Met hod for produci ng aggl onerates having rubber and wax, aggl onerates
produced with this nmethod and use of the agglonerates in asphalt or

bi tum nous materials 5 Technical Field The invention relates to a

nmet hod for producing a bulk material of aggl omerates havi ng rubber
particles and wax, especially in the formof pellets. Furthernore the
invention relates to the conposition of agglonerate produced with
this 10 process, particularly in formof a pellet, and the use of
this bulk material for the production of asphalt or of a m xed

material w . ] ! 8 hatina rabbemambwsx naggloingtates
havi ng i npr h’&é@"‘g?‘%’%"tﬁ?@ gg!tsgat?‘t t he agt 15, 1t i§ VRldspkgRwe that
t hese asphal t praducedenito dhisireeth@r@ncuse; of fae 288i4I8L%'0 SRprove t he
performance and durability in rgagniRustmaetiakn, for exanple, to
prevent distortions such as ruts and to sinultaneously prevent
cracking fromexposure to cold or nechanical fatigue. For exanple,

el astoners (e.g. SBS and 20SBR), plastoners (e.g., EVA and PE) or
rubber parti&di@gcdiFoerdtire recycling are used as additives. In
addition, a second group of additives is in use, which are classified
as waxes, e.g. Fischer-Tropsch paraffins, peat waxes and am de waxes.

These additives al so inprove the resistance agai Aetossmdhentesbut
show only | The ilneeiﬁionrf@‘aitf?ﬁ)@(‘f\/@ﬁ%‘ﬁ???rrpr?‘g‘fcfn&uaegglﬁﬁ% ow terrép?é(? ature

properties ng;ﬁmbttasr Gahbab bndwex} espetielly iadhke iment pelieistiEtheBRAYEnent .
C

An inportant effect of the wax additives_|i L PRitothid he
vi scosity ofhetimengpr Cﬁiﬁtﬁsé%ﬁ‘eth‘pg§@ﬁapfaéﬁqg<+%%g @?H%ée plr odlfijcrhiéeon

anddpr oqgssé@geise ggﬁircﬁxfarl{/%fonﬂdf% p@lldatoam thesisapf tHis bak iﬁtﬁﬁergﬁ@

producti on the asphalt mixture an ; ShSefd @r ola a
reducti on obrOﬁh@iC’@er@ﬁ@'ﬂ?'BW%WW@E@%@@@?%%&&%& This results
in energy sgyiRdsuandtdrRineaty pmrbvaiprepertbs.i npact . Basi cal | y,
the additives are honogeneously mi xed into the binder bitunmen before
5 the asphalt is produced or are added directly during the production
of the asphalts. The nodification with rubber occurs either in a wet
process or iSmtaofitlye prtocess. In a wet process, approximately 5-20%
rubber particles are introduced into hot 10(160-200 C) bitunen and
stirredifor 1-4 hours. Only a small portion of the

It is well known that these asphalts can be modified with various additives to

improve the performance and durability in road construction, for example, to

prevent distortions such as ruts and to simultaneously prevent cracking from

exposure to cold or mechanical fatigue. For example, elastomers (e.g. SBS and

20 SBR), plastomers (e.g., EVA and PE) or rubber particles from tire recycling are

used as additives. In addition, a second group of additives is in use, which are

classified as waxes, e.9. Fischer-Tropsch paraffins, peat waxes and amide

s. These additives also improve the resistance against deformation, but
perties of

waxe
show only little or no improvement in fatigue and low temperature pro

the asphalt due to the lack of an elastic component. An important effect of the

y of the bitumen and the asphalt

I
w

wax additives is the reduction of the viscosit

mixture at the production and processing temperatures. This allows a

simplification of the production of the asphalt mixture and the asphalt layers and



rubber goes into solution, while the rest swells by absorbing oi
conponents of the bitunmen. The resulting m xture renai ns honbgeneous
and requires continuous stirring until the asphalt is produced to
prevent the rubber particles fromsettling. The viscosity of the
bitumen is greatly increased by the rubber and is changes with
storage tinme due to swelling and depol yneri zati on processes, as
described by Diedrich in his article "The use of nodified scrap
rubber powder in North American road surfaces”, Asphalt Sﬁg%Qgegwlo.
In the dry praGess oftiepiodobiem parroeiseingdearei@lise dl's Sty imt ot he
asphalt m xer 20 and m xed wi th_Dbi and m nerals.

Di sadvantagﬁ%@§§??dfﬂﬂhﬁ$f¥%’OT?%%&EU %ﬂbe increased for attaining a
honbgeneous di stribution. Even when the mxing tinme is increased, the
time for interaction with the bitumen is too short to achieve ¢

swel i ng artgaesq%ﬁz%H%B@nﬂv@@aﬂéammg@nmsw ixed inde sy RpLALIUTRBLEYE 4
risk that t esired thick binder, fil | | @i gfghest rengt h
of the bindﬁeasdmﬂﬁ@PU@“@SQ@H?@V@&&dfﬂgggﬁﬁgggt?%g%ggality of the
rubber-nnditgggugsphalt produced with the dry process is generally
lower. 3 ToFavoid the di sadvant ages of the dry process, a naster
batch can al so be produced from rubber particles and bitunmen, which

is produced in granular form as realized, for ex igh, bldBess. In
so-cal | ed Tess padifipatueith rup8peesrcaiine) N %WB%FFP%E?%EAJE” ?epyegt edly

tried to suggest inpro iVE. wser ohrticiss pee intropuessHiRI . 7 1 ¢t
i's known frg%«@zﬁofggﬁ?@%%e{% ?rdtj)r?irfy rr‘gbb‘ i EQ?\%V‘ BMiosWetde ng
Wi th 2- 140%@00nea 1) widserear %ttﬁreglf‘HS%—(ﬂ‘Mﬁ'?nﬁg%I y bitumen in a wet

