterflow and divided into regions with different
installations and functions was proposed for heating and
drying the asphalt granulate, thereby reducing the energy
requirement and exhaust gases and preventing cracking of

the asphalt granulate containing bitumen.

EP 1 254 925 Al states, among other things, that old
asphalts (recycling asphalts) are red to a mixing plant in
which new asphalt is manufactured by a known conventional
method. For this purpose paraffin obtained by Fischer-
Tropsch synthesis (FT paraffin) 1is added in defined
proportions. The FT paraffin (SASOBIT®) added is intended
functionally to increase the resistivity of the asphalt

applied as a road surface.



0 558 174 Al, the addition of oil obtained from digested sludge in
conjunction/mixing with various other ghemical components such as

nitrogen, oxygen, sulphur, hydrogen and carbon being determined in defined
proportions by weight. Furthermore, according to US 5,755,865, the
regeneration of recycling asphalt should be achieved by the use of a shale
IBNIR% defihed addition Hovever, ShalVEilsareC envirbnmeltally Rafffulds 2

Agaalics sothis,methad is alsg disgdyantageous hurthermore, according pr,
to US 6,117,227 asphalt and flux oil are used, but only in the cold process,

Qureré fia 81 14 mteitied 16 Pehéfite Hind Stvell the agaRsyate-Rvelogess ted

fnam &id biadeé@xgmbfﬂarthmgwaﬁ@ﬁmlordge%@yar@ﬂt@a:th%lb@mcal
during compression. On the other hand US 6,159,279 relates to the double

%WBﬂIFﬁMp%O%O&G@Cy&Iﬁé%%%haE T Rhifure S WithgGéryand
hard bindes i hhe eielerof differentdenveatepraenpdisgciions Jrom the wstatgrof .
the art to be considered is closed with US 2004/01/0146351 Al in which a
repair material is proposed which also comprises a binder with recycling
Eaaphahrﬁnmerauwiﬁwaﬁm analysed state=of tbe ayt shaws thatdheration

%mflct-:%%ac dlgg\évl rrénf%rlsed seié)f %ﬁobleng, alregd dlscu}§sed such %s

egr ation (agemg) hé' bitamen in e recycllng
ssphalt, c&lhammp@ﬁlbm(@dt evsty rtecyclinglasphalt-candies Used in.evety e
éﬁ%&g%: Qﬁ%cﬁly' harmful as aromatics, so this method is

also disadvantageous.

Furthermore, according to US 6,117,227 asphalt and flux
o0il are used, but only in the cold process, where flux oil
is intended to penetrate and swell the aggregate envelope
from old binder expressly in the cold phase in order to

guarantee the bond during compression.

On the other hand US 6,159,279 relates to the double
enclosing of limited proportions of recycling asphalt in

mixtures with a very hard binder.

The circle of different development directions from the
state of the art to be considered is <closed with US
2004/01/0146351 Al in which a repair material is proposed

which also comprises a binder with recycling asphalt.

An overall view of the analysed state of the art shows
that the complex and newly summarised set of problems

already discussed, such as



3. the degree of heating of the asphalt granulate limited to 140 C associated
with the re-use of recycling asphalts_and the manufacture of hot asphalt
aggregates has not yet been solved in terms of inner, hitherto concealed

f?'at'O_DEQ'P%té%%@@s%‘fa“%P&é@‘ime”@&eﬁ%f%@m%@%é’f Hetumen in
invention, in terms of its approach, in the re-use of recycling asphalts and the
manufdefurestYRdtiasphaftitgtégates, is - to compensate for the ageing of
the bitumen in the recycling asphalt by adding a new regenerating agent, - to
create the conditions for ensurin%that almost every recycling asphalt can be

used M&eRPARG Fedipeof ASPhaltatitfrégatesiiéaingicdtises binger e

coursgs and{er kase-gourses, anek pio)maintain the limited degree of heating
of the asphalt granulate without additional technical expenditure. Here the

process should take place in an environmentally friendly manner with
Fonventienalqlants @anddhe rateof 18y re-use ot recyclingpasphaltsdr thenlate
manufacture of hot aSé)hglt aggregates will be increased and material
previoh%@lr%?l?seto? such as‘minerals and binder/bitumen, saved. As already
mentioned, road pavements or other pavements of asphalt represent high
Suality building maerials which have been guality monitared bath internally ,
and externally 'In terms of their composition and instafation:. A road to
manufacture of hot asphalt aggregates has not yet Dbeen
solved in terms of inner, hitherto concealed

relationships.
Representation of the invention

The new object of the invention, in terms of its approach,
in the re-use of recycling asphalts and the manufacture of

hot asphalt aggregates, is

- to compensate for the ageing of the bitumen in the

recycling asphalt by adding a new regenerating agent,

- to create the conditions for ensuring that almost every
recycling asphalt can be used in every new recipe of
asphalt aggregates in wearing courses, binder courses

and/or base courses, and

- to maintain the limited degree of heating of the asphalt

granulate without additional technical expenditure.

Here the process should take place in an environmentally

friendly manner with conventional plants and the rate of



be extended therefore represents a valuable resource whose re-use will
always help save raw materials. The fgjJlowing economic and ecological
objective must therefore be achieved: the higher the proportion of re-used

Jecyeling asphal he gonyegad, the higherwill be the pateptidle fotL e hot

saving raw materials. In assessing the proportion of recycling asphalt that
" bé re-usety IR degree of hardeniR§ of the biaRRTthat28ccursthiectol 21

Ageing, nwist, be-carglully considared and, ;evaluated, among other thingsumen),
According to the invention the object established is achieved with the

$e¥feffes of Claims 1 to 21. The invention relates first of all to the measure of
setting the degree of hardness of the bitumen in the recycling asphalt,
increased by ageing, with a plasticiser in order to obtain any desired property
75t dRgF& St HERinESE S8 uitdisie PlaRtESERhEIUgE, for BRanphe Hixbils, oF
Asmabtained froay wiaste wilg dertying frem theuprogessingnof eAgiepr which
industrial oils from Workshogs and filling - 9 stations. These oils are obtained

Yor cRide oifs 4nd nay " fHetéfore Be Tik8d AfAmWitnout problefm ity a1y

shitumeras a fesidee of petiplesntdistilladion. Yegetablesa@ilscor fritoilsccotild o
also be used, as %ould soft bitumen or flgx bitumeT, not otherwise
d, theref va I

which is
i R ARG angn, ERERTSYE g mUBNESD e BAhaE " Rose
aeeordingvtol Claiiwb sombined iseds nadenod aesystem of alptasticiseowing
economic and ecological objective must therefore Dbe
achieved: the higher the proportion of re-used recycling

asphalt can be converted, the higher will be the potential

for saving raw materials.

