DESCRI PTI ON METHOD FOR RE- USI NG RECYCLI NG ASPHALTS AND THE PRODUCTI ON
OF ASPHALT AGGREGATE Technical field The invention relates to a

met hod for re-using recycling asphalt- gnd the production of new
asphalt aggregate, such as warmor hot asphalt aggregate using at

| east proportions of recycling asphaldzt-9hg added. Wthin the
meani ng of the invention recycling as E%alts are understood to refer

to all produgsydhatoang - %QEﬁ%?%ﬂgfggﬁGeiéﬁﬁkﬁTsQ%« Wetel BEoBhcTTON

crushi ng bitum nous pavi ngs products contain at

| east re-usable constituents &ff BSthakh &REGGEks and are processed
as granul ates for re-use, for exanple. Such nmethods for processing
recycling asphalt into granulates are disclosed in US 5, 626, 659 and
DE 44 07 822¢¢gidagr féxanpl e. What are neant in the invention by
asphal ts, including warm and hot asphalt aggregates, are al
aggregates which contain proportions of bitunmen and m neral
substances @md, infemetessasyqtdd |ters whibhdarferusedusmnpr eteyenos;

for exanple t.he i ) r far i catlon |n
asphal t hi ghv %1%ra%§hgqreaa§@§é4ct%%gvgﬁ By EenpRt o pfheTarg, Such
Recycling'asﬁﬁmﬂnmiq; @@mnanghahtrigﬁﬂa%9t3|gﬂlmgcandE%MmrbdmpdetUQtng

exi sting regpurges. iy BLLASHP! &, Aldoskial !

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 bitumen 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



recycling asphalts can be re-used, particularly for the manufacture
of new asphalt aggregate. Although the re-use requirenent, already
sanctioned nationally, is now being inplenented in the case of the
buil ding material asphalt, but certain needs to be inproved. Wth an
annual aSphﬁéﬂuﬁ&Q%tlo%q rpé(wai) h%t g; Bgtetoﬂﬂgﬁoﬁ C@ﬁ é(Juse
approx. 15 mll. tonnes of rec Ing a hal’t are current| y ng
re-used in @qmﬂ;ﬂenﬁom@ead&heﬁ@u@eedf egdypekbi hy, asphaiqw dmﬁlrd; be
Tt aner smdhBts, ae al s plLeAtG £1GY raviahons Ll Lhe. Lol uant
techni cal regulations and instruction sheets on uantitres o
recycling asphates-aaddedetlo hewaggmegaeds whi ch depend on the

condi ti on and honogeneity of the recycling asphalts. Limts are
initially set on the quantity added, these limts being dependent on
t he conditi@ntlof ataheamrecaﬂcl iaﬁghaspha:lrtosluandown qfheaplelcdsmi céIO mill.

possibiliti ?}YQ? hal t ,granyl,ates (nl) cessed
mat eri al flﬁ?s % % g % ?9 % l%‘l X1 lég pﬁcan °s §nce %):’ﬁcollng
bi nder s contspireld mr@sphaters‘;lxsuledmra;s betusren, iral Sermeydi skowadntkr,

becone brittle for |on erjods lain under t f|c nown, as agi ng),
provi si on h%lg a erela“? %egec%aglenqo (?ou%tger ac{ i & %lél g\g ]By bi ndi ng
suitabl e fresh bi tumen i n new aggregate. However, | imtations which
constitute the addition_of bi t.unen that is.one stage snofter are

i ndi cated in the ?E%hrau &3l GG At oS *f & THE 84ai 1 on Fresient
bi t unmen. Fumd:ireﬁmaarle degmilbsiane sehdv\henshemulmgl t hﬁ@s:pshaldn the

granul ates (e.g.. paral | el rums) clln sphalt is generally
heat ed to u%)uatrgC S fa 0 ¢ Y a1 oW 1 Sd)hfa St Hé egt %()Osprﬁeevfi gggregates
envi ronnentﬂhi@ondepeeds ovbregev etond heren maydbenhqicfrems ywi bh the
degree of purlt of the e Paust air on the flue of the mxing plant,
whose removal J“tngcﬁﬁ%%ﬁ V" expensive. |f approx. 50% by wei ght of
recycling asphalt were now to be added to the new aggregate, the new
m neral sub IarlT es woul d haviéto be heated wel| over 200 C. 01

this way cout™ the®fequited addr et e *Penpit afliPREbFY afpifiss:

180 C be achiremed.bdrihoidpdhe mddid iﬂl[b ofoc@icyicinl NgFE makéCMMglso

C is requi red f% heato{ ng the m neEl subst ances according to the

n the technical possibilities when heating

state of the’
the asphalt granulates (i.e. the processed material
finished for feeding intc the mixing plant). Since the
binders contained in asphalts, such as bitumen, also
oxidise and become brittle for long periods lain under
traffic (known as aging), provision has already been made
to counteract this aging 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. 1in parallel drums). Recycling asphalt is

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



At present three problens currently oppose the higher rate of re-use
of recycling asphalts: 1. The degree of oxidation (aging) of the
bitunen in the recycling asphalt. 2. -The-conposition(currently not
every recycling asphalt can be used in every new recipe). 3. New

heating t echpgbogies woul ¢ haventaibe davel oped to-beat, t he, asphal ¢

granul ate. According to the evaluated patent literature the rel evant
t echni cal wBf|Br Pases0 "R ShPydelenast ef Pusery ¢b Wer teaxibaupdi ats @nd

only to sol vipgepastéal iy obl.ans assaci aheds i fhdhg ne-usenpfcaiiy
recycling asphalts. These are ei'ther environnmental or plant and
process- spe€kPeesS piobl ens on the one hand, or conposition proportions
and, in addition, but only in terns of approach, neasures for
improving the recycling asphalt in terns of individual qualities of
its constitténtBPERX t hal? the wesigiidl tofcarrdyeliegusedhallhiwe s now to

docurent ed By Lhg:d 0t 0w 09, Gevel OPIBNL CRAANGO0%:26E01 LNDsE 0, LA
eval uated patent literature. A device for processing bitum nous

aggr egat e, soehd awvredtd g heeyeli nglhsprad t20G°s Ct-hénéfore prioposad
in DE G 8907,8092. 1 t QQE | atj e recycling hal t
are not yet %xaniﬁ%% i d?%%ggJ etgﬁg.%%gggF%?%%pt%g 3831 870 O
a multi-stagelpréces isshgreopdsediftdrouthetmanabdétiuce off aspbatling

using granul gliofh  egye) i ngoasghald 14, ieh aranylale, and.J ogl are
fed into the mxer ina first process stage. e process w | I ensure
t he use of avhitgingrsoporvidhnofty edyclsitageasphatd amitt.hout buffering
by pul sati ng evaporati on.