process, wherein 10 the presswelid iHegestedetesy oheorbioged calPeednd’ t he
m xi ng timeY99et %%esd?‘{busr?gﬁ%ﬁb\é\vﬁfi cation. D Sﬁ@‘@e"n%%é‘gﬁ@%tﬁ’res however ,
t he swol | entethinererpding cesitingempbie RS AP TYSE i s osi t y- r edugi ng,
the 1esi Stanse R9AL Boting SharABLEeMI s proaduarty reventiegipber particle

t enper at ur e§?”t{'W e’I's no conpatibility of r I tHérFePber and
15aromati ¢ @iohssditing. Hreeviseashy af th?é"tH@é? fshgrgﬁ\gplﬁ {%rgag%dv?* onment are

used, the product j.s. i f hatsvesmgaindbiepelasieligatpRdreETsers, 8°
stored, tr aﬁgﬁ'&%se\%%aﬁgra%eémé%&ed V\iih 0 SL LNk QRLorby Ritbal bowestiist
in asphal t niextritgdilyadiedrigpRdih@tirie B?\V%‘i/? ng. screw conveyl ng), the

product is ynsuli & far 1 diFssds” atiphbit 6/2000t6-10he asphal t ni xer
whi ch 20i nct@oé@eé‘%?'lr@nc@npl exity (tinme, energy, investnent for a

nodi fying plant) for the previous bitunmen nodification, and due to

the risk of dust explosions, such additives can only be deliuersgrin
this way as \aifd & ppesuser theyuarpaficiay W?ﬁd%g@chgyyné%ﬁ?erggﬁfs. '

20  and mixed with bitumen and minerals. Disadvantageously, the mixing time must

reased for attaining a homogeneous distribution. Even when the mixing

be inc .
tumen is too short to achieve

time is increased, the time for interaction with the bi

swelling and dissolution comparable with the wet process. There is a risk that the

binder films and a high bonding strength of the binder cannot be

desired thick !
modified asphalt produced with the

25  achieved. Therefore, the quality of the rubber-

dry process is generally lower.



25Furthernore, a granul ate including rubber, a process for its
production, and process for producing an asphalt m xture using the
granul ate are known from WO 1997/ 026299 and DE 196 01 285 Al 4
Accordingly, a free-flow ng granul ate of 50-95% rubber and bitunen or
pol ymer plastic (thernoplastic elastomers or plastoners) is

descri bed, whose constituents are evenly distributed at tenperatures
> 130 C under exposure to shear forces. Up to 25% additives may be
present (sulfur, vulcanization accelerators, heavy oil, 5fatty acids,
cel | ul ose fiTeenve)d thEisagvamtages o theynbuogrsspamegtdr PaiFsa $at is
honogeni zed o %hg?ﬂoﬁ%.lulbx £5: L1889 @bitdndH WhidhasBRIdatEd B drandakibeader
or by pressWﬁ%L{ﬁe PhdiVviaua conponents at a | ow tenperature (edge
mll, orifice rphlate)for Farsplal indhe se-halledalfereactRiPEHSf rubber asphalt
m xture for road surfaces by adding the granulate in the asphalt

m xi ng process to the mnerals or to the 10bi tunen. The di sadvant ages
whi ch operate agai nst a reduction.o I [ RVAR-YaTe he use of
em ssi ons amPegErInBXRDIR %Fée%%ﬁi%é‘%f@g té(g\%/%?%%{e%rng. éI"ArgJE g]\(ljvdi tion,

oi l'y consti tyssdrSormyphbigs.r enoved from the bitunmen, which may cause
har deni ng of 15the bitunmen. Wen the skilled person proceeds
according to the nethod for the production of hydrated |ine pellets
for use in asphalt production and/or soil conditiani pel ing

t he hydr at edt isiknewafr@meEBi iRfsy 2181 1 'BO‘E‘%Y GO p&&V@SF Q’?%Vgg'{’@@h@%u, S.
20200810216712; Alomdie 19uhd t1etiisequéhatmayfimittedn lin aevel pyacevs vherrin

wat er resistance of asphalt and the adhesi of. the Dbi e
mi ner al sltandhe Reerswellmaiedsree RECTREPHITS aB(g &MEG qggé @q&éﬁ Lge)rp(jryl‘.|The

bi nder may hﬁ(?(ﬁﬁ oMabighdRasR’EQEly ysiveaphobi ¢ and may i ncl ude at
| east 25one of the follow ng conponents: bitunen, plastoners,

el astomers, rubbeie sWslieundbbdrpewdatsbes nopnesessarty WECQHYIPRHANSG e
rubber. The pellet may contain up to 30% of an additive (aliphatjc
mineral oil dist ifid msisfanskagponteefomeatigsioiperesd fiABRFN ! ?‘B?H%é‘é{ﬁ’ed
rubber tires). It may al so contain as an %g%l tional conponent:

rheol ogy nodi fi ethere & peerpalibityel PPRFAN I TERt s, dyes. 5

aromatic oils that are harmful to health and the environment are used,

15 -

- the product is in a form that cannot be easily and safely stored,
transported and dispensed with systems that typically exist in asphalt
mixing plants (pneumatic conveying, screw conveying),

- the product is unsuitable for direct addition into the asphalt mixer which

20 increases the complexity (time, energy, investment for a modifying plant)

for the previous bitumen modification, and

due to the risk of dust explosions, such additives can only be delivered in

this way as a fine powder by complying with costly requirements.

95  Furthermore, a granulate including rubber, a process for its production, and

process for producing an asphalt mixture using the granulate are known from

WO/1997/026299 and DE 196 01 285 A1.