In assessing the proportion of recycling asphalt that can
be re-used, the degree of hardening of the bitumen that
occurs due to ageing must be carefully considered and

evaluated, among other things.

According to the invention the object established 1is

achieved with the features of Claims 1 to 21.

The 1invention relates first of all to the measure of
setting the degree of hardness of the bitumen in the
recycling asphalt, increased by ageing, with a plasticiser
in order to obtain any desired property of degrees of

hardness.

Suitable plasticisers include, for example, flux oils,
also obtained from waste oils deriving from the processing

of engine or industrial oils from workshops and filling



- as described above - and a hardener - as explained below. This
plasticiser-hardener system is added tg a_ suitable mixture with recycling
asphalts, primarily in the warm phase of the mixture. In order to attain the

Jequired, instajiation temperature  ynder envisonmeptally figndly;candifions, 5y,
an FT paraffin (SASOBITE(r) is therefore added as hardener, in the warm
PHse L for examphe; 16 the eeryeling ASehdt Famdiare ol pfodetttense as a

#Billed), copwined wihdhe flux oil; fof .example, as plasticiser. The
installations that would otherwise be required when using recycling asphalts

may therefore be surprisingly reduced from the beginning by at least 30 C,

V&g froms 140G, far example o the 14Q Gtobemaintaiped gre imited dwing 4
the heating of recyclind% asphalts. From the_start, therefore, a higher,

$empeRatirEi8hob &t dif Yéquired Wien pradticihgtiie Miktur: MGrébver, 18ed

is maden of the-effiectwhereby: asphaltenes and chemical products in the
bitumen, which are also formed during the ageing of bitumen in the asphalt,

react extremely well with the FT paraffin (SASOBITE(r)). - 10 The
Bubstances specifietkherefemntheqlastisiserbardener system ate givehnas to

amnpl(-isz accorginrg tg Claims 7 and 8. In_principle, accorc%in%to laim.4,.
i?gl combire use.%s %a e o#)a g%tem ©) asticiser
ese substances may consist’of high boiling suistances or substarnce
preparatiens-thabace lighidvat roomaenmperativey dande mixedwith bitlaiensd
%"%&?Xﬁﬁﬁ'ﬁ%h ROt (CQC) af over, 120 G, as plasticisers, and a material
suitable mixture with recycling asphalts, primarily in the

warm phase of the mixture.

In order to attain the required installation temperature
under environmentally friendly conditions, an FT paraffin
(SASOBITE® is therefore added as hardener, 1in the warm
phase, for example, to the recycling asphalt (granulate or
product to be milled), combined with the flux oil, for

example, as plasticiser.

The installations that would otherwise be required when
using recycling asphalts may therefore be surprisingly
reduced from the beginning by at least 30° C, i.e. from
170° C, for example, to the 140° C to be maintained or
limited during the heating of recycling asphalts. From the
start, therefore, a higher temperature i1is not at all
required when producing the mixture. Moreover, use 1s made
of the effect whereby asphaltenes and chemical products in
the Dbitumen, which are also formed during the ageing of
bitumen in the asphalt, react extremely well with the FT
paraffin (SASOBITE®) .



flowable in the useful temperature range of asphalt, is elastic and resistant to
brittle, can be used as hardener. In afgrther material form of the plasticisers,
higher boiling petroleum fractions, such as lubricant base oils, by-products

of lubricating oil manufacture, liquid products produced in the processing of
waste oils, native products such as fats and oils or chemically modified fats
Broils wpregeable Giatimal BfgiRSsGchtas fatlyadid MiéthyLester spaganer

Juixturgs of su §_€?15t§@0%§4zm@19§ lé%%ﬂ@ﬁd@at@éia&@%%f theang s.
hardeners synthetically produced paraffin waxes or waxes separated from
petroleum, fossil waxes which are obtained from coals, recent waxes of

Megetable-ararimakeriginghigh-meltingifatsangd, preducis nmamsfasted may
from them by chemical modification with a wax-like character, such as esters
HHddriides, Fynthetically protfilicktiEsters AP SAidESwith Wax-liKg P stance
frepertigs i thesmeplasticpalymeargwith aslowrvean taalpewlat mass, stgh ase
olyolefins, particularly polyethylenes, polyethylene copolymers such as

Kyiene vty SeetiEe Copdlimerd Bhd BthyieA& propyteie {GHGIyméars, °ver
Iphenol-tgrmaldehyde resins, adipbatic,ankl aromaticaancamixecthhydrocarbarot
sins_such as styrol- indene resins, recent resins such as caollophoniu .
{EEREELR thiir A oA E PO Ta e oo A0ghediol AAFROLE, s
gentadrythrolesters] smaynite tisedbas thé bardenerA furctivnaly cembiest: .

multiple effect, in the sense of a combined effect, is therefore achieved: A
plasticiser is
In a further material form of the plasticisers, higher

boiling petroleum fractions, such as lubricant base oils,
by-products of lubricating oil manufacture, liquid
products produced in the processing of waste oils, native
products such as fats and oils or chemically modified fats
or oils of vegetable or animal origin, such as fatty acid
methyl ester or even mixtures of such substances, may be

used.

In a material form of the hardeners synthetically produced
paraffin waxes or waxes separated from petroleum, fossil
waxes which are obtained from coals, recent waxes of
vegetable or animal origin, high-melting fats and products
manufactured from them by chemical modification with a
wax—-like character, such as esters and amides,
synthetically produced esters and amides with wax-like
properties, thermoplastic polymers with a low mean
molecular mass, such as polyolefins, particularly
polyethylenes, polyethylene copolymers such as ethylene-
vinyl acetate copolymers and ethylene-propylene

copolymers, phenol-formaldehyde resins, aliphatic,



obtained with the oil components and a hardener is obtained with the FT
paraffin (SASOBIT(r)), for example_ This therefore creates the conditions for
being able to set the desired property of the asphalts by suitable dosing of

4he components;plasticisgr and hardeney, interacing as a systeMs  seyrol-

Surprisingly it is also possible, even according to Claim 3, to use exclusively
eeyaling Tasphat withBGERéw RiteraPsubdtances arftférl Rgonium resins

dinder/hitumen. Theiadditives thafare abvigusly Jnecessarynsugh a%@&ﬂ@érol
additives, are excluded from this. The asphalts that are manufactured thus

B reBdihG ek Qi as HaE SsudtPdls REphaEdgGreghhs, RandGardrally

be better compressed and are much more resistant to traffic loads, due to

the combined action of the said components. The recently combined system
of plasticiser and hardener, therefore consisting of components with
Antrinsically rdifferentagtionsutsuppering eachcother intheincactionandor a
combining in the aggregate to produce a uniform effect that achieves the

PrEGtaTRingd Tbict in'd comipleX HMaRinétRHGWS the dse ot aPfehSt fiigher S

quwepartieas of ireayclingeaspbalt upderthe maxtraumsarount oftreeylingr 12i s
s oy compailo peveds ot lr o T achie o gt
TEntswithhieprdvecd: technicat properiestordhe apphedfasphaltlayersasich to
8s5.0n grphalt roads or othier asphalt paYeMENIS. s ohalts by suitable
dosing of the components plasticiser and hardener
interacting as a system. Surprisingly it is also possible,
even according to Claim 3, to use exclusively recycling
asphalt without new mineral substances and/or new
binder/bitumen. The additives that are obviously

necessary, such as other additives, are excluded from

this.