At present three problems currently oppose the higher rate

of re-use of recycling asphalts:

1. The degree of oxidation (aging) 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



A nmet hod for manufacturing asphalt using recycling asphalt is

di sclosed in DE 41 40 964 Al for mnimsing the exhaust gases from
the thernmal treatnent in terns of the hydrocarbon proportion. This
recycling asphalt is previously classified into a course and a fine
fraction. Onby,the,gouse, Rortd onsar & d Ninki 8k hy.heat.11ealed and gt he
fine portions are added together with hot bitunen at the end of the
heat treat meAfRStForettfe sscdhori €ap hedtdligceh pecyetitrg-asphalt in

t he manufacture of new asphalt, DE 43 20 664 Al discl oses anot her

met hod for heating this recycling asphalt in a separate drum by flue
gases. Fur Chef no? eslo BMO 2E6 P16 1Al fal sovidis cloosdsracnet hodofarogvhe
| ow eni ssi on-PEEGESSING Qfe 2,0 LUMLAQUS Aggnegate Wdh a proportion
of granul ate as recycling aggregate (recycling asphalt). Here the
proportions are first mxed in a mxer, anong other things. The
proportion having theclargest heat coptent; isused, by, fieedi £XCESS
heat to the other proportggiézfor ?enperafﬁ?@sequ§?$§%¥33n.Q%% 0%§09
097 Al expl arasitharecation caephdlgi f iler stherre featuralororegyArheti &
e O oyabhctidy ceshl, SRersLANS.Ar e-afdad d 0.8 BfuTED AMLS on
for the environnental recycling of recycling asphalt containing
pitch. DE 195pB@lU6drcAlncdl yotdesensses ia dureber otetialli-he devel opnent
of the construction of asphalt m xing plants for providing asphalts
to be processed and referred to in the patent as ol d asphalts
(recycling aspbadiis) for Ecobhdnidéald70envi r enmerittab-kyafei endlygsands
ener gy- savi ssing. . A dr rum heated indirectly in the
counterflompg%§5§%€i§%g Fﬁ og?éﬁggﬁguaﬁt%gd? §Eﬁ%%tufggﬁa?f%Wf%ﬁ§dand
functi ons wascpebposecsdherl theat whgcangradryiiang the asphahte gfahulrabe,

t her eby reduging .the ener requi renent and .exhaus ases and .
preventi ng gg%c%ﬁﬁfrofl?hgyagﬁ%%%tF&Pﬁﬁﬁfafgfggﬁtébﬁgnﬁr © ﬁﬁeﬁﬁlﬁP 1
254 925 Al shates, theongeobhfien thhighg®robhatiel doasphaltsig ecydlalng
asphalts) are red to .a m.xin plgfg_{ﬂlm@bchonegéasphalt is
manuf act ur ed” by~ & Knows conqvent I ohat RodP°For thi s pur pose
paraffin obtai ned by Fi scherTropsch synthesis (FT paraffin) is added
in defined proportions. The FT paraffin ASOBI. T( r added is

i nt ended fu%c??g%% Iébﬁ(?ﬁ%%fggggélP%ea?%é$2 i%ﬁlP§ %%C¥ﬁ N
appl i ed as asronskckundcace. DEArONGOORherat hidigsyintihe st ef uviehad:transti n
the sense of a regeneratjon of recyclin sphalt, is also discussed
in DEO 558gi%%FAd?r?%e %ﬁ%it%gﬁr% loiTg%%W%P%edlﬁroﬁfﬁ?ﬁesfgﬂ s%ﬁdge

i N conj unct hoat sdxitldigh W blropart ours. ot Iter scherm €adl icenpoaephslisuchsas

ni trogen, oxygen ul phur, hydr.ogen and carbon being determned in
defi ned proﬁ%gY}%ﬁ%”bygﬁﬁrﬁg¥?ngﬁFﬁeFhﬁF%FS§CGB¥HV%QQFHE action.

5, 755, 865, bheyr egenewatisen wefrtieaycldrag iasphaht ysheukd the saehi eved
by the use of a_shale oil in a defingg addi ti on. However, shale oils
are environheht AFPy RAF TS a8 Qr 3%8RT ¢SO thi"s hetiod Gidugege at
di sadvant agepéisend W helenbeer aceoprgidtg to US 6, 117, 227 asphalt and
flux oil are used, but only in the cold process, where flux oil is
intended to penetrate and swell the aggregate envel ope fromold

bi nder express| ¥nen dhggld1phase ing afderet @ OURy antgeztdheihonde
during conpression. On the other hand US 6, 159,279 rel ates to the
doubl e encl BIPHFTAS nPt edoPr ot ldns OF fécyd i AG* adphatfisGleses

m xtures W fhoanater ypebabd BoRdefeating this recycling asphalt in a

separate drum by flue gases.



The circle of different devel opnent directions fromthe state of the
art to be considered is closed with US 2004/01/0146351 Al in which
repair material is proposed which al sosconprises a binder with

recycling asphalt. An overall view of the anal ysed state of the art

shows t hat
di scussed,

the Gorplex apd pevhy SypMRf i 3%90585 Qioéogfbiogﬁfﬁ@i%dfy

such as 1. the degree of oxidation (aging

in the recyébiengoasphatiion pidyesconpost t¢ oni {nonoegerygregyict iwigh

asphal t can be ysed, g}d%vergfnegh%%ﬁ%ggg and 3'régﬁﬁg§#{ﬁe?ﬁ%r$ %gg

hal t grmnﬁatelimte

of the asp

C assocl ate

of recyclindrasphalts asehale neirufeadter @robohbtomsphed t £ agyr egates
has not yetige%nH§§E¥?dah8n%e5gﬁe9ftﬂi [ ﬂNetE$% 8r€9&§eg$$¥%%ﬁtWFh

rel ati onshi ps. Representati

i nvention,

n t he i nvention new obj ec
ilargesshedt | cmtappr dachsednby heegddngsexokssepyet i thg the

asphal ts and.the pRoufactyre o bot,asphalt .adgiegates, i

EP 0 409 097 Al explains that cationic emulsifiers and
natural or synthetic rubber or synthetic resin dispersions
are added to a bitumen emulsion for the environmental

recycling of recycling asphalt containing pitch.

DE 185 30 164 Al also discusses a direction 1in 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.

EpP 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) is added in defined
proportions. The FT paraffin (SASOBIT®) added is intended
functionally to increase the resistivity of the asphalt

applied as a road surface.
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- to compensate for the aging of the bitunen in the recycling asphalt
by addi ng a new regenerating agent, - to create the conditions for
ensuring that al nost every recycling-agphalt can be used in every new
reci pe of asphalt aggregates in wearing courses, binder courses
and/ or base courses, and - to maintain the limted degree of heating
of the asphalt granulate wi thout additional technical expenditure.
re-use of ré&pepi mfhasphdlitgsin thise neamykactuee ofnhoheasphakt of a
aggr egat es wichlbe,ingteased and ;ppt etpal: orevd qusly i8-us as
m neral s andegiﬁde?/bitunen, savég? Asbg%rea§§ nentioﬁea, %%%dﬁy%&
pavenent s- ol ctdi¥erl davererths ofddadpleal rfir eplesbheihgghfgoml digested
bui I di ng mater,i;gls ;yhi & shave ;BEeN; gual | Ly, Topi i 'y
and externally ?n ferns of théir?cbﬁ%%%it¥%n a%%9§%§t§€$gﬁigﬁs$%?#bad
to be extendedrpheref orech epr esdmogea, vakyedbl e suesbureehwhoseer errgse
w Il always helbp,save, Jmterial fal L.aw ]

ecol ogi cal Sbjec?ive ﬁag%éthegékgrZnﬁgggéﬁ%e%ggkggﬁgﬁﬁ?g e%egﬂgt'
proportion of re-used recycling asphalt can be converted, the higher

wi Il be thegpotepti fo ng. r terials n essing the
proportion of recyc |%b é%%ﬁ%ﬁ{m%hg¥/ggn%bzgéé§%ibd?§%h§eagg?€é}%
har deni ng offt reclyicldnenashatlbcebpsldukeet echgeverd nbgt the carefoudl lay

consi dered apd,evalwated, t her,.t hi ngs,, Accor di to the
i nvention the o jggg g§t§b|lsﬁg§8i2%gé %%%édH3W?¥Fﬁ%egg%§ing§ of ©
Clainms 1 toehOirFhecntalent i lomrmidllates birpsétofs,al kot ahtihe measdr e sof
setting theagggrgfé%gvgﬁ%%dness of the bitunen in the recycling