O ls and waxes are nentioned as suitable organic binders for the
pellet, and the pellet may in one enbodi rent be nmade of a core of
hydrated |inme and a shell conposed of the binder, wherein the shel
may in turn be nade of bitunmen and 5hi gh-tenperature waxes. The
expert finds no evidence in this analysis that would lead to a
reduced viscosity and an inproved resi st ance agai nst deformation.
| nstead, he nust conclude that oily constituents can here al so

di sadvant ageously be renoved from | ethe bitunen. Furé?er nor e 1V>Qer

94/ 14896 andcGAdRgly52 frEadlodingyrasdate ahdPhRRMe réhoeh ABYRIVHRGN g7 POl

bi t um nous ¢ 0sitio I FOMR §6dcaped,iwhese apestieants
swol | en by ngg{')? ﬁgerz&nr?giass%gpa:%aoé‘p]@r%rogaﬁi@?ﬁ{eygéromati?: h gr c%rrpoggesoi I
and at | eastrepareniyadibtyiblitSd ep tHnyprspiuRST %lcs“?l%ecr@f)%ﬁurg ° %l‘espersed! in
bi tumen and a .canpat bl b4l 8JulcanBton hicenestess aegvy @,
crossl i nki nb%a{agg?" %@ﬁdgg%g%ydé%b&%bgr(ggﬁpt 0 Oggt ai nn adcst oraarﬁg-ss(ggtgé e

bi nder. $o- ¢alyleetisneatubrsedtbermsThe gTRNgstegn9y bf BERPEEd O AAbTT Z(taw
rubber in bitunen.a : i itS Hi raitn@ ia apelehedr oxiby h
fillers and hB@P?%Zéoemg(B%E%%vcomlm S i @Rho

rs. antages for a reliable ¢ ot i
ener gy savi pgssingede reiidual §@méﬁ@9féﬁ1atEf'@%’itEWﬁﬁ@éurﬁg%ﬁ?%esrgmg@?yF 4 on

can be fo”f‘%;ﬂu%@ﬁ‘fﬁé%%ﬂ@%‘é%& of RibBER4dpRaloimbsunatiociad serfacasiul  t o
nmen

heal t h/ envi ron are even used. 25 The paten T2
rel ates to addiegherigeoras @dt]@iaﬁ@“ait @W@ﬁﬁ%cres?hqn%r&ﬁértaﬁ?g%%;end its

use in bl'ot“'ERUmeﬁ.”d di scl oses the production of rubber granules, e.g.
fromscrap tires, and a thermal adhesive (polyol efins, PE, PP, EVA)
with optional addition of fibers in an extrusion process. The heat
generated by friction of 80-300 Cis intended to nelt the. hot rrﬁalv{
glue. 6 Polyyeldfddnaniagesehah dpecateagainsta eRCPNSE 63 YISCO5HY EHALY .
There is still a risk that qjl el erp weshdittoonoilyhe

bi t unen, ca@éﬁ‘ﬁﬁoﬁa?'}fe%?qﬂbm%!‘ontgﬁgggia?l?ﬁée%@eﬂl a thr@(;cess for preparing
bi t umi nous rdoxstliiets osydd rendyed ramethe PEMER, "%C@T@y@afjs‘? ﬁarpar"ﬁgcul ar
road asphalt it h %he addi tion of rubber and activated carbon, the
acti vat el cé?%yﬁum%duces vapor/ gaseous em ssions in the production of
hot asphalt and elution of harnful substances due to water in cold
asphalt produced 10 with tar-containing recycled asphalt. Ruc{:})ﬁcber i.S
here added tygpthechadicaigessal procéats acoortimg thitheumeof dgfeh R eFoAMHH! Ar
separately fromthe activated carho r ] bi dWiohingtolye

bi t umen. Hovgeated W@@@b‘?t?@rr‘és&dg?ﬁé}kagtf%@%Lfcs‘bgﬁﬁélgﬁg?lﬁ%ﬁeasedgtbly

resi st ance a}%b{h‘j the efyaraied lims aade iader {2t fghto 69%) according to the U.S.

20 2008/0216712 A1, he would notice that hydrated lime improves the water

resistance of asphalt and the adhesion of the binder to the minerals and that

rubber and wax in this paper act as a binder.

The binder may here be water-based or hydrophobic and may include at least

25 one of the following components: bitumen, plastomers, elastomers, rubber,

ground tire rubber, pre-reacted ground tire rubber. The pellet may contain up to

30% of an additive (aliphatic mineral oil distillate, plastomers, elastomers, rubber,

pre-reacted rubber tires). It may also contain as an additional component:

rheology modifiers, structural additives, solvents, dyes.



15In a mastic asphalt according to CH 694 430 A5, through addition of
rubber granul ate, preferably fromscrap tires, the | ower density of
t he rubber granulate in conparison to the mastic asphalt is surm sed
to cause an accumul ation on the surface of the asphalt |ayer in order
to produce a nore elastic surface, noise abatenent, inproved anti skid
properties. The expert repeatedly failssto find 20suggestions for
reduci ng the viscosity, increasing the resistance agai nst
deformati on, sinplifying storage and transport, inproving dispensing
and preventing hardening of the bitunen. The foll ow ng
publications also fail to disclose aspects that uld,obyi
25previouslymamaﬁyzadsdFS@évﬁﬁﬁﬁg§§W“am9P“ﬁ@éﬂﬁ%@%@B”ﬁp%ng%ggggﬁan
asphal ¢ vi t 0., 2 SATRARCHLGRRANY teaRid, orefieebidacdtiine andmpdiRint of
adde

t he epoxy r&€In | to the asphalt 7 mxture an . er
i s i ncor por abedosad ¢ftee bodaf, gfheseiy %h%@%@%mfngs%ﬁ%e‘g%?‘hﬁr%ﬁ% gr
particles, . .~ QpOB841 A, wherein a lattice bottomplate

pr ot ects%t hg’ghﬁgvﬁaég%r%f aceg and reduces noise and i nproves the grip
and wherein the plate is 5produced fromscrap rubber tires and