The asphalts that are manufactured thus by re-using
recycling asphalts, such as asphalt aggregates, can
generally be better compressed and are much more resistant
to traffic loads, due to the combined action of the said

components.

The recently combined system of plasticiser and hardener,
therefore consisting of components with intrinsically
different actions but supporting each other in their
action and combining in the aggregate to produce a uniform
effect that achieves the predetermined object in a complex
manner, allows the use of at least higher proportions of

recycling asphalt up to the maximum amount of recycling



It has been found, in various test series, that the first component, the
plasticiser, acts as a means of refreshing _the bitumen contained in the
recycling asphalt in the sense of reducing ageing, and replaces lost maltene

Arppartions due fo evapgrationand chemical ageing,, Fhe oy temperature ry,
behaviour of the bitumen’, impaired by ageing, is improved by these

ROMPCHERES and e BRBritiEREALCauSEEBREGEIRg i§ FduddE Thecsdid be

dirst.campopeptmay therefate.generally s ag disclaged-akove : CANSIstOf oved
substances or substance preparations which are liquid at room temperature,
e RigRDbilNG Wi rhiseibld Rith bitmeRPandRar R fash pointqeDc)vich

averd 20 Hralieadydanownas Hux o, higher boilingeetralewn fractions, e.g.
lubricant base oils, by-products of lubricating oil manufactures, liquid
products produced in the processing of waste oils, but also native products

stchas fatsar oflserehemically redified &ais apdoils ©f vegetablerar first
animal origin, e.g. fatty acid methyl esters, may be used. Mixtures of such

SUBREINRS may dls& be Uskd THE secdiid catipshehit of the Tonbined S 19
tqystem; thenkardenent isiaateansiwhickefirstydmpraves thesptocessingnof the

the recycling asphalt in the asphalt mixing plant by reducing the viscosity of
L SEphall mi P ShAbecadn " HoredSa thé TRy Thd defGimatir: ore

stalpibity tof dhes - I31asphalt eoarsesgproducednAs alreadycstated,dhisseconthe

J%%"P 2%% '%é@%rreféor%%%glfasgﬁra”do fesisiant tg britle, material that 5.0pt 1,
owable ih the useful temperajture

ageing, is improved by these components and the

embrittlement caused by ageing is reduced.

The said first component may therefore generally - as
disclosed above - consist of substances or substance
preparations which are 1liquid at room temperature, are
high boiling and miscible with bitumen, and have a flash
point (COC) of over 120° C. Already known as flux oil,
higher boiling petroleum fractions, e.g. lubricant base
oils, by-products of lubricating oil manufactures, 1liquid
products produced in the processing of waste oils, but
also native products such as fats or oils or chemically
modified fats and oils of vegetable or animal origin, e.g.
fatty acid methyl esters, may be used. Mixtures of such

substances may also be used.

The second component of the combined system, the hardener,
is a means which firstly improves the processing of the
recycling asphalt in the asphalt mixing plant by reducing
the wviscosity of the asphalt mixture, and secondly

increases the rigidity and deformation stability of the



range of asphalt. In the temperature range of the manufacture and
processing of asphalt this componentis present in the liquid state, is readily
miscible with bitumen and has a viscosity which is lower than or at least as

Qigh as the viseasity of typigalhjtuminous pinders atthesame temperatuee, g
As already mentioned, synthetically manufactured paraffin waxes or paraffin

WEBRR SEparated From pefrbRunt f63sHS aked WhicHareSdistaineiFra 1ttt Le
eoels: fanexample, recent, waxes,ohyegetable ananimal origin, Righelingrc
fats and products manufactured from them by chemical modification of a
KGRk Eharaktst1é.g. esters and amides, synthetically manufactured

esters and amides with wax-like properties, thermoplastic polymers with a

low mean molecular mass, such as polyolefins, particularly polyethylenes,
PolyetfylEREREPEIyHIETs 547 &s %Eﬁe%%-%?ﬂﬁé&ﬁ% BopdlymBr&fE S 19
cthyleperprapytenes cepalymess, phepsolfogpaldehyde rasins) aiphaticstate,
aromatic and mixed hydrocarbon resins such as styrol- indene resins, recent
T8sih§ $uEn s tofiGphomufrelingd® AT teif irermically mbtfedariants: - cF
istich asiglycernbhrand pendaerytbeot €stats, mayibe gsedtasstheseecord ty of
component in addition to FT paraffin (SASOBIT(r)). In addjtion to softer type
B Fon, S AU S il 5 b e, debendiAg on e RGEE oS- e
diardening, which iisrgeherallyydetermined bysthe ringanadalk@i+ B)araffin
39ftening point and alsq by, the penetration, This s . 14 achieved muchymore |
easﬁy with fluX GilS i order to

waxes which are obtained from coals, for example, recent
waxes of vegetable or animal origin, high-melting fats and
products manufactured from them by chemical modification
of a wax—like character, e.qg. esters and amides,
synthetically manufactured esters and amides with wax-like
properties, thermoplastic polymers with a low mean
molecular mass, such as polyolefins, particularly
polyethylenes, polyethylene copolymers such as ethylene-
vinyl acetate copolymers and ethylene-propylene
copolymers, phenol-formaldehyde resins, aliphatic,
aromatic and mixed hydrocarbon resins such as styrol-
indene resins, recent resins such as collophonium resins
and their chemically modified wvariants such as glycerol
and pentaerythrol esters, may Dbe used as the second

component in addition to FT paraffin (SASOBIT®).