agi

asphalt, increased Sfuﬁith a softening agent in order to

obtain any desired property of degrees of hardness. Suitable

sof teni ng_ agent s Laclude, for, exanpl ey fldx ai Ls, also obtained from

waste oils derrving frionmi the processing of engihe S Adust¥al™ o s

from 0il 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



wor kshops and filling stations. These oils are obtained from crude
oils and may therefore be m xed again without problemwth bitunmen as
a residue of petroleumdistillation. -Vegetable oils or frit oils
could al so be used, as could soft bitunmen or flux bitumen, which is
not otherw se useg ide@sehalt oQQHéEI&Qt!agl-QgES%%nEh@! piOutd}e in the
invention is the fact that according to Caim21 conbined use is nade
of a system of a&<ofteRiIngSEgeht- - as described above - and a

har deni ng agent - as expl ai ned bel ow. This softening agent -hardening
agent systemis added to a suitable mxture with recycling asphalts,
primarily iA-thehfareprasidion t Hetnmsitaure. r99ycdider asghattaicant e
required instal l.atdonqt eypeyatdy e-dinden gpyi ronmental ly friendly
conditions, an FT paraffin (SASOBI TEO is therefore added as hardeni ng
agent, in the warm phase, for exanple, to the recycling asphalt
(granulate @r praductydQche 6E||§g%ti§fnbhﬁeqjﬂﬂt@sbﬂ@lé'uér&ﬂdka@é"
exanpl e, as softening agent. The installations that would otherw se
be required wheniusiteg FecyéPing asphalts may therefore be
surprisingly reduced fromthe beginning by at least 30 C, i.e. from
170 C, for exanple, to the 140 Cto be maintained or limted during

t he heating2eforeeird i ngtashidal re-uf opf t hecstlaimg, asmedfter @nda the

hi gher tenpgrat ;5N al ir r Ci t myxt.ure.
Mor eover , usé %§£ﬁ%%§aog%t%%tef%ggﬁﬁahéfe:¥Q§§€Eaﬁg§he£g%n %Ehé%¥%hl
products inseheedi t uen, whreh arefal sénhernmed Hurhewtd he agigrpled 10
- of bitunmen.in the,asphalt, react extrenely well with the FT
paraffin (SASOBI TES). The substances specified here for the softening
agent - hardeni ng agent system are given as exanples according to
Clains 3 an i.nci pl-e o ' to Caim1l, these substances
may consistggér?ﬁ%ﬁﬁgﬁﬁqﬁ %g gﬁ%s%%%%ggg%} subst ance preparations that
are liquid at roomtenperature, can be m xed with bitunen and have a
flash point of, over 12 s eni.ng nt and a materia
that is notT$§§§%%I%P%ﬁ§a|%§ Sggfﬁﬁ§?%§%%Pafg}g%%gﬁgéfofp%s%ﬁﬁﬁ%%cq’s
el asti ¢ andireshstantuteo dr irerclvel iganahehalged aasl hardeahnfpagent ofl n
a further ri f.Qr of t eni ng agents, higher boiling
petroleun1P$é€t% %gﬁgégéﬁ Ségfﬁﬁ?FE%nt base oils, by-products of

| ubricating oil manufacture, liquid products produced in the
processi ng of waste oils, native products su&h as fats and ojls or
cheni cal |y nodfi e THE S oPFs o vagetanl th%nﬁﬁgwﬁﬁPigPh,tgﬁch
as fatty aci dreeyhylinesiesh0re eveadaixdy ur eswfreguabrsubsy anges, my
be used. In a material formof the hardening agents synthetically
produced paraffin waxes (including FT paraffin (SASCBI TEO)) or waxes
separat ed fromopeteateunhef 088i]t MaxesmhicaByal 84 0bt 2l ned J410m608l s,
recent waxes of vegetable or_animal origin, high-nelting fats and
product s nanuF&EVﬁ?éﬂgfﬁéﬁ?ﬁﬁ%nﬁﬁ? retizesdl HodPYeeat Per wicchra of
wax- | i ke char a%galtsg@eraga@ﬁg ens andapydes,ursyat heliineal! y-qppraeddyced

esters and am des with wax-1ike
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



properties, thernoplastic polyners with a | ow nean nol ecul ar nass,
such as pol yolefins, particularly polyethyl enes, polyethylene

copol yners such as et hyl ene-vinyl acetgte copolyners and

et hyl ene- propyl ene copol yners, phenol -formal dehyde resins, aliphatic,
aronmatic and.njxed hydrocanhen resing (such, a§hét¥159hkﬁ9§5'ﬁe resi NS
recent resins such as coll ophoniumresins and their chemcally
modi fi ed vaRFRRR St suelgasIgtgcer gilandbpentiaerpeledl estder snatrsyiabe
used as theoparAsning pgeileq f Lunetiongily, comblaedymyhil pla alhect
in the sense of a conbined effect, is t erefore achieved: A so teni ng
agent is obsavaed with the oil conponents and a hardeni ng agent is
obtained with the FT paraffin (SASOBIM for exanple. This therefore
creates the conditions for being able to set the desired property of
t he asphal t 8sbylseidablentdosiedg obad heacorpdsent s osbét epd ngneagentofand
har deni ng agenfai Nt eLAeLLOg: a8 A SYRLETL SYRNLIHAO!Y, b119.3\80 cn
possi bl e, even according to arm?Z, to Use ‘exclu |V§Iy recycling
asphal t wi theut mesn Mureridly swbstanedsbarid/iortemewl by need / dt tarmeni.lyThe
addi tives that obyi e r. h. 0 r. additives, .are
excl uded frgﬁ1gﬁ%§§ e9§§% éﬁ% (%ﬁgﬁggréHﬁaﬁﬁ %%%%ﬁ@'%fhﬁélﬁ?% o
re-usi ng rebyctxmgnasmphdiars fogsachepseaspirala vaggeregat essoware whose
generally be_b er. conpy e d _are nuch re.resistant.to traffic
| oads, due ?%'g%% o ?%%§%§E?F§' S%VEhéagaP%QEBﬁ%g%En ESRt b et /S
recently cosbemed sysirein ofcslgitieniing cagent iand hastdeniirg cfgert , be
therefore c jsting of ¢ onents with Intrinsically different .
actions butggﬁ%ﬁiﬁ [ H%M%agﬂag?%erh?npf?ﬁﬁ%%%ﬁ: fgﬁ %ﬁuﬁ%ﬁ%ﬂﬁ?ﬁ%ﬁilpﬁ

t he aggregateph®lipradude gounetoem efdiedtidhkat wachi eveshé¢ heotential
predeterningg qQL%g} ngamg gpigﬁsnanner, all ows the use of at | east
hi gher proporfions recyclirng asphalt up to the naxi mum anount of
recycling asphalt only, conpared to nethods of prior art. The
nanufacturelgfan§m§§§phqh} a r%%%te can there%ore be carried with

| oner degrees of “Heatihg and W i iPr Gved téc ?ﬁ%xﬁsﬁﬂégﬁer P&s PO

t he appli edcasphahted ayens, deyebe asfomaasphahy boadscomiathen asphal t
pavenents. It has %Fen éound. in variouys test é ries, tha% the first
conponent, tHe Sof C&fi ng° agent’d a3t ada MBERs of r 6PPES ?ﬁﬁftWEd

bi tunen containeddd) thengeeyedt nchiasphalt in the sense of reducing
agi ng, and replaces |lost nmaltene proportions due to evaporati on and
chemi cal aging. The | ow tenperature behavi our of the bitunmen

i npai red byragifng S tonptoyedibyerithese ewapwienrics apdribBished is
enbrittl ement, caused b aging i s reduced. The said first conponent
may therefo?%@ﬁ%ﬁ%%&PFé PhgstaStioséd Gboves -1 dGhdi%st of substances
or substance preparations which are liquid at roomtenperature, are
hi gh boiling and m scible with bitunen, and have a flash point (COO
of over 1207 APVERAYCRNIWT3ASEST I UK Hi | °Thidgher EBoiTieng™pet ot efm
fractions, e@iddbeheanichase 6fl| sarbyepsodict snef diuhieeating okl
manuf actures, liquid products produced in the processing of waste
oil's, but afSoTative®hittdet stRUGTSES At s28t°Di | ¥1bf  Ehethidamiyo
modi fied faigerandi®i bsaof vegebable ofy antsBle DI Pgrrt®. Bf degkdes

of hardness.