pol yet hyl ene, JP 10338812 A with a materismellablﬁ conposhtiqp and
"wat er st op TRBleRpératifdcansvigenaegn dfis aaziess SiREVPHH| LR B Unen,

terper atur - sens) t e, eonGer seislREL UgRG dekbbetoetead nfoniciing
wa

fillers DE AP°3% I sCl oses er - swel | abl roduct s ' re
however 10r eshdtddthangibi mstim:an@rcaamrer@ﬂﬁ‘}d@ﬁ%‘fﬁf%q% “%S?’etrﬁ@%é&#orﬁ

manuf acture of, seals with solid or cellular structure, wherein a
bitunen]@nuﬁ@?g M al so used as a reactant in lieu of water for

nodi fyi ng the product properties and wherein e.g. rubber powder can
be added as an i nexpensive filler; however, there is no reference to
asphal t, and: 1EDE.&4, B/ 690465 dic CATSE32, THediprbpricad fel PR PRR'E @

produced by m xing rubber material pi XALREh M6 BY
tires, and PHUREINSFPERCPECR; H§F§P3§§%§§ggT%%??EVA, SBS., 0

heating and shearing in a highly aromatic hydrocarbon oil and at least partially

15  depolymerized. This material is dispersed in bitumen and a compatibilizer (liquid

rubber), and, if necessary, a crosslinking agent may be added in order to obtain a

storage-stable binder. So-called masterbatches with 256-80% dispersed,

stabilized rubber in bitumen are produced, which is formed into a pellet with fillers

and polymers.
20
No advantages for a reliable compaction, energy savings, reduced emissions and

resistance against deformation can be found. Disadvantageously, aromatic oils

which are harmful to health/environment are even used.

25 The patent DE 601 21 318 T2 relates to a method for producing a granular

rubber material and its use in bitumen, and discloses the production of rubber

granules, e.g. from scrap tires, and a thermal adhesive (polyolefins, PE, PP,
EVA) with optional addition of fibers in an extrusion process. The heat generated

by friction of 80-300 °C is intended to melt the hot melt glue.



Lastly, the U S. 2010/ 0056669 Al discl oses produci

pellet for 70 asphalt production, which is gonpogeggo? Ztgg?ge stable
conposed of 15-30% ground tire rubber and 70-85% road construction

bi tumen, and a shell coating the core, so that the pellet has a
maxi num si ze of 1/16 to 2 inches, conposed of a water-resistant
polymer or wax, or fine particles. 25 The aforementioned core
contains less than 10 wt.-%sulfur; the fine particles are hydrated
lime (or ground asphalt [Claim4]) naking up |less than 40 w. - % of
the whole pellet. 8 The pellet nmay al so contain rock pomder;

addi ti onal bitum nous binders, non-bitum i
a1 11 voe, Gymeiarosbas a1 oowsrt s eihube! Sihor [44SRt EH A

non- Newt oni an b Vi i ~ ni

el ehysag ohaenide sf t
Thus be. conl i et TR e P R Saee 1y reducers. The
process for bjuregaring these pellets includes procurenent of groﬁnd
tire rubber and road construction bitunen, reacting rubber and
bi tumen for at | east 45 10m nutes, conbining the reaction m xture

with fine ticl - )
shell to f g?r;@ Ip?ﬂé:g%%fq? @Egga?lnﬁé%ﬁgrﬁﬁg)gs {@f&g@l@@éd iRdhd PSteRODE 4Wid0B18

- . d i
ﬁﬁhﬁel ;ﬁgef a@gt Wt;(e@ﬁcx.ﬂefrleoa@ﬁkmat, yith n@aaddﬁ@rn%ﬁglchl?ggﬁgiggfg’la\%ﬁdlt%%l’ou”qes
, ana optlona t i ti it :
iv tgg &5[%@ degﬁ%%q}afp'SQQas%fouggﬁlﬁs%l&_@%4: theSlvbduotien of Adie

material forfh& 3 : .
crude oi | waphafice elifdon @muhrrsas@btbst@nc&ﬁgﬁgﬁ%wg@gggflfot‘l\%\g%p%}tpg‘r’d&%e’
coponen O&ﬁt&; aergg)léwg%r%agfrgéy&%eas%ﬂél?ahht%lar e bagéd e hithommimesad

rubber, Pec X 1’sS kKnown 20 to b i
, e usef
t enper at ur egribow thébitpmepargethes it SéP%’éWb}ffﬁgﬁ 8%9" adiRbed TS he

previously mixed with the bitumen. However, viscosity-reducing effects and an

increased resistance against deformation are not taught.

In a mastic asphalt according to CH 694 430 A5, through addition of rubber
he lower density of the rubber granulate in

15

granulate, preferably from scrap tires, t

comparison to the mastic asphalt is surmised to cause an accumulation on the

surface of the asphalt layer in order to produce a more elastic surface, noise

abatement, improved antiskid properties. The expert repeatedly fails to find

20  suggestions for reducing the viscosity, increasing the resistance against

deformation, simplifying storage and transport, improving dispensing and

preventing hardening of the bitumen.