In addition to softer types of bitumen, flux bitumen will
also be used, depending on the degree of hardening, which
is generally determined by the ring and ball (R + B)

softening point and also by the penetration. This is



reverse the degree of hardness that occurs. The knowledge that waste oils
deriving from the motor sector, which,generally have flash points > 200 C
and frequently contain a not inconsiderable proportion of synthetic

£ompenentsarepartigularlysuitaple is, expausted, Suchisynthgtic glls are
also obtained in the Fischer Tropsch synthesis. Here sufficient oil will be
HRIGREI0 dithie BTSN Be Fetyehss Asphatussfter nsure that the R + B
softening point of the required fresh binder is obtained. The following relation

will therefore apply: 1 GT (part by weight) of flux oil, related to the total
Bifde KPrOpbRIBH retiiéés thHe R-F B SofteningCpoint BFthe Fédultant indtt 0T

dyck € Thefollewingavas-caleylated as an examples 100 M% regyelingc  and
asphalt with a binder proportion of 4.8 M% with an R + B of 62 will be set to
FRUCB 0 Y52 €01ESuiting th 62 ¢ - 5PEABV'E TEAICifig Potétital: = 28 GRT
Of flux oil 110 GR ehflwneih0£4.8 M bitumen-& (:48%flux oil Srarexample, is
48 kg of aged bitumen are contained in 1,000 kg of recycling asphalt with a
HirdorPToRortioh of 4. K 10GT of 48 kg is Bual 1 28 KiForfuResil - Lhe

M ithoutr furtheradditives £1004s8 kg ofHeaetivahle aggitegate wauld bell be
Lbiained. S 12, Pargliel drume nave so far proved squsfacton a8 Jevices.y o
ensure that the R + B softening point of the required
fresh binder is obtained. The following relation will

therefore apply:

1 GT (part by weight) of flux o0il, related to the
total binder proportion, reduces the R + B softening

point of the resultant binder by 1° C.

The following was calculated as an example:
100 M% recycling asphalt with a binder proportion of
4.8 M$ with an R + B of 62° will be set to an R + B of
52° C, resulting in
62° C
- 52° C
10° C reducing potential: = 10 GR of flux oil
10 GR of flux o0il of 4.8 M% bitumen = 0.48% flux oil

For example, 48 kg of aged bitumen are contained in 1,000
kg of recycling asphalt with a binder proportion of 4.8 M
%. 10 GT of 48 kg is equal to 4.8 kg of flux oil. Without
further additives 1,004.8 kg of reactivable aggregate would
be obtained.



for heating the recycled cut product or asphalt granulate. With these drums
the recycling asphalts are sparingly. heated and are heated to approx. 135C
with limitation of emissions. The quantities added are generally limited to 80

plYkQ because the ney.agoregate éﬁfmngx)’é'H‘ the dresh, mingral substances.

heated to a higher temperature, which are also limited, and installation

g atutes of 51 65ECtaR BE athlevBd OFRE builfing Ridteridls eoarioiiy e -

whe Hnstalled and;cqmpressgd prPQ%E}%?Z-Hmfsea@ﬁ}[%ﬁ%té"e%rghe§%§ﬂhﬂgly
temperatures are now not required at all, accordln%ato the invention until,
heahBihed fithdhe ﬁﬁﬁfﬁéértﬁijxadﬂp?&%xame nﬂ%plséﬁﬂlﬁ%&@ﬁ] of

cWax of siuilarsubstancersuchas SASQBITEL) areadded as hardener: Theo

mstallatlon temperatures can then be reduced by > 30 C. On the one hand

Musé h&S 684 fnadé of thE Yact GBEGHINTG o the MvEAfonthafflukBg fresh
mbitnen types fraya ans Mpevedd conpressiondiehavioungdting instgllation ch
|n asphalts _manufactured with them. On the other hand the combined effect

achieved actordifg tohe |ﬁ\?€‘nttiao]n]\ﬁﬁér%%y ot SUBStHNTes Cuxoil'&md ©
caasobjts) carcedraplementeach oiher dnitheireffect as assystermlaf plasticjserme
er. Almost an de%{red de (%ree of har ess of the asgh%lt can be

reia%% se{lbyr%ﬁe pfralr%F iGi§sr and hafdener” systemeﬁere 06 T material

addition of 36 of the total binder is generally required to maintain the effect of
1fhe, plastiiser op he ope:hand.and he sypporting efectof, fhe hardgner.on,
according to the invention until, combined with the
plasticiser, flux o0il, for example, and a Fischer Tropsch

wax or similar substance such as SASOBITE®, are added as

hardener.

The installation temperatures can then be reduced by > 30°

C.

On the one hand use has been made of the fact, according to
the invention, that fluxed bitumen types have an improved
compression Dbehaviour during installation in asphalts
manufactured with them. On the other hand the combined
effect is achieved according to the invention whereby both
substances (flux o0il and sasobit) can complement each other
in their effect as a system of plasticiser and hardener.
Almost any desired degree of hardness of the asphalt can be
reliably set by the “plasticiser and hardener” system. Here
too the material addition of 3% of the total binder is
generally required to maintain the effect of the
plasticiser on the one hand and the supporting effect of

the hardener on the other.



- 16 The advantages of the invention are therefore demonstrated in that -
the resource recycling asphalt is becomes fully usable, - regional recipes can
be regenerated and are generally re-usable, - the movement of bulk goods is
reduced, - considerable savings to the national economy become possible
with almost 100% re-use of the recycling asphalts, and - mixing units can be
Taesigred rore Sinply. THEinvenioH thefeforesoEs thegidblepfnstrated
1 Brevigusly and the technical object established outlined surprisingly easily.
The invention is described hereafter in an exemplary embodiment with
reference to drawings. Brief description of the drawings In the drawings Fig.

1 s_hoyg%g flowcdiggram Wiﬂf‘e_@@’&tl canfiguration from q@taingggcme-sﬂ fully
recycling asphalt and producing the granulate, through testing the granulate

in the BA&Ys$R- laboratory and heating the granulate and its weighing,
followed by the addition of the combined system of plasticiser and hardener,

to mixing of the new asphalt aggregate and its loading, and finally its
installatfshr& e recipes can be regenerated and are generally

re—-usable,
- the movement of bulk goods is reduced,

- considerable savings to the national economy become
possible with almost 100% re-use of the recycling

asphalts, and
- mixing units can be designed more simply.
The invention therefore solves the problems previously and
the technical object established outlined surprisingly

easily.