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

of engine or industrial oils from



fatty acid nethyl esters, may be used. M xtures of such substances
may al so be used. The second conponent of the conbined system the
har deni ng agent, is a neans which firsbly inproves the processing of
the recycling asphalt in the asphalt m xi ng plant by reducing the
viscosity ofcthenasphahti mixthung, 2Rd;secongdhysincreases .t he,vdigidity
and deformation stability of the asphalt courses produced. As already
stated, thi §r§]@c6ﬁ6d%oﬁbgﬁeﬁ@di gayhéhefoferancel Bstet agml T osh teroast
to brittle guterial that ispnaindd onabl e 4 n Lhe; usef ul, < enperaiurg
range of asphalt. In the tenperature range of the manufacture and
processi ng 8tsShsphation-his conponent is present in the liquid state,
is readily mscible with bitumen and has a viscosity which is | ower

than or at |east as high as the viscosity of typical bitum nous

bi nders at Vheesanes terperat ufelt Aslld readyl mermd diredisssyntavetdceal y
manuf act ur ed.par gl { ife YaXeSe Afx BARRLLLN Waxes $ePArat 6thdrMe used
petroleum fossil waxes which are obtained fromcoals, for exanple,
recent waxesnofswiegjdt alsiretorcanpmal origin, high-nelting fats and
products manufactured fromthem by chem cal nodification of a
wax-|i ke character, e.g. esters and am des, synthetically

manuf act ur edsestlersl ahe Bt desvewtirmwaie | fike properitdtesaccording to

t her mopl ast ¢, ppl yMRES WLER Bskowsmean. mlecul ar. @SS, such, As.

pol yol ef i ns, %art?cuﬁarp§ po??etﬁ%leneg, polyé$%§1ene copo%?né??ﬂguch
as et hyl eneagenyl —aeet ateeccopeflyrepge and aetihyl dwederopyl egent — as
copol yrmers, ngﬁQPAe'J opaaldehyde J ?§bP§en§led PQQLHB -ar.9matt 6 and i xed
hydr ocar bon resins such as styrolindene resins, recent resi is SUch as
col | ophoni usysesihnsisanddtibei rcacheni sal tap lrpdinf kedreyamiiéht scsuch iag

gl ycerol - - d t throl, e rs be .used . he second
conponent i%éé%%¥$g058$%@%$&%a%%f??%%%gﬁSggggé)?FY%K%%H%%F%ﬁ'to
softer types of bitumen, flux bitunen will also be used, depending on
t he degree of hardening, .whi.ch is generally.determ ned by the rin
and ball (RCE B USSr Caig 801 it and ey £ by VEhe. BEnGtt al PO RS | s
achi eved nuchdemr eneasiinensatli vf [fuxeoilly tondtidiernd,0 arevEer sgatdfefin
degree of h ﬁiﬁf at _occurs. The ow edge that. waste oils
deri vi ng frgéﬁg? e né()@%]olrS sg% %er'ﬁor\ﬁniac{&éjenaesr grﬁry Have 1938 ’p&innttshe>
200 C and fweguenphysepnt abn aecrRatpligconss detiabl erpeopoirtg oresgfhalt
synthetic c onents, are particularly suitable is exhausted, Such
synt hetic o?gga%?éﬂﬁ1s8roﬁF‘§H8 iy ﬁ%% E?ii%%%'TF8 %%aiyﬁfﬁgsggé
Here suffictemt @ill, Widd chenptldethd scatldenthg byadker in the recycling
asphalt used to ensure that the R 4 B softening point of the required
fresh binder is obtained. The following relation wll therefore
apply: 1 Chhépanttbylaei ghd) toétf lvuxlei biheekatedbko dd@itretialwhen
bi nder proportion, redﬁces t he Rll B softggingf oi nt of the resultant
bi nder by 1" ThéFEFLoWe ng WS 1ES Ctittat &d© h® eX&npP &P 406 W
recycling asphatdd Wetdm athé ndeyipiDpprvy oat ofieds8 BBE Wit h iar .RrroB of
62 will be f$6°t8,a@o§ é%é%&lé? %b Qgiylfiyg énto be maintained or
limited during the heating of recycling asphalts. From the
start, therefore, a higher temperature is not at all
required when producing the mixture. Moreover, use is made
of the effect whereby asphaltenes and chemical products in

the bitumen, which are also formed during the aging



62 C- 52 C 10 C reducing potential :10 GR of flux oil 10 GR of flux
oil of 4.8 Mobitumen - 0.48%flux oil For exanple, 48 kg of aged
bi tunen are contained in 1,000 kg of-recycling asphalt with a binder
proportion of 4.8 M% 10 GI of 48 kg is equal to 4.8 kg of flux oil.

W thout furthen addihives 1.004,8:kg, ot-feactivablea ,aganegatq wayld
be obtai ned. Parallel drums have so far proved satisfactory as

devi ces for FReBeTragfthe FASEOPETER) eut product or asphalt granul ate.

Wth these druns the recycling asphalts are sparingly heated and are
heated to approx. 135C with limtation of em ssions. The quantities
added are gé“gér aubpteingre e rar 1S0OM %decalice the neftaggregarernits

m xed W th ngd££§§£ Q@éﬁ¥1%y§%$§nﬂﬂ§%ﬁv@ﬁaggdF%Qmﬁl@égQ@Eording to

tenperature, which are alsolimted, and installation tenperatures of
> 165C can Béaashi eve&d 4Fhe building materials could only be

install ed and conpressed property at these tenperatures. These high
tenperatures are now not required at all, according to the invention
until, conbifnedrwithrite softeding bgehtain | Lx oid¢se f onbebenmsise maand

a Fi scher Teopsoh, wax,or ghghl arpsufistance, suoh, as, SASCBI TH(() o L8

added as hardening agent. The insta ion tenperatures can then be
reduced by »r8parg.i@s tHetonerdrahtwisk dasrdheentsrage adfurehe deactoe

according tBi&Q& k9¥ﬁn%zgﬂmeﬁhg dfkﬂégdabﬂﬁ%gﬁn$kxﬂﬁs &%%? %& over

i nproved conpression behaviour during installation in asphalts
manuf act ur ed2i t B, t kemsa@terhegotienthandnthe cerreirned ehbectisi ot

achi eved aceording. to,t el nyent; on hereby, botd, substanags, (1) wy i |
and sasobit) can conp?emant each ot he s [
elastic and resistant to brittle, can be used as hardening

agent.

In a further material form of the softening agents, 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 hardening agents synthetically
produced paraffin waxes {including FT paraffin
(SASOBITE®)) 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—1like character, such as esters and amides,

synthetically produced esters and amides with wax-like



intheir effect as a systemof softening agent and hardeni ng agent.

Al nost any desired degree of hardness of the asphalt can be reliably
set by the "softeni ng agent and hardemjng agent” system Here too the
material addition of 3% of the total binder is generally required to

mai ntain the effect.of the. softening a%%ﬁgggﬁﬁt heiope hand and fhe

supporting effect of the hardening age e ot her. The advant ages
of the invempileaudze t hersef,or esdemonsts at edlvalehiats,- t herresolrde

recycling asphalLt,is (o f; ab ~nhedi reci _be
r egener at ed%ang akrl% %Igeﬁbgér g?(?l (%ge%%iseg%l eC%O%QOlty gggn\%g%ntasgf Qgﬁﬁflﬁe@%oods
i s reduced, vingdnsi deredbite savingslteshe natd onaletéydroryp bacomme

possi bl e wi th ahppsts 100%ke: usesof 1 h&%_%y‘:' I ng, gsphal t%li&?a e,
m xing units an” be desi ghed nore sinply.” The inventi'on therefore
sol ves the probkehs previ ousty dndroherbechniesahsobjedt est abtisted

out| i ned SU&REEﬁénggg'SQSiE%%e £ }Zsingh uéﬁvggt%8?1%%h%F§§Hi$§§{ns
hereafter in an exerrpllarﬁ/ enbodi nent W t h- Fef ef ence rawm ngs.
Bri ef descrieptli amedfr tdferdrcawilggsnodified variants such as glycerol

and pentaerythrol esters, may be used as the hardening

agent.