The following publications also fail to disclose aspects that would obviate the

25  previously analyzed disadvantages:

JP 2004060390 A discloses an asphalt with a 2-component epoxy resin,
in the main component of the epoxy resin is added to the asphalt

where



asphalt from about 325-300F (162-150 C) to 280-250 F (139-121 C). The
above- nentioned reactions of rubber-and bitumen shoul d be perforned
at high tenperatures of 350-380 F (about 175-195 C). 25A skilled
artisan will deduce fromU. S. 201010056669 Al that already a
pre-reaction of the rubber can occur (by mxing with hot bitunen),
and the addition of wax to reduce the tenperatures for producing and

appl yi ng asphalt has proven successful. 9 After thorough anal yti cal
i nvestigation, however, the skilled artisan w || recﬁgg}ni ze t hat these
so-cal | ed pel | etrsixioe not thepardsmarts moomatad pdhe rm & SYATRG 258Phal t

i nto rubber asph Itfb@ﬁt{t%ﬂrébabtp LtiQueki nd of binder for producing

pel | eted asphal t? pree ents the binder of the asphalt

exc| usivel y or wd E‘odéo%b%i‘f/\?‘@ﬁéﬁeirp@%lttioferb@ﬁbmme@fotbctts threetpaveshi ch

| eads to di sadvantages. rrent storage systemns, con ; eIEisand
o1 611 ng Syt e BcespRHERUmSaa FRORISSR S n0E: SONEL P oLt 53D S he

use of a_solid, iSRS rubd TiRe Hii ddlyethydartel san expert nay
i nfer herefrom ﬁ%gﬁ%ﬁﬁognpogggir?unen hardeni ng, but not in

conj unction wi_t hp nyegsabedwrneiwdtergsweiagn compnsiiersend oYRIE $iPhg t he
WO 2010/ 023173 Al, no appr.oaches for L t he . hH hanwbsrdibask are
found in the conBrieael GANYFINHY AT 292‘89{%& ’r&ghrt. s’oﬂm):es. The

| ast - menti oned pyblsitgatchrandirs,ahasdisg abbet and e CEerBesi tion of a
"wet process". Disadvantageously, a rubber-nodified finish i r

i s used, and t.hepEsEr32907 At disiohes waier VAR %’Hpuﬁée‘ﬁg‘cgﬁ%ghd‘%\(iignal
bi nder tank for storage  why ! sual bierfiohls drahé atanefactheptse

al so a I'8ck in frleéfgadlqﬁp?'ﬁ@"f\g%egg?djust n%nt? 20 since onl vy one bigder
with a defined rwhibesicarmsiner stricweanergindep e HaFaIEdE"cPass Ts

contained in the tank, .As,. iBefor HicamdNgMeagedudt bropertesangyvhemin a
modi fi cation facf rﬁc}}anéﬁi"(%eéﬂ{’% ed for ?ﬂe@pr oduct.i N&er there

i on, Of
bi t um nous conposigt ubber W@@v@tﬂ,betéﬁ@eg\ﬁéIaPi‘?@DSPS‘Y%@Ie?U%%’\ér does not

prevent ed hardenjn RidABR day renoving oily conponents from
t he bi tunen. The'svrg)s%gesf%{‘kge of %5 the bitum nous conposition renains

the sane as in appOWENEHE DR disdibtee themdphistumbierigveriodunsd BYdNKGe

15 ,
reduced. = 10 rubber material pieces, for example from scrap tires, and a thermoplastic

binders, such as PE, EVA, SBS.

Lastly, the U.S. 2010/0056669 A1 discloses producing a storage-stable pellet for

20  asphalt production, which is composed of

- a core composed of 15-30% ground tire rubber and 70-85% road

construction bitumen, and

- a shell coating the core, so that the pellet has a maximum size of 1/1610 2

inches, composed of a water-resistant polymer or wax, or fine particles.

The aforementioned core contains less than 10 wt.-% sulfur; the fine particles are

hydrated lime (or ground asphalt [Claim 4]) making up less than 40 wt.-% of the

whole pellet.



Description of the nature of the invention It is the object of the
invention to provide a nethod for producing a bulk material of

aggl onerates fromrubber particles and wax, especially in the form of
pellets, 5as well as a novel conposition of the aggl onerate,
particularly in a pellet, and use of this bulk material for the

manuf acture of asphalt and of the inpragved asphalt or of a m xed
material with a bitum nous material or of a bitum nous material,
wherein the rubber particles are conbined with the wax such that

the rubber particles are activated w thout substances hazardous to
10heal t h/ envi ronnment and are honpgenepusl|y. wetted w .

aggl oner at eTh¢ Rellet Fayi$9 @qréa'eéwwvgd@&ﬁgﬁ't‘aﬂ%ltbﬁ@ms‘%‘grb e rsétgglﬁl y and
safely, and camnbhs Shaeenseetwil dudidies sqyes esaits lisosity wodifiges | y
present in Phe asphalt mxing plants for the direct addition, the
manuf act ured asphalt has such conbined function effects, which

15i ncrease its resistance agai nst deformation at anbicgnt CE%FR%E% ure
and i npr eveMaheiagspittahen-tlewtansan behayios g PERLONGE: ¢ HePAETAVE €4 T ubber
particles and their | i (Mo di et cbbiey dedticeren, wherein
oi |y consti f{e g bgrcgﬂ%@?éé gr%[t):(/%&?%gﬁm t he bi turregl in the asphalt and
t he bi tunen does not harden, and 20t he beneficial effects in the
agglonerate result in a logistically nore flexible incarporatjon or
processing trhe pasebatdr pespapigaherexetietsandudealProguremantal GIRHTAILS
material or of a bitum nou terial i digkuR@ntibcatl east the
di sadvant agé4bgege? f%é’ocqnﬁﬁ‘('?:{gm&'tg%eaOJf%?%r%IS%%%%bSSAI are el ininated,
so that jpedysadedabamningthefrebti@rbnixumenithiing pergeigs FataMd e P GnHh

conponents during the swelli i ridaber does not take place,

swel | i ng of CPH&‘ﬁD%B%?e“@@‘%éﬁ%h%JPw?ﬁﬁmi mplicitly by the added

bi tunen) cannot take place, 11 the resistance against defornmation

due to wax is not inproved, an optional addition of fpoI yoct enamer to
rf

i nprove t he tgampatddidr ibfoteingtisbrae mcrdds thebineefadiarsofibe peligte byl ace,
and heating and combining with minerals, and optionally the addition of additional

15 bitumen.