The invention is described hereafter in an exemplary

embodiment with reference to drawings.
Brief description of the drawings
In the drawings

Fig. 1 shows a flow diagram with plant

configuration from obtaining the



construction site, Fig. 2 shows the examined graphical representation of the
development of the Marshall stability and flow value using the system of
plasticiser and hardener according to the invention, Fig. 3 shows the

examined graphigah epsessatatian..of fedeyelopment of densivgpyplume.,

using the system of plasticiser and hardener according to the system, and
Fig. 4 shows“the@kaminedYraphical Fépresentatibnt 6f tHelcabifp analysis

development ysing the system af plasicisgrand hardeperpecording tasthe; +
invention. Best way of implementing the invention According to Fig. 1 a plant

configuratio’Rrépre¥éntedt&y hostddmalied fiG\F diagfishh FdSprisidg - the

denoted by L dhe ohtaining of the reeyching asphalt dy meansiof eyttingat +o
the point of extension of an asphalt road to be extended, - 18 a screen

system 2, to'Whicf'the &t recy8ling' 88ph a8 feldFto §G8ERTRE Feqiirst &5
grain sizes of thel grgnulatesa crushigisystems3 asseeiatedawithhscregn  the
system 2, in which oversizes of the recycling asphalt and/or over-grain sizes
are reduced &2 UsaBie pidte 3i7e7 then fed to the screen system for
screening, an analysis laboratory 4 for examining the

Fig. 2 shows the examined graphical representation
of the development of the
Marshall stability and flow wvalue using the
system of plasticiser and hardener according to

the invention,

Fig. 3 shows the examined graphical representation
of the development of density by
volume using the system of ©plasticiser and

hardener according to the system, and

Fig. 4 shows the examined graphical representation
of the cavity development using
the system of plasticiser and hardener according

to the invention.
Best way of implementing the invention

According to Fig. 1 a plant configuration is represented as

a schematised flow diagram, comprising

- denoted by 1, the obtaining of the recycling asphalt
by means of cutting at the point of

extension of an asphalt road to be extended,



properties, such as total binder proportion (bitumen) and the degree of
hardness of its granulate, setting valugs for the additions of the
plasticiser-hardener system and/or determination and/or control of the
technological theoretical/actual values, if necessary using a computer aided
program which provides the functions of recording, checking and if
necessaryceeeectifigthenechnoloyicdl pararmbters fronrthey edcyeting sphalt

asphalt obtained and/ar pragessed, an ,analysis of the processed granyate, 1.
for setting the individual technological parameters and/or checking the

actual ¥apigs!éttgined, a drum device 5, e.g. also arranged as so-called
parallel drums, for heating the processed granulate, with subsequent
weighing, denoted by 6, of the heated granulate, a mixing plant 11 for
manufactofing e dsphait aggregaestobeinsthlled tih witigleen9 syrten 2,

heated gndweighed,granulate and, the plasticiser-bardenersystem’, 8nd/or

after its weighing, denoted by 9, 10 are mixed according to the _
predete¥ifiiedr techndlogical vdlted, WaGsstdiRateAoadiAG tHeviee 425 suet e

as a silo,dar feading the,asphaltaggregate-and installing.theisame on a

construction site. In designing and further developing the technological
implementation of the invention, it is conceivable for the

- an analysis laboratory 4 for examining the
properties, such as total binder proportion (bitumen)
and the degree of hardness of its granulate, setting
values for the additions of the plasticiser—-hardener
system and/or determination and/or control of the
technological theoretical/actual values, if necessary
using a computer aided program which provides the
functions of recording, checking and 1f necessary
correcting the technological parameters from the
recycling asphalt obtained and/or processed, an
analysis of the processed granulate for setting the
individual technological parameters and/or checking

the actual values obtained,

- a drum device 5, e.g. also arranged as so-called
parallel drums, for heating the processed granulate,
with subsequent weighing, denoted by 6, of the heated

granulate,

- a mixing plant 11 for manufacturing the asphalt

aggregate to be installed, in which



technological process to be carried out according to items 1 to 13 of the flow
diagram in Fig. 1 in a matched logistic; ¢hain that takes into consideration the
process stages according to Claim 20. Moreover, the concept of replacing

an asphalt road or other asphalt pavement to be extended by the newly to be
install%d écshp%a tefg%$§ggt%,gaggograﬁ\%%ogﬁaenéga )T(oegigt?cgchain whilst
maintaining the existing dine-er-nealpeosition,affsetin time osly bypther its
required technological process of manufacturing the new asphalt aggregate,
may also ‘l%%liﬁq}bjrégrﬁéntg%lr{8tiﬁg oBﬁm%‘m géjgree. The core concept of the
invention, the combined use of a system of a plasticiser and a hardener,
which <1}15]?%dded tQ };[QS correésgoggi&gnmixturecvc\)/ith re%cling as heaétgtg%% Qee q
implemented to the optimum fegree, i6. without new device ,rby means of
this plartcdonfigurationlcornsisting ,of conventional individual devices. In
principle Fig. 1 shows the addition of the system of plasticiser and hardener

in the warm phase according to - 20 Claim 2. Within the meaning of Claims

12; 13z 14anddbithet said systemy carebé @eldéd to theanixture 40 bélo, for
produced even befare heating (e.g. after the analysis of the.granulate in the
Clo% n ;_Cihj) Ejsn%ahagé gggorned?ate aé‘l%_s ll’ls_;:;ctﬁlglln)? %‘E‘he same

I
analysis orato er corre ng conditions of the recycling
asphaltrand aftersa detdiledranalysis of its constituents it is possible to
manufacture the new asphalt mixture according to Claim 3 without the
addition of new minerals. As already stated in the explanation of the

TimveAtion, The ngystemdf pfasticiser anddiaedemdmare geperallyechnological

implementation of the invention, it is conceivable for the
technological process to be carried out according to items
1 to 13 of the flow diagram in Fig. 1 in a matched logistic
chain that takes into consideration the process stages
according to Claim 20. Moreover, the concept of replacing
an asphalt road or other asphalt pavement to be extended by
the newly to be installed asphalt aggregate, according to
the said logistic chain whilst maintaining the existing
line or local position, offset in time only by the required
technological process of manufacturing the new asphalt

aggregate, may also be implemented to the optimum degree.

The core concept of the invention, the combined use of a
system of a plasticiser and a hardener, which is added to
the corresponding mixture with recycling asphalts, can be
implemented to the optimum degree, i.e. without new
devices, by means of this plant configuration consisting of

conventional individual devices.

In principle Fig. 1 shows the addition of the system of

plasticiser and hardener 1in the warm phase according to



characterised by the features according to Claim 4, the plasticiser being
determined in more detail according tg (the features of Claim 5, and the
hardener being determined in more detail according to the features of Claim

c&-2neafically.and,preferably, a flix ollaceording to Llaim 7 is usedas the, o
plasticiser, and an FT paraffin SASOBITE(r) according to Claim 8 is used as

sthechardeRer Atebrdifg Btelfspréseritaforragtorihg™e the imvettisRcdheven
ploHgwing.e@ample demenstrates anappligation afithesinveptionfalnyiate in
commercial and/or industrial use within the framework of an examination
ChEcctBmbMe the HRMEIBATHe fecycling asphalt granulate processed for
manufacturing the new asphalt aggregate is set as 100 M o recycling
sphalt. It was evaluated with an analysed binder/bitumen proportion of 4.8

a
URFhis Tads 1he BtieAbRGREN T proporion, Has & §6éning poftit Rikadrdirfy
atorRr+ Bof 62e €z whieh isdadesetdo 52fC. This resudissinia-udhdifferencei s
of 10 C as the so-called reducing potential, which is equivalent to 10 GT of,
PRCS 0 GT (PH Y elGi) of i B¢ A BV  biRAEEIRmeH oo -7
ttherefotenresulis im arequitementiof-0.48 % fflueail. mbhe=tedation was
assumed that 1 GT of flux oil, related to the total binder/bitumen proportion,
reduces the softening point according to R + B of the resultant
Abinder/kituimers byt £0l Ciin 1000&kegdfaeeyding asphalh processed fanreusée

sg"/% Jc( ngf (agj_g d) béqdaes[‘ 4:b1j.t<l:'l En seenrare @r?cﬁefor% g£ec§eenn é irn a are generally
characterised by the features according to Claim 4, the
plasticiser being determined in more detail according to
the features of Claim 5, and the hardener being determined

in more detail according to the features of Claim 6.