A functionally combined multiple effect, in the sense of a
combined effect, is therefore achieved: A softening agent
is obtained with the o©il components and a hardening agent
is obtained with the FT paraffin (SASOBIT®), for example.
This therefore creates the conditions for being able to
set the desired property of the asphalts by suitable
dosing of the components softening agent and hardening
agent interacting as a system. Surprisingly 1t is also
possible, even according to Claim 2, 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.



In the drawi ngs Fig. 1lshowsafl owdi agramm t hpl ant configuration from
obtaining the recycling asphalt and producing the granul ate, through
testing the granulate in the anal ysis 1maboratory and heating the

granulate and its weighing, followed by the addition of the conbi ned

system of seftening..agent ang;handen) ng. AgeH , stoqt@hﬁ{;g Ofehe naw
asphalt aggregate and its loading, and finally its installation at

the construbeFeémsiqerdfily. RBAOWS tchecerdifitiad qrfaphireinents with
represent at ag&%{&qﬂp%&&m@& aof§ B MBLS hﬁuﬁpéf@lm 'éavcharbdchf L.ow

val ue using the systemof softening agent and rdeni ng agent
accordi ng tént heeipvention,am grordshons the teranrbaeesgraphi cafoduce

repr esent at oy ofo Lhe, devel QREentcof densidy HLL(OLURE, USi g dde s,

syst em of soft-eni ng agent and hardeni ng agen ccor |ng t
system andaFigpmdsirowsanher exatilived grlaphiveal @épﬁéseﬁEastoﬁuamethe

cavity deve£95$%¥%1éﬁglg% recycling asphalt up to the maximum amount

of recycling asphalt only, compared to methods of prior
art. The manufacture of new asphalt aggregate can
therefore be carried with lower degrees of heating and
with improved technical properties for the applied asphalt
layers, such as on asphalt roads or other asphalt

pavements.

It has been found, in various test series, that the first
component, the softening agent, acts as a means of
refreshing the bitumen contained in the recycling asphalt
in the sense of reducing aging, and replaces lost maltene
proportions due to evaporation and chemical aging. The low
temperature behaviour of the bitumen , impaired by aging,
is improved by these components and the embrittlement

caused by aging is reduced.

The said first component may therefore generally -~ as
disclosed above - consist of substances or substance
preparations which are liguid 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
cils, by-products of lubricating oil manufactures, liquid
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.



- 18 - the system of softening agent and hardeni ng agent according to
t he invention. Best way of inplenmenting the invention According to
Fig. 1 a plant configuration is represented as a schemati sed fl ow
di agram conprising - denoted by 1, the obtaining of the recycling

asphal t by meany efcieutddingiateddhespoinpt, ofe exd&nsien Qf-an asphalt
road to be extended, - a screen system 2, to which the cut recycling

asphalt is fE@SFenses eety tHer 8§uirtFed- grain sizes of the granuiate, -
a crushing system 3 associated with screen system 2, in which
oversizes of the recycling asphalt and/or over-grain sizes are
reduced to dPGs&BFenpi ee@FId, Afhénef edmpnahes sdreaen thyshenidwing

screeni ng, -gananakysishahor agorydforexan pinathe %@psgu:@si Gl as
total binder proportion (bitumen) and the degree of hardness of its
granul ate, $6ftiRCYAlides prePhehe ddadi thenssphathe Bofireni pgant by

agent - har de@ie_egc@g?nt cgystemand/or dgt erdrinatison, apd/ gt cont r ol of
the technol ogi cal theoretical/actual values, if necessary using a
conput er ai GEGOPHEYr ART AR TP piioyi desidifte famictdednsmot ipecotdbngity
checking and«i frhnecessany copLect| Bgoag%&.ec}@%?ség Paranet eng
fromthe recycling asphalt obtained and/or processed,” an anal'ysis of
t he second component 1is therefore an elastic and resistant to
brittle material that is not flowable in the wuseful

temperature range of asphalt.

In the temperature range of the manufacture and processing
of asphalt this component is present in the liquid state,
is readily miscible with bitumen and has a viscosity which
is lower than or at least as high as the viscosity of
typical bituminous binders at the same temperature. As
already mentioned, synthetically manufactured paraffin
waxes or paraffin waxes separated from petroleum, fossil
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.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, 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



- 19 - processed granulate for setting the individual technol ogical
paranmeters and/ or checking the actual values obtained, - a drum
device 5, e.g. also arranged as so-cal{gd parallel druns, for heating
the processed granul ate, with subsequent wei ghing, denoted by 6, of

t he heated granul - m-Xi n |ant 11 for manufacturi t he
asphal t agg%é%at Bg%ga%%yt%nrs%lal F%B,Qr?'n \/I\}ﬁychget he”fheated 5%% weT GHEd
gr anul at e andmpthentsoft enidig iagent- Warckerd g nagepsOBYBY)em 7, 8, after
its weighing, denoted by 9, 10 arem xedaccordi ngt ot hepr edet er m ned
technol ogi cal val ues, - a subordinate | oading device 12, such as a
silo, for | cadiedgithenasphabttaggtegat efand tursehal Fing bheusanmesion a
construction,site. In _designing and further developing the :

t echnol ogi cgllsf)n%fseh%ﬁ?at ?%ﬁe%? hel nii/%eentd?egﬁ,eei £5 aEgﬁEéW/’ab‘f}élcf}br
t he technol dgi cagdneraddessdéioebeirnear rbed taat @ceeor dhdig bkali t s +1 #)0
13 of the flsg\%/tdi agram i.ntFi g 1in a tCtL};Ed Iogi stitc. chaig t hat,
takes into CONSFARYatifsh Hhe®Bf odess sthged Cackolaihy 19 a al'mro.1s
Mor eover, thehteneeptneh reptacicagian asphal fluo0adios othewrasphald

pavenent to _be extended by the newy to be installed asphalt
aggr egat e, arga(SJr’aér‘ngh? Ode@_/rafoo_f gar ness t%at occurs.

The knowledge that waste o0ils deriving from the motor
sector, which generally have flash points > 200° C and
frequently contain a not inconsiderable proportion of
synthetic components, are particularly suitable is
exhausted. Such synthetic oils are also obtained in the
Fischer Tropsch synthesis. Here sufficient oil will be
added to all the binder in the recycling asphalt used to
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 oil of 4.8 M% bitumen = 0.48% flux oil



the said logistic chain whilst maintaining the existing |line or |ocal
position, offset in time only by the required technol ogi cal process
of manufacturing the new asphalt aggregate, nmay al so be inpl enent ed
to the Optimum degree. The core concept of the invention, the

conbi ned use of a system of a softening agent and a hardeni ng agent,
which is added to the corresponding mxture with recycling asphalts,
can be i npl EfenEae R 1 e ot | MUt Geprividumiene argi CRBGEIRRW Hevi cEy)
by means of this pg@?&mp@uéwﬂte N c80RSikshlRg Bl COPVEM ignal 5

i ndi vidual devices. 1n principle Fig. 1 shows the addition of the
system of sbéftehi A ageht and-hardeni N dgéntedi vt heukarm phlsenout
according te,Qalmliq;Under ¢ophespandifig €opdifions of, LR Eegyeld ng
asphalt and after a detailed analysis of its constituents’it is