The material for the so-called shell is supposed to include, inter alia, crude oil
wax, Sasol Wax and Sasobit, and also Sasol Wax as a component of the binder
for the so-called core beside bitumen and rubber, because Sasol Wax is known
20  to be useful for reducing the temperatures for the preparation and discharge of
asphalt from about 325-300 °F (162-150 °C) to 280-250 °F (139-121 °C).

The above-mentioned reactions of rubber-and bitumen should be performed at

high temperatures of 350-380 °F (about 175-195 °C).

25 A skilled artisan will deduce from U.S. 2010/0056669 A1 that already

a pre-reaction of the rubber can occur (by mixing with hot bitumen), and

the addition of wax to reduce the temperatures for producing and applying

asphalt has proven successful.



only a small fraction of maximal 30% rubber is possible. As part of
t he technol ogi cal chain, such as the aggl onerate production, the
aggl onerate conposition and the production of the inproved asphalt,
benefits for the processing and reliable conpaction, energy savings,
reducti on of em ssions should be attai ned, dust explosions avoi ded
and pneumati c or nechanical 10 conveyimng (screw conveyor) can be
realized in order to reduce conplexity, such as tine, energy,
investnments for nodification facilities conpared to conventi ona
- bitumen nodification. This conplex object is attained by the features
of claims 1 to 23. 15 The nethod recited in ' iz
pr epar at i on ABE" ROHoR %’?&%P"i"é’lweéf‘gai@ai %%%ng’gljé@%‘ﬂﬂa% Jlrﬁ%rt\gg Tl gge?
particles apd;wseWoldaiad soldtdtd noakpasepaimiddiyever Boditsingrephalt ki y

mneral oil paraffins, Fischer-Tropsch raffi 1 Yerswhigeat
waxes, pol yremenagelt birafier aiing %%&dgf)%r%&dgg@ﬁpi%ﬂ%tggfe; reaction of
70t he r ubbereRasdrisirRspiaa oadd ddphnit ofcluwvely arseth limitddeaadtionA 3PN
fraction of rubber particles chani cal h BreaC 86H@06e

W ih the ol &f R BTSN BRE 1T UHELCoRe EERDY OLES sy Soperestey
activation Qfstbie ahtbhaerify systehs bhaspanid nbjnaiBiRA 26 SRt ad it
from napht heni c or %’%ffi ni g E}'ﬂgg‘r al oils, recycled lubricating

oi I's, natur e a9 D YEMREPTIRG paraffins fromthe

Fi scher-Tropsch synthesis, b) coating of the rubber particles
activated by swelling with a nelt of viscosity-reduci ng wax and

opti onal 18polmgg§<fﬁgggﬁfsan ckRert na3ggone b arteathinthel hiibiseraantic es
activated by swelling wth the visco |té|-iredu0| ng wax and opti onal

adhesi on- entrahestrig caritestion) wihsiniegraled PESTME or pol yi sobut enes by a

bl endi ng or m xi ng action or by ‘application of pressure such that the
swel Iing agent penetrates into the interstices of the rubber '

mol ecul es agvgﬁ&g%%oaﬁ?olec LERH iesWaP a6 to/0i e 3@ttt haeppreacidyfer salling

forces are nterrupted, so that the resylting |lar
vol une causaise wlipeihgdasioareifaund Hdoe P‘t’f?b‘ﬁﬁ?}’rt‘Pféh%a?%{@ﬁdrf%'%%ﬁ%gémg&

nore intjnmate and honogeneous wetting with the wax, wherein d) as a
surpri silr?g and inventive conmbined effect in the agglonerate due to
10t he gr eat ef, MoLiEniloRadipNgIid00R diserdsed b bhurpihotheompediii @y Wl due

to the softening, a nore intimte and homge iR ' he
wax and an inie¢ess’s dlisadvapiaoppysiva rHB&%émn%ﬁi$ﬁggﬁefd%ﬁ§eérﬁ%%gefQné

ol ecul es Wi j 1. QNRe 3BERAIEMI @ EpIBRtbeaedn adbisoral binder BnkfPrederaps: t he

basis of, or the potential for, the advanta . i
asphalt to behighisdisealy netvalahiseeis gl 2 g %ﬁ&ﬁ%ﬁ?@%ﬁ&%ﬁmt

COrrpoundZO Orsiri\c% cﬁll)b@)rﬁélﬁﬁaeﬁ@iﬂpﬁ'd@ﬂmed rubber concentration and a defined
hardness class is contained in the tank. As a further disadvantage, time, energy
and a modification facility are required for the production of the bituminous

sition. Moreover, the swelling of the rubber does not prevented hardening
y of

compo
of the bitumen by removing oily components from the bitumen. The viscosit

25  the bituminous composition remains the same as in a conventional rubber-

modified bitumen, and is not reduced.



According to the nethod, by adding wax, a layer is forne
B B ) B ! d on
Lubber_ltems activated by swelling. 20 The rr)ét hod is further itPrgroved
y adding 1 - 50 wt.-% preferably 25-35 wt.-%of the nelt of the wax
][el ative the rubber fraction. Addition of polyoctenaner with a
2r5ialgt5|\(l)vtn 01;/ 1-50 wt.-%in the wax nelt, preferably with a fraction of
25 35 tb-fOI nht he wax nelt, is al so adgantageous. 25 Mreover, it is
usetul I urther add 0.1 -5 wt.-% of adhesi on-enhancing nmaterials
o anpl e resins or polyisobutenes, to intensify aggl onmeration. 13

e wax mel Deshoplioh béthedortare of theanvensing particles to be activated
ggrts:/vg{]: :aplg W![thl n alblout 2 - 3 mnutes. A mxing and bl ending