Specifically and preferably, a flux oil according to Claim
7 is used as the plasticiser, and an FT paraffin SASOBITE®

according to Claim 8 is used as the hardener.

According the representation according to the invention,
the following example demonstrates an application of the
invention for commercial and/or industrial use within the

framework of an examination according to the invention:

The recycling asphalt granulate processed for manufacturing
the new asphalt aggregate is set as 100 M % recycling
asphalt. It was evaluated with an analysed binder/bitumen
proportion of 4.8 M %. This mass, the binder/bitumen
proportion, has a softening point according to R + B of 62°

C, which 1s to be set to 52° (C. This results in a



binder/bitumen proportion of 4.8 M o, which, after calculating 10 GT of 48 kg,
gives a requirement of 4.8 kg of flux gikfram the mass of 1,000 kg of
recycling asphalt. Accordingly 1,004.8 kg of aggregate would be obtained,

awhieb.in this cage casresponds tq full re-use of ey recysling AsPHalk ent 1 a1,

Assuming that no new minerals have to be added to the aggregate then
wiesghivatedeafieva Sarable Oqudlitativecand udntiative analysis of the
recycling asphalt, the masses of recycling asphalts may therefore be fully

used adding the plasticiser to masses of new asphalt aggregates, whilst .
18avirif the$SB HeW mineYals WFriS patt of plastiéiser withithe effect gfthe M 5

pradusediseftening paint ot the-plasticisershardeper-systemeacearding to the =
invention, is now combined with the part of hardener so that with the FT

fﬁéﬂféfﬁ’rﬁjsuch as SASOBITE(r), as hardener, 3%, i.e. in this case 1.44 kg of
all the binder/bitumen, is added to the granulate. - 22 The development
results obtained using the plasticize- hardener s(g/stem according to the

Tihvenfior? i LSt -1R& Wibroved Marshif stabilify 4/d fidw vahfe 2H5e &°
tdensitytylvotume coyresponding to te-standard valiesandtibe reditceding

cavity, also conforming tqQ the standard values, are represented in graphs in
PR 2 36 4h e ‘boriesboncing HimeRSiohe A vAlues 1193 CHOWGTRE P
1development line of the Marshall stability and flow value of the new asphalt
aggregate

In 1,000 kg of recycling asphalt processed for reuse 48 kg
of (aged) binder/bitumen are therefore present 1in a
binder/bitumen proportion of 4.8 M %, which, after

calculating 10 GT of 48 kg, gives a requirement of 4.8 kg
of flux oil from the mass of 1,000 kg of recycling asphalt.

Accordingly 1,004.8 kg of aggregate would be obtained,
which 1in this case corresponds to full re-use of the
recycling asphalt. Assuming that no new minerals have to be
added to the aggregate then reactivated, after a suitable
qualitative and gquantitative analysis of the recycling
asphalt, the masses of recycling asphalts may therefore be
fully used adding the plasticiser to masses of new asphalt

aggregates, whilst saving these new minerals.

This part of plasticiser, with the effect of the reduced
softening point of the plasticiser—-hardener system
according to the invention, is now combined with the part
of hardener so that with the FT paraffin, such as
SASOBITE®, as hardener, 3% , i.e. in this case 1.44 kg of

all the binder/bitumen, is added to the granulate.



manufactured from the granulated recycling asphalt with the
plasticiser-hardener system accordingto the invention. Marshall test
specimens (MPK) to DIN 1996, Part 11 served as the object of detection.
The following were taken as a basis as reference mixtures of prior art: 1.
100% granulated recycling asphalt was processed with an established

T86ttefiRy PORtBE the birtier/bitEme prépdifionadetiding e R BS668.22 -
hGriwedtospd QG- Thestahility valle iscl 2.2 <M, (denoted Ry +3.atd39:C. 2.

Minerals (rocks) extracted from recycling asphalt, i.e. the binder/bitumen
proportion was washed out, - 23 were processed with fresh bitumen of the

type 500, ithe,softeningpaiptaccording 1@ R+ Kheing 20,6 & 1Here the
stability value 10.9 KM (denoted by 0) is reached at 135 C. On the other

hand, according to the analysis aggregate manufactured according to the

inventionshgws ancevep, higher stability value 013, 3 KNcafter heating 0y, rg

only 120 C. This graph alone demonstrates the advantage of an optimised
energy fedifirendéift for the heating, thus no additional heating technologies
are necessary. Moreover, the useful value of the aggregate applied as a

road surface or other pavement is higher than previous installations. The
inventiohcalsoedetfsAstates, atcordingfto FRY P fHEng to the standard

values,

are represented 1in graphs in Figs. 2 to 4 in the

corresponding dimensions and values.

Fig. 2 shows the development 1line of the Marshall
stability and flow wvalue of the new asphalt aggregate
manufactured from the granulated recycling asphalt with
the plasticiser—-hardener system according to the

invention.

Marshall test specimens (MPK) to DIN 1996, Part 11 served
as the object of detection. The following were taken as a

basis as reference mixtures of prior art:

1. 100% granulated recycling asphalt was processed with
an established softening point of the binder/bitumen
proportion, according to R + B, of 68.4° C, fluxed to
51.6° C. The stability wvalue is 12.2 KN (denoted by
*) at 135° C.