possi bl e t oPAEPRiFHEIaf-e t he new asphalt mixture according to Claim2
W thout the addition of new mnerals. As already stated in the

expl anation of the invention, the system of softening agent and

har deni ng afenmllale Gener aldve cirarfot ericed bpttthéateatyres aecoral ng
to Claim1,cthe,softening agent,bei ng.determned in poy g |
according to the felaﬁr es of éfltcai m g,taﬁd tlgae ﬁoar gﬁlﬁqr%é%a g%%l%%%en'g
det er mi ned Whthortéedet afifumecoihdi ngetocthe f eabbiréss ofar@ asprdingly 21
;of Fo01 Ol NO0LNEL e LSENL AL AN ACGOT NG, 0 1LBECT VORI Lo L0B o
fol |l ow ng exarrp?e enonstrates an appliication of the inven i on T or
commer ci al andd oronisnddser pabnuseled tavidedt hee f gamewdrly dfimahed to 80
exam nat i on,agc i to e_invention:._. The recycling.asphalt

granul at e pbgocegkééej(%fﬂ%oer Fr%%ufngglt ugr]%t%rge%taﬁg new 15%1}5/% %I %lgggp%geat ferelssh
set as 100 MBéralcyshibhsigprasphaidatdd wasa evabbat edempéhaan-gnalktyisad
bi nder/bitu ri. of 4.8.M %, This ss, the binder/bi
proportion, Q%;SQ%SO{O %“éﬁﬁ%ﬁg ngjntlnag%%%%%lnogn to ReF4B"6F" 6%£§ W
is to be setat obs?2 &hildnesl.reSbkt uiddandi frfieereerniedsofcdl L aslyheve

-cal | ed ' tential, which i ivalent to 10 GI of fl
o1 10°GT (barte sy g oreyeer 1 e BeF T4 6 s Racr Pt ttimen

therefore results in a requirenment of 0.48 % flux oil. The relation
Was assunEdT}gehsaet :1’11Gl'|; OEeI]:lleurXa Ouirle’s re!:g't ed wt Ont € EeOt ailred al
bi nder / bi t UMER proport i on = Feduces t Ae®sot¥eni™Rg pot At Ecofi i o R

+ B of the zesutdiant hiondehkbi tturentbyn 1 @itilln 1,c0001ikgdof wiecyclHeng

asphalt processed for_reuse kg of. (aged) binder/bitupmen are
t her ef or e psroeéteen % %g%?%’de%ﬁﬁfit LT p?SBoreﬁa&ﬁ& £ MPo, T,

after cal cutatpaigh 1G6GToof ABikgr giubesaaceeguchenent sadorbBekg fe
flux oil frocrl’gt e _mss of . 1,000 ktg of recycling asphalt.
added as hardening agent’.

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 behaviour during installation in asphalts
manufactured with them. On the other hand the combined
effect is achieved according to the invention whereby both

substances (flux oil and sasobit) can complement each other



- 22 - Accordingly 1,004.8 kg of aggregate woul d be obtai ned, which
in this case corresponds to full re-use of the recycling asphalt.
Assum ng that no new mnerals have to bg - added to the aggregate
then reactivated, after a suitable qualitative and quantitative

anal ysi s of jthecyecycldmg asphal t, themsses of,feoyueli ng agphalt
may therefore be fully used adding the softening agent to fasses 0
new asphal t hagdreigHt exjenthi 15mosayieny tkeseefedeat erer af sha s part

of SOftenin9h§g§§EhaﬂM EQntB@ ?éifﬁ%lfﬁséfh%yrgggce é%gﬁﬂ% iggeQQigﬁd(ﬁ

the softeni ng agent-hardeni ng agent 'systentaccording to th
i nvention, Rarépwcomsiardd wivsherhelpee ttof tiar derviemdaagentisbont haf
with the FTzpapaf fig, SUCh 29,98P0BLTEQ, a5, har dep 9B 32 B0 4
i.e. in this case 1. 4E kg of all the giﬁger}hg?t S%ﬁ%%% g@dgaﬂﬁ)ﬂt%e
granul ate. The delttophenthe exufitteniobt abred osi higet pee sbft@nimg the

agent - har degi ng. a9 S¥st.em acgor dj he_inventien, i erns of
the i npr ovedu% shal est abi IrQl)t ygaeglgiaglgig\%lvg\r}gl %%%Wt%e tg‘gngildrt%e/Ir by
vol une corresponding to the standard val ues and the reduced cavity,

al'so conf or i 00 50 4f1g 8! andakd vabUes: on -a 23 endldigrresented iy
graphs in Figs. 2 to in the correspondrl1 ng di nensions and val ues.
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 designed more simply.

The invention therefore solves the problems previously and

the technical object established outlined surprisingly

easily.



Fig. 2 shows the devel opnment line of the Marshall stability and flow
val ue of the new asphalt aggregate manufactured fromthe granul ated
recycling asphalt with the softening-agent-hardeni ng agent system
according to the invention. Marshall test specinens (MPK) to DI N
1996, Part “dhSenxednasol he Obleetob. gelacld e, The,  of | oiag, vere
taken as a basis as reference mxtures of prior art: 1. 10 G

granul at ed redypslimggtasphlal teivasnmeotesdedvidsh an est abl i shed

sof teni ng poi nt of the binder/bitunen proportion, according to R + B,
of 68.4 C, fluxed to 51.6 C. The stability value is 12.2 KN (denoted
by *) at 1333mef2dehrcnéralen (elocks) dexviaet ed fromrecycling asphalt,
i.e. the binder/bitunmen proportion Was washed out, were processed
with fresh bitunen of the type 50/70, the softening point according
to R+ K beilngt38. 6r&@vikese the stability value 10.9 KM (denoted by
0) is reached at 135 C. On the other hand, according to the analysis
aggregat e manufactured according to the invention shows an even

hi gher stabilityFial e of sh8w8 KMaaft efldweat i aigpq:mronl ywil20 C. plani24
- This graph al one de tr 5t he advantage of, .an optim sed energy
requi renent for the h%%ﬁﬁ&?taﬁa}é ]ﬁlbonéc? |ttail%ﬁ3? heat i ng technol ogi es
are necessary. Mreovercydlhegusefnilalval ared opréddreciaggr egat grapplaed, as
a road surface or other pavenent.is higher tha reviou .
instal | ations. The i nq\%é:r??llgén arso ¢ errllc)%%t a re“sl?atgeccérndi%getgnﬁilifl%,
that the neasured densitdorabbpryol ame, habt2nd witeh beatuhgtd 02ah35 Gsi s
practically equal to _the,standard. val ue of 2.409 (denoted by *), the
latter val ue being t akery 'as’a bafgilgovéggt "t aFget 8§ﬂJsH<§PtOOfDI NFhe
1996, Part 11 and as ddmimefiesgncem &f naditeriingmistenal s@db@ardening
enphasi sed that the reduction of the cavity accordi to Fig. 4,
rrerrgsur ed accordi ng toagteﬁ%’i veltion < ortpgsBSHd%sﬁgbar}tq:hé‘g\%fﬁgéte and
according to DI N 1996,tsPartaditg( denat etndyl v )itai tihsaavabueoof a2. Ohdo
by vol. at 135 C.

construction site,

Fig. 2 shows the examined graphical representation
of the development of the
Marshall stability and flow wvalue wusing the
system of softening agent and hardening agent

according to the invention,

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

hardening agent according to the system, and

Fig. 4 shows the examined graphical representation

of the cavity development using



It has therefore generally been denonstrated that the invention can

but

al so provides, at least in part, highenguseful properties of a newy
manuf act ured asphalt aggregate making full use of the resource
recycling asphalt. Whale i s3k@nbEi oAt NEIL AhSnt halq UNEQTening agent
correspondi ng conditions of the recycling asphalt and its qual

and quantitative analdFSFdimIxfFagtieniercatires as wel | as

not only be used commercially, industrially and econom cally,

installation tenperatures from 60 C can be achi eved.