0 a pe i i

particul a leth 2 gd eet can occur by 5a heated nechani cal m xer,

heat - gener aﬂt,n:’ﬁ&\erﬁ og@efl?\fqptuf)raﬁ ;?ﬁ%@i@r S%Qn%hgd ffr H\%‘ Phulk Hateriah
m X 1 i xers “or turbg
ers. 10Thegdisthéiess fedm wabber (pattlhkﬁsraubb\e:ix ganecially #sthg ellets,
formati on of aggl onerates are |tp it He
steps. The &5y ﬁé@d%%/eg?%fe.%sét b%/t %]ggdn(g[\%&% ?gﬁxgggﬁ&}(ﬁa Fﬁ%@@ﬂ
P:\ega;na;: (r)]” uQ{z oRERIIIK fatsrisbidr tiremacdapoenasphalbagholdhe EBRTOXeRi t i on
gﬁgﬁ;l%%gj{ogralrvx?ﬁ nﬁi‘%’ air!] Hih a ?Uﬁﬁrﬁ)ruF M Redd OpbftélﬁittﬂﬁlHSUS

mat eri al s, ormo | et nmade of

particles a%tw,,wmdmlth@Pumbespartxp!@bbeerc%@ﬁ”ﬂ@%w@%m?d’\‘ﬁ’hﬁj gqﬁ?}rtl cle

size distribution of between 0.05 and 5 mm
the rubber particles are actlvated without substances hazardous to

10 health/environment and are homogeneously wetted with wax,

the agglomerate like the pellets can be stored and transported easily and

safely, and can be dispensed with the systems that are usually present in

the asphalt mixing plants for the direct addition,

- the manufactured asphalt has such combined function effects, which

15 increase its resistance against deformation at ambient temperature and
improve the asphalt due to the properties of the activated rubber particles
and their intensive interaction with the bitumen, wherein oily constituents
are not removed from the bitumen in the asphalt and the bitumen does not
harden, and

20 - the beneficial effects in the agglomerate result in a logistically more
flexible incorporation or processing the asphalt or of a mixed material with

a bituminous material or of a bituminous material.

In this way, in particular the disadvantages described in the U.S. 2010/0056669
25 A1 are eliminated, so that

- reduced hardening of the bitumen by incorporating bitumen components

during the swelling of the rubber does not take place,
- swelling of the rubber by added oil (but implicitly by the added bitumen)

cannot take place,



a nelt applied into or onto the rubber particles fromwax having a
fraction 20of 1 - 50 wt.-% based on the rubber conmponent, and an
absorbed swelling agent in the rubber particles in a range of 1%to
100% of the maxi mum absor babl e anount of the swelling agent. The
aggl onerate i s advantageously prepared within 15 mnutes as a bul k
25material with a dry surface by m xi ng;or aggl onerating processes.
14 For the preparation of asphalt, a bulk material by m xing with hot
bitumen is used, wherein for reducing the tenperatures for, the
preparation and tappésistat¢eoagaiist chtormsimiadue oty inggl BIRE?GCes are
added directly in the asphalt m xer during or after th i tion of
the bitumen wi-t mrao@tioawetNﬁi\ti%‘fofﬁolyos@naﬁ‘?g q‘mBFOé(FgP%%?@p%%ﬂw %’D
Sfraction of 5 -.,20 ;A BAEEHAM bRepidcy@ml fraction. The
technol ogi cal usage 1s rounded out by a nethod, in which a) the
addi tion occurs G 8 shRillseeondst pakionl 3% ritbeatdiassdle: of the bi t unen,
b) a rapid disintegration of the agglonerates, a pre-distribution of
rubber 1@particles and a thermal activation of the rubber are
performed within this period due to the hgghen te erﬁﬁﬂﬁﬁyﬁ t he

hi gh shear Pempaesf the) technalegicalichpiRgSYNASES 289 CTRE a8phalt, 'the heat
|iquefies the wax b g§ﬁ1§ﬁ%ti6}#15%{rﬁé Jr6HREEh Botht epambil waphsd, besis for

particles, e rubber particles activa ~is¥Bhd 1 Ng
produce an ihe mnséssindlBidhebakle cPHRACNcANHYY 3%@'@30%%%89% Jt5)1{1eeht“§e

bi t unen, ac\%éﬁ&ld be atiShetiNGudTieXpiBYoh e ARAdEAL andepriesiniatic bhevechatieal of 130

to 190 C. a mxed asphalt material. or. a m i i tdc@
bi t uMen 160NEONEYINGt (RereHERIYAY S S SRR E?@HZ%C{JT %@Ergg%@% %lf)ﬁ?‘reg\g%cs t |C on

tenperature 8fi67]e29 L3y 230cSemetis far Medfiestionitacivim aotiparedith CanYaRge
fromos to f é () ’h? d'tensile splitting strength in a range from 1.70
to 3.00 N mptumep mpdifcgdpte splitting strength after imersion in
water in arange froml1l.5 to 2.5 Nm®, and

This complex object is attained by the features of claims 1 to 23.

15

The method recited in claim 1 for the preparation of a bulk material of

agglomerates that include rubber particles and wax with a solidification point

above 50 °C, preferably mineral oil paraffins, Fischer-Tropsch paraffins, amide
waxes, peat waxes, polymer waxes, esters of glycerol, by swelling pre-reaction of
20  the rubber particles and addition of wax, uses at least one screen fraction of

rubber particles mechanically generated in accordance with the claims 2 to 3,

and includes the method steps of
a) activation of the rubber by swelling and by using a swelling agent from

naphthenic or paraffinic mineral oils, recycled lubricating oils, natural oils

or low-melting paraffins from the Fischer-Tropsch synthesis,

b) coating of the rubber particles activated by swelling with a melt of

viscosity-reducing wax and optional polyoctenamer,



25]) a resistance agai nst defornmations, neasured as an el ongation
rate in a uniaxial conpression test in a range from0.6 to 0.9
*10-4/n Too. 15 The process for the production of asphalt or a m xed
material with a bitum nous material or a bitum nous material by using
a bulk material fromthe produced agglonerates is determ ned so that
the swelling agent penetrates into theipnterstices of the rubber