2. Minerals (rocks) extracted from recycling asphalt,

i.e. the Dbinder/bitumen proportion was washed out,



the measured density by volume, at 2.4 with heating to 135 C, is practically
equal to the standard value of 2.4Q9 (denoted by *), the latter value being
taken as a basis as the target density to DIN 1996, Part 11 and as the

referepge JFinalylt nuist also e emphasised tigkthededustion of dbe cayity,

according to Fig. 4, measured according to the invention, corresponds to the

value B€ordifig R DN 1996, ParAdC(éhbted sy ) withia valiedf 299 6 byC -
vol. atyd 38 %Maéég%ﬂqgage'{}%rﬁ% been demonspratedthaiths, ©) is
invention can not only be used commercially, industrially - 24 and
econohfig&ie Hut hisbprovides, at least in part, higher useful properties of a
newly manufactured asphalt aggregate making full use of the resource
recycling asphalt. What is significant here is that under corresponding
conditions of the recycling asphalt and its qualitative and quantitative

@nalysis, nixingrtemperajuresaswel ag insallatien temperaiures frogr g4 e
can be achieved. Commercial apEIicabiIitg The invention can be integrated in
BAVERTOTH ProcEss bR an-Qsphat mixifty phant With HePESusedr SVen
neeyeling asphalt ang inthe weanvfactize ®f kot asphalt aggregaies withouthn 1 v
NEW, h%ating technologies having to be used or device extensions being

120°. :

required. - 25 - List of reference numbers

This graph alone demonstrates the advantage of an
optimised energy requirement for the heating, thus no
additional heating technologies are necessary. Moreover,
the wuseful wvalue of the aggregate applied as a road
surface or other pavement is higher than ©previous

installations.

The invention also demonstrates, according to Fig. 3, that
the measured density by wvolume, at 2.4 with heating to
135° C, 1is practically equal to the standard value of
2.409 (denoted by %), the latter value being taken as a
basis as the target density to DIN 1996, Part 11 and as

the reference.

Finally it must also be emphasised that the reduction of
the cavity according to Fig. 4, measured according to the
invention, corresponds to the value according to DIN 1996,
Part 11 (denoted by %) with a value of 2.9 % by vol. at
135° C.

It has therefore generally been demonstrated that the

invention can not only be used commercially, industrially



1 = Obtaining the recycling asphalt by cutting at the site of extension of an
asphalt road 2 = Screen system for regycled product 3 = Breaking plant for
the production of the granulate 4 = Examination of the granulate in the

analysis labgratom 3, = H@é@'ngaﬂﬂscg?y@}%&@,e drym device 65, part,
Weighing the heated granulate 7 = Addition of hardener 8 = Addition of

pladiRTseR 9 Pévidd fPVdighihg tHe plastigisély 103 Dévice Yoeweighinga 1t
dbe hardener 11.x Mixing plant forasphali aggregate 127 Loading devige; i ng

such as silo, for loading the asphalt aggregate 13 = Installation of the asphalt
é‘tj&te in an asphalt road GT = Parts by weight M o = 0 by weight R + B

= Ring and ball softening point MPK = Marshall test specimen * = Index for

reference value of prior art (in Figs. 2, 3 and 4) 0 = Index for reference value

Wﬂ?ﬁmrbﬁ 0ﬁ¢%§%§kgﬂ?§CL%ﬁﬁ% is that under corresponding

conditions of the recycling asphalt and its qualitative
and quantitative analysis, mixing temperatures as well as

installation temperatures from 60° C can be achieved.
Commercial applicability

The invention can be integrated in conventional process
flows 1in an asphalt mixing plant with the re-use of
recycling asphalt and in the manufacture of hot asphalt
aggregates without new heating technologies having to be

used or device extensions being required.



1. A method for reusing construction asphalt and for the production of asphalt

mixed goods by means of adding agepts for reducing the aging effect of

bitumen in the construction asphalt and limiting the heating degree of the
asphalt granuylate. wherein propartions of construction asphalt are utilized

almost completely in said production of new asphalt mixed goods, such as

asphalt warm or asphalt hot mixed goods, and the oxidation degree of the
Ipitumen in tRBedASHACoN EspHaRYS tedutetsS WetéintachuEsrsttuctibnt e

asphalt is utifizé®irPéadihéR TéEipe Cand the Hieafing of the asphalt

granulate is EQrfed out from approximately 120C, or the heating degree is

reduced to approximately 120C, and a combined system made up of a
2softeriing agehtsid'a Hard&Ting AehEis e cBiMpTSMG the process

steps in that a) the combined system made up of a softening agent and a
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7 = Addition of hardener

8 = Addition of plasticiser

9 = Device for weighing the plasticiser

10 = Device for weighing the hardener

11 = Mixing plant for asphalt aggregate

12 = Loading device, such as silo, for loading the

asphalt aggregate

13 = Installation of the asphalt aggregate in an
asphalt road

GT = Parts by weight

M % = % by weight

R + B = Ring and ball softening point

MPK = Marshall test specimen

* = Index for reference value of prior art (in Figs.
2, 3 and 4)

o = Index for reference value of prior art
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viscosity of the mixture is reduced, and which increased deformation stability
is influenced, d) a desired hardness of the_asphalt to be produced is set by
means of the system made up of the softening agent and the hardening
agent, wherein - initially the softenipg pejint of the bitumen in the added
construction asphalt is reduced to R + K, the mixed goods are subsequently
receives a higher stability value already during heating, and the density of
the produced mixed goods is finally increased, and e) an analysis of the
Loroce8s@tfgrarfilate fs assoeidted AP atTeastcre 6£8dId pfociss stes fore

poetermining ther technolagical tatget speecificaionsdon beating, waighindgent s
adding of the systems made up of a softening agent and a hardening agent,
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mixture is obtained using construction asphalt without any addition of new
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hand oils;catr chemieallyamadified oxidation degree of the bitumen in

the construction asphalt is reduced, wherein each
construction asphalt is wutilized in each new recipe, and
the heating of the asphalt granulate is carried out from
approximately 120°C, or the heating degree is reduced to
approximately 120°C, and a combined system made up of a
softening agent and a hardening agent is used, comprising

the process steps in that

a) the combined system made up of a softening agent and a
hardening agent of a respective mixture with construction
asphalts is added in the warm phase, which system mutually

acts in a viscosity reducing manner at that location,

b) agents or agent preparations that are liquid at room
temperature, high-boiling, and can be mixed with bitumen
are utilized as softening agents, such as flux oils, which
have a flashpoint (COC) of more than 120°C, and a material
that 1is non-flowable at a usable temperature range of
asphalt, ductile-elastic to springy hard is utilized as a

hardening agent,



fats or oils of plant or animal origin, such as fatty acid methyl ester, or even
mixtures of such agents are utilized. 4.7,The method according to one of the
claims 1 to 3, characterized in that paraffin waxes synthetically produced as

Ctr)]ardeggg; aaents or separated from crude gils fossilized owaxes gbtained « o«
r

om coal, recent waxes of plant or animal origin, high-melting fats and
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vW@édiEth“a@Ct%héu%i%&%%@fsﬁs@d Addessynthgtically iRioduced-c ased
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dﬁ§\ﬂﬁ@%tlbwlmé5ﬁ}ﬁﬂég%a§§, suth a8 BoRfbiefins, particularly
polyethylenes, polyethylene copolymers, such as ethylene vinyl acetate
copolymers, and ethylene propylene copolymers, phenol formaldehyde _
Yesing® dfipRatE ArdMatc i mMiked Fdr6cabon resis, SGchPaLStgBl 1S
skdens resins secent tesins syehmsfiasias, ahndotherchemicallygnodified gent
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paraffin are adeel, to each 1000 kg of construction asphalt processed for
reuse, which contreflins agedeindiné; gent/bitumeg ata de,tcelrmined bindin%
. — the mrxe 8go ;ia_ g.re supsequen Yy recelive
agent/bitumen proportion of 4.8M% = 4
higher stability wvalue already during heating,
and

- the density of the produced mixed goods 1is

finally increased, and

e) an analysis of the processed granulate 1is associated
with at least one of said process steps for determining the
technological target specifications for heating, weighing,
adding of the systems made up of a softening agent and a
hardening agent, and/or of the mixing components of the

asphalt mixed goods to be produced.