25 -

The

invention can be integrated in conventional process flows in an
asphal t m xPA§tprantowiifplenenténgsthofinvesyébing asphalt and in the
manuf acture of hot asphalt aggregates w thout new heati ng
t echnol ogi es having to be used or device extensions being required.
- 26 - List26foreies diicdigunbepsplant configuration is represented as

a schematised flow diagram, comprising

ative

- 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,

- a screen system 2, to which the cut recycling asphalt

is fed to screen the required grain

granulate,

sizes

of the

- a crushing system 3 associated with screen system 2,

in which oversizes of the recycling asphalt and/or
over-grain sizes are reduced to a usable piece size,

then fed to the screen system for screening,

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 softening agent-
hardening agent system and/or determination and/or
control of the technological theoretical/actual
values, 1f necessary using a computer aided program
which provides the functions of recording, checking
and if necessary correcting the technological
parameters from the recycling asphalt obtained and/or

processed, an analysis of the



= btaining the recycling asphalt by cutting at site of extension of
an asphalt road the 2 = Screen systemfor recycled product 3

_19.._
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

e the heated and weighed granulate and

e the softening agent-hardening agent system 7, 8,

after its weighing, denoted by 9, 10

are mixed according to the predetermined

technological values,

- a subordinate loading device 12, such as a silo, for
loading the asphalt aggregate and installing the same

on a construction site.

In designing and further developing the technological
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 9. 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



= Breaki ng plant for the production of the granulate 4 = _
Exam nation of the granulate in the analysis |aboratory 5 = Heating
the granulate in the drum device - 20 -

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 softening agent and a hardening agent, 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
softening agent and hardening agent in the warm phase

according to Claim 1.

Under corresponding conditions of the recycling asphalt and
after a detailed analysis of its constituents it is
possible to manufacture the new asphalt mixture according

to Claim 2 without the addition of new minerals.

As already stated in the explanation of the invention, the
system of softening agent and hardening agent are generally
characterised by the features according to Claim 1, the
softening agent being determined in more detail according
to the features of Claim 3, and the hardening agent being
determined in more detail according to the features of

Claim 4.



6 = Weighing the heated granulate 7 = Addition of hardeni ng agent
8
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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 1is set as 100 M % recycling
asphalt. It was evaluated with an analysed binder/bitumen
proporticn of 4.8 M &%. This mass, the binder/bitumen
proportion, has a softening point according to R + B of 62°
C, which is to be set to 52° (C. This results in a
difference of 10° C as the so-called reducing potential,

which is equivalent to 10 GT of flux oil.

10 GT (parts by weight) of flux o©il of 4.8 M %
binder/bitumen therefore results in a requirement of 0.48 %

flux oil.

The relation 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 binder/bitumen by

1° C.

In 1,000 kg of recycling asphalt processed for reuse 48 kg
of (aged) binder/bitumen are therefore present in 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.



= Addi tion of softening agent

agent

10
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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 quantitative analysis of the recycling
asphalt, the masses of recycling asphalts may therefore be
fully used adding the softening agent to masses of new

asphalt aggregates, whilst saving these new minerals.

This part of softening agent, with the effect of the
reduced softening point of the softening agent-hardening
agent system according to the invention, is now combined
with the part of hardening agent so that with the FT
paraffin, such as SASOBITE®, as hardening agent, 3% , i.e.
in this case 1.44 kg of all the binder/bitumen, is added to

the granulate.
The development results obtained using the softening agent-

hardening agent system according to the invention, in terms

of

- the improved Marshall stability and flow value,

- the density by volume corresponding to the standard

values and

- the reduced cavity, also conforming to the standard

values,

9 = Device for weighing the softening



Devi ce for weighing the hardening agent 11 = Mxing plant for
asphalt aggregate 12 Loadi ng devi ce, such as silo,for |oading the
asphalt aggregate - 23 -

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 value of the new asphalt aggregate
manufactured from the granulated recycling asphalt with
the softening agent-hardening agent 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 value is 12.2 KN (denoted by
*) at 135° C.

2. Minerals (rocks) extracted from recycling asphalt,
i.e. the binder/bitumen proportion was washed out,
were processed with fresh bitumen of the type 50/70,
the softening point according to R + K being 50.6° C.
Here the stability value 10.9 KM (denoted by @) is
reached at 135° C.

On the other hand, according to the analysis aggregate
manufactured according to the invention shows an even
higher stability value of 13.3 KN after heating to only
120° cC.



12

Installation of the asphalt aggregate in an asphalt road CT

Parts by weight M

- 24 -

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 volume, 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
and economically, but also provides, at least in part,
higher useful properties of a newly manufactured asphalt
aggregate making full wuse of the resource recycling

asphalt.

What 1s significant here is that wunder 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



% = % by wei ght + B=Ring and ball softening point MPK =Marshall
test specinen Index for reference value of prior art (in Figs. 2, 3

and 4)

I ndex for reference value of prior-art - 27 -

The invention can be integrated in conventional process
flows in 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.



(in Fig. 2) - 28 - CLAIMS 1. A nethod for reusing construction
asphalt and for the production of asphalt m xed goods by neans of
addi ng agents for reducing the aging-efdect of bitunmen in the
construction asphalt and limting the heating degree of the asphalt
granul ate, whereip prapytdons gk, .construction asphalt are utilized
al nost conpletely in said production of new asphalt m xed goods, such
as asphalt warm or asphalt hot m xed goods, and the oxidation degree
of the bituhen im thébtensiractioreayghahy dsphraddubedcunheneiat gaeh
construction asphalt siiseuef| ¢xezhdivrneadhanesspreditpe, and the heating
of the asphalt granulraeé is carried out from approxi mately 120C, or
the heating degree is reduced to approximately 120C, and a conbi ned
system madeZ up of a Seftteni figsagerforamdcached denidngtagent is used,
conprising the process steps in that a) the conbined system nade up
of a softentng agent Bapdkanhaplderi dgrageatpofdectriespect tke m xture

wi th construction asphahtsats added in the warm phase, which system
mutually acts in a viscosity reducing manner at that |ocation, b)
agents or agent Tpr epdraniomsidhatf ahe brguilhtat imoohet enpeyatur e,

hi gh-boi Il i ng, and cahaberamsxed wi th bitunmen are utilized as softening
agents, such as flux oils, which have a flashpoint (COC) of nore than
120C, and & mat eri al Hehatng stimomrfanowabt eimttlee usabl detéoper at ur e
range of asphalt, ductile-elastic to springy hard is utilized as a

hardeni ng agent = - BOighing the heated granulate
7 = Addition of hardening agent
8 = Addition of softening agent
9 = Device for weighing the softening agent
10 = Device for weighing the hardening agent
i1 = 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



c) the mxing tenperature and installation tenperature of the asphalt
m xed goods is from60C, in which the viscosity of the mxture is
reduced, and which increased defornmation stability is influenced, d)
a desired hardness of the asphalt to be produced is set by neans of

t he system nmade up ofugh%jﬁqugning agent and the hardeni ng agent,
wherein initially the softening point of the bitumen in the added
construction asphalt is reduced to R+ K, the m xed goods are
subsequently receives a higher stability value already during

heati ng, and the density of the produced m xed goods is
finally increased, and e)an analysis of the processed granulate is
associated with at | east one of said process steps for determ ning
the technol ogi cal target specifications for heating, weighing, adding
.of the systenms nmade up of a softening agent and a hardeni ng agent,
and/ or of the m xing conponents of the asphalt m xed goods to be
produced. 2. The nethod according to claim1, characterized in that
the respective m xture is obtained using construction asphalt w thout
any addition of new m nerals and/or new bindi ng agents/bitunmen. 3.
The nethod according to clains 1 or 2, characterized in that

hi gh-boiling crude oil fractions, such as |ubricant base oils,
byproducts of the |ubricant production, |iquid products resulting
fromthe processing of used oils, native