2. The method according to claim 1, characterized in that
the respective mixture is obtained wusing construction
asphalt without any addition of new minerals and/or new

binding agents/bitumen.

3. The method according to claims 1 or 2, characterized
in that high-boiling crude o0il fractions, such as lubricant
base o0ils, byproducts of the lubricant production, liquid

products resulting from the processing of used oils, native



kg. - 29 6. The method according to one of the claims 1 to 5, characterized
in that the produced asphalt mixed gogds .a) have a Marshall stability and a
flow value according to the curve illustrated in Fig. 2, wherein a value of

pi3ddN ds aligady obtained with ahieafing o 120C, whigh is.SIgRificantly £ e g
higher as opposed to the stability value of 12.2 KN for conventional standard
e Hobds havihg ReAstruGionasphal uling erly ofE Softefingaadenta6r d

m@e ApRosed to-thestabiliyvalue: of,1@.9 KN far, conyentional mixed,g99ds 4 .
having construction asphalt, in which the minerals have been extracted and
mixed with fresh bitumen, b) a bulk density according to the curve illustrated

4in Figr8ewheseinayvalue-of- 4gicms comparabte torfbe respegtivel to 3,
standard value of 2409 g/cm3 is obtained upon heating to 135C, and/or ¢)
CRAL AFADHAG Ak e bie o adcordihg t8 e ScﬁV&H%%ﬁéfe%li%YFi&rﬁiduced

awhpegia aniatue ab2.90vl-6r comparahledo the gonvanional standargsvalie ed
is obtained ypon heatir:ﬁgzto 135C. 7. The method according to one of the

"l 716 8, tharactelized by the L8E Bt a sYRIERT cotfighiration for the" ™31
oasphalt, mixedigondsiabe praducet compaisingtibe fodawingd ax acewiceérom
§“°hm%S a milling C“é’f?éé%m)cfé’{ obtaining consruction asphall, b) a screen, ;.
ystema(%f for’screening the require
character, such as esters and amides, synthetically
produced esters and amides having wax-like properties,
thermoplastic polymers having a low mean molar mass, such
as polyolefins, particularly polyethylenes, polyethylene
copolymers, such as ethylene vinyl acetate copolymers, and
ethylene propylene copolymers, phenol formaldehyde resins,
aliphatic, aromatic, and mixed hydrocarbon resins, such as
sterol indene resins, recent resins, such as rosins, and

the chemically modified wvariations thereof, such as

glycerol and pentaerythrol esters are used.

5. The method according to one of the claims 1 to 4,
characterized in that
a) approximately 4.8 kg softening agent, such as
flux oil, and
b) approximately 1.6 kg (normatively 3% of the
binding agent/bitumen proportion plus softening
agent, such as flux o0il) as the hardening agent,
such as FT paraffin
are added to each 1000 kg of construction asphalt processed
for reuse, which contains aged binding agent/bitumen at a

determined binding agent/bitumen proportion of 4.8 M% = 48

kg.



grain sizes from the construction asphalt, - 30 c) a drum unit (5) for heating

the construction asphalt, d) a mixer (31) for mixing the asphalt mixed goods,

and e) a loading unit for loading the asphalt mixed goods. 8. The method

according to one of the claims 1 to 7, characterized by the use of a unit as

an analytics laboratory (4). 9. The method according to one of the claims 1 to
68, chartelizéd By adsyistcsichaint eompisingthe 6llowir process seps: -
cahehliaiing a8d/of pregassindthesanstruetion Asphalt as;a.geanylatg for

reuse. b) Analysis of the processed granulate for determining the

techn8lbgical taf§et 3pelificatichsifor ietReating; wetghing2adding of tHelue

asystemsigadediprafa seftening agentsand acbardeningiagent angiee pethe o
mixing components of the asphalt mixed goods to be produced. e) optionally

Vihe“Gonfrdl of thelobfinetcuftéht 3akies BF the sshhdit Fixed gdGds- 19 to
1poducedydOchheimethadiaceardingttoone ofitherclaims bipd8ed to the
characterized by the use of a computer assisted program_ having the _
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goeplionally thes cotestian acedrdingsterdhe above process stepsra), Byftening
agent, or as opposed to the stability wvalue of 10.9 KN for
conventional mixed goods having construction asphalt, in
which the minerals have been extracted and mixed with fresh

bitumen,

b) a bulk density according to the curve illustrated
in Fig. 3, wherein a value of 2.4 g/cm’ comparable to the
respective standard value of 2409 g/cm3 is obtained upon

heating to 135°C, and/or

c) has a hollow space reduction according to the
curve illustrated in Fig. 4, wherein a wvalue of 2.9 vol-%
comparable to the conventional standard value 1is obtained

upon heating to 135°C.

7. The method according to one of the claims 1 to 6,
characterized by the use of a system configuration for the
asphalt mixed goods to be produced, comprising the
following:

a) a device, such as a milling cutter (1) for
obtaining construction asphalt,

b) a screen system (2) for screening the required

grain sizes from the construction asphalt,



and/or c).

_30_

c) a drum unit (5) for heating the construction
asphalt,

d) a mixer (11) for mixing the asphalt mixed goods,
and

e) a loading unit for loading the asphalt mixed
goods.
8. The method according to one of the claims 1 to 7,

characterized by the use of a unit as an analytics

laboratory (4).

9. The method according to one of the claims 1 to 8,
characterized by a logistics chain, comprising the
following process steps:

a) obtaining and/or processing the construction

asphalt as a granulate for reuse.

b) Analysis of the processed granulate for
determining the technological target
specifications for the heating, weighing, adding
of the systems made up of a softening agent and a
hardening agent, and/or of the mixing components
of the asphalt mixed goods to be produced.

e) optionally the control of the obtained current

values of the asphalt mixed goods produced.

10. The method according to one of the claims 1 to 20,
characterized by the use of a computer assisted program
having the functions of receiving the technological
parameters, the control thereof, and optionally the
correction according to the above process steps a), b),

and/or c).