- 30 - products, such as fats and oils, or chemcally nodified fats
or oils of plant or animal origin, such as fatty acid nethyl ester,
or even m xtures of such agents are utidized. 4. The nethod
according to one of the clains 1 to 3, characterized in that paraffin
waxes synthetically produced as hardening agents or separated from
crude oil, fossilized waxes obtained fromcoal, recent waxes of plant
or animal origin, high-nelting fats and products produced there from
by neans of chemi cal nodification, having a wax-like character, such
as esters ahd arfi deshodyhrhetrPealty producediest ershahd am des Haei ng

wax-like propenid&sn E?eéé”&%f@%&e@o'@xg&é S}fgt e 2 QWdFFg?BFIQ{E}Xt%r

mass, such as polyolefins,” particularly pol enes ene
copol yner s, f@uchredugirty| e*ﬁ]@e Vi ﬁyan@acetséf-@Ctopgfyn@nsumand ethyltére

propylene QQRQ&M”% §oan§ {Qﬁﬁphqﬁg¥g§%aﬁ§£Q%mt%kgrggﬁkgé of the

aronatic, and m xe ydrocar on resins as ster dene resins,
recent re5|¢ﬁ§>ha§@chga§nlﬂb€t¢1fs viedretithe phepecaldng nmodi f Feds vardtatinons

thereof, suchas.glygenglia dp%p&nggw%@{ngie@&égrsn AL & HSBLsqu R i
met hod accor ing to oneo he clains aracteriz dO

a) approxi naft eley Asshkgtmxﬂllq@dagenuchsmmﬂ&laflrtuwaoml Qr aarubkb)lt
o 1o ok adelidabnat bl il Banl Lhe MG 06NN LI
proportion plus so t éni ng’ agent, such Tux il har deni ng
agent, suchthes Fioparafdtivrar ea spteld towachceai()e@dkg mzlhec:emstruuatchon

asphal ! Pracsaaed topbn! ek hich gontalns, a0ed B nd G e ospe  ana, o

agent/bitumen at a bi ndi ng agentfﬁl £iren pr opo
Mo = 48 6.t TFre metthod aI:fi:otrldé ngszbkoalanegm‘ntztllaeecllal merkitd Dut from

CharaCteri%ﬁ%ﬂ%@ihﬁ@gl§h%28589ucedt%sp%ea 1ng ggee 1s 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 is non-flowable at a usable temperature range of
asphalt, ductile-elastic to springy hard is utilized as a

hardening agent,



a) have a Marshall stability and a fl ow val ue according to the curve
illustrated in Fig. 2, wherein a value of 13.3 KN is already obtained
with a heating to 120C, which is signij¢cantly higher as opposed to

the stability value of 12.2 KN for conventional standard m xed goods

havi ng constructi I i ne i s r.as
opposed to tELe s%}%ginﬁi%{? 3%%?%%%%% én%NgP g{r’)g%g#vlg%t ?%%E%r?ngireeg ot
goods havi ngheorstahedtt oniasphadeqdd n iwhi €honhesMter dlns Waveh besre
extracted i it h esh_bi : b bul k_densi t
accor di ng ?gfl% eg(lc rv\%e%i %stﬁ?g?%%girr%glﬁa?u%?dm%?%i ‘ﬁ’Héd\lla Iﬁcér%%lseéj. 4
g/ cnB conpatabbendtg.anhetpbspety i ve istfdndarddyval ue of 2409 g/cnB is
obt ai ned upon heating to 135C, and/or c) has a holl ow space
reduction according to the curve illustrated in Fig. 4, wherein a
val ue of 2.9 vola Weomrat did wittes st ke coreyv erdphenial st andapdbdualade diss

obt ai ned up t] 0.A35C. 7, The nethod accordin one of the
clains | to&gt, hkgﬁﬂa#eg%%%r?éz.e %bys%ﬁjfee%uéngdgf "B g)%sttg‘ren %8%%?6%%@%% or
t he asphal tami xg geodsntogbegprodutedeiconpri sing the fol |l ow ng:

a) a device, such as _a.m.Lli cutter (1).for obtaining construct,ion
asphalt, b) a screen sﬁgl}lé%naj(]% 1i‘%oer Sggﬁg}éﬁ?%gp?lhnet r qﬁigfegl Yaih "
sizes fromthe constr udte enidasiphahnttruet 8321 -asphalt i) @edrasm uni R
(5) for heating the cgnstruction asphalt, d) a mxer (11) for
m xi ng the asphalt m xed’goods,

- the mixed goods are subsequently receives a

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 is 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 i1s 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 oil fractions, such as lubricant
base oils, byproducts of the lubricant production, liquid

products resulting from the processing of used oils, native



and e) a loading unit for |oading the asphalt m xed goods.

8, The net hod according to one of the clains 1 to 7, characterized by
the use of a unit as an analyt cs | abaoygtory (4). 9. The net hod
according to one of the clainms 1 to 8, characterized by a | ogistics
chain, Con&gﬂoﬁid&st,hesdcc@! | owi RYLPr QEESS 5 tse,pso.r chemicﬁ)lyo%@di@i%g

and/ or processing the construction asphalt as a granulaté for reuse.
b) Anal ysi sicftshepr eédssedgrannr apef oringet erioainngstde dechrdhogicddl

target specificati.ans . for the heatingesWek gﬂj&g,ag%qqisngrgfuéﬂq

ardeni ng agent,

systens made up of a softening agent and a

an

d.
/eor of

the m xing conponents of the asphalt m xed goods to be produced,
e) opti onal léV. th@’hgo%éﬂod()faé&ﬁfcﬂpl%al{bedorgé” E?ntthe claims 1 to 3,

characterized in that paraffin waxes synthetically produced

as hardening agents or separated from crude oil,

fossilized

waxes obtained from coal, recent waxes of plant or animal

origin, high-melting fats and products produced there from

by means of chemical modification, having a

wax-like

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 wvinyl acetate copolymers,

and

ethylene propylene copolymers, phenol formaldehyde resins,

aliphatic, aromatic, and mixed hydrocarbon resins,

sterol indene resins, recent resins, such as rosins,

the chemically modified wvariations thereof,

glycerol and pentaerythrol esters are used.

5. The method according to one of the claims

characterized in that

a) approximately 4.8 kg softening agent,

flux o¢il, and

b) approximately 1.6 kg (normatively 3%

binding agent/bitumen proportion plus

such

such as

and

as

1 to 4,

such as

of the

softening

agent, such as flux oil) 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$%

kg.

= 48



val ues of the asphalt m xed goods produced.
characterized by the use of a conputer

to one of the clains 1 to 9,

10. The met hod accordi ng

assi sted program having the functions of receiving the technol ogi cal

par anet ers,

according to the above process steps a),

t he control and optionally the correction

b), and/or c).

t her eof ,

6. The method according to one of the claims 1 to 5,

characterized in that the produced asphalt mixed goods

a) have a Marshall stability and a flow value

according to the curve illustrated in Fig. 2, wherein a

value of 13.3 KN is already obtained with a heating to

120°C, which is significantly higher as opposed to the

stability value of 12.2 KN for conventional standard mixed
goods having construction asphalt using only one softening
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 wvalue 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 value of 2.9 vol-%
comparable to the conventional standard value 1is obtained
upon heating to 135°C.

1 to 6,

7. The method according to one of the claims

characterized by the use of a system configuration for the

asphalt mixed goods to Dbe 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,
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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 wuse of a wunit 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 9,
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).