nol ecul es during m xing, urges the nolecules apart and 5reduces or
interrupts the physical attractive forces, vyher(z'hn reduct iitRnheOf t he
viscosity is prodagenetdtan of hesthbrreartelasasivaigdqy SAELPY M wp to
180 min and wher gin, g —rrécﬁlgziﬁd"\ﬁai sslushtipRl Afhetkina-enhacdsy tmatesfafsestichve
over this tinme an 1ncreased stability

of the cross-1.inkij f the
rubber nol ecul esasrasinsed®biaRetengs P¥2 B LY R H CF ﬁggpby

aggl orer at es, ac%@gnamrﬁgf Dsurs sali thiat the SlveBing hgentfreneisias insathe
10l asting up to mn, is obtained. Thus, the as'%g L LieMa%aRliht he
[ S

m xed material wintérstiesafitioudbeoRAESHIES BRY BIOSE Y BPT AT RS _
conposi tion nmay gxhifid piysic@ptdrddsaiie Fetiuche ovinteapiddy sothat e resulting

bi t um nous conposition relative to its initial vi S| e
i nteraction wit hlabgariyotumee FRERER fﬁﬁﬂgc“ﬁﬁf%}“?%ﬂs'%ﬁag ﬁ}%eéo&%@%a%ﬁeﬁe

reduction in the stRatidy aRehdgogérale wietingwpthttoe wB8OWREAIN n t he
m xed material, as well as increased stability of the cross- éi qki ng
of the rubber gpheewuasisanoarstiabértivegombined effgelin Hie aggiqiagrate due to

conpositions with aggl onerate I ; G&its Whd doe to the
20t r eat mént of tfrﬁqu'gétef SﬂP@se%%é;@s{%?)a%%ﬁg&{dﬁi&gﬁ ﬁ?ﬁ n(!)tZs corr%%%é jons

and appl yi ng m nesfdrsng, Breorelibtieatepaditioniosenaeyp wailioh il Hisd”

processing scrap tires r e f hbRSlledvitamieent
t enperature, becéﬂ?éeéasfeﬂ%g%ﬂ”%é{#%? %@nﬁ%&ﬁ%gﬁbﬂm he fggfé’lgd xhi pi t

unfavorably | ow susthacalevobdued ehirsd thiprrifectisbs PHAT o4 %}nt;al
therefore swell with 5-100 - 9% A8 pducedpibaseigedn
Wt ezt tg%%, brrdisah & @llphal & 80 pducedfi

the rubber fracti¥ enic mneral oils, Raraffi ncijc m ner al
oil's, regycled | ubmétatithg itunsen eraerauar. @iip @ PpRERFOIPPYLY- or
paraffins nelting at 20-40

According to the method, by adding wax, a layer is formed on the rubber items

activated by swelling.

20 The method is further improved by adding 1 - 50 wt.-%, preferably 25-35 wt.-%

of the melt of the wax relative the rubber fraction.

Addition of polyoctenamer with a fraction of 1-50 wt.-% in the wax melt,

preferably with a fraction of 25-35 wt.-% in the wax melt, is also advantageous.

25

Moreover, it is useful to further add 0.1 - 5 wt.-% of adhesion-enhancing

materials, for example resins or polyisobutenes, to intensify agglomeration.



16 CC fromthe Fischer-Tropsch synthesis, and then provi ded, based
on the rubber fraction, with 1 -50 wt.-% preferably 10- 30 wt. - % of
a nelt made of wax, including an optional addition of polyoctenaner,
and aggl onerated. 5The fraction of the optional polyoctenaners in the
wax nelt is 1 - 50 wt.-% preferably 25 - 35 w.-% Here, the wax
melt serves as a binder for the rubber jparticles. Optionally,
the aggl oneration may be intensified through addition of 0.1-5 w.-%
vi adhesi on- enhanci ng substances, such as resins or polyisobutenes.
Al waxes mehtiwey redibosteulDbeaddrshtodhe pebar Paricies o bq:?@'e'ﬁ P85S R
paraffins, amde S waxes, polyner waxes or esters of

gl ycerol caﬁﬂbgzﬁgﬁggagrﬁﬁg%ﬁl For exanple, all naphthenic oils used
in the rubber industry or cormmon in other applications are suitable
as naphthenic mneral oils, which are produced by vacuumdistillation
f rom sui t ablpemxinddeddiléndng partidatzuly tor palldthcasutpsegient refining. All
refined or non-refined paraffinic distillation fractions obtained

f rom sui sabl e -cr aideatet Insediwanicacwixgi.di still ati on can be used as
paraffinic mneral oils. Also suitable are mnperal oils, which are
recycl ed fronrus@dﬂﬁﬁﬁwwﬁh@mﬁéﬁ%ﬂ?%@myﬂ?2ﬁﬁFU$%I, recycl ed or
chemcally altered, e.g. refined or transesterified esters of

gl ycerol with fattiUS¥y 85 are suitable as natural oils. 17 The
paraffins nelting, at, 20-40. ; % fuidYniRerbloa @irbo mixsrs.

| i near al kenes bgpﬁg%%ygﬁggﬁdﬁ%§5o%ﬁ%ﬁg¢ﬁgﬁsity of 700-800 kg/ nB at
70 C, as neasured by chromat ograPhy, and are obtained fromthe raw
product of the Fischer-TroPsch synthesis by distillation. 5 For
exanpl e, Sy RtBeidkfiodlof PARES the rabberatartiviasransdhe formareat 2491 MR A Don
resins, or resin esters and_Bonter ngg derived fromtree resins
(Rosi n) can Peesibledd i SURssSr B RISFEMDT T Tig r esi ns.

The agglomerate produced by the method is used in the preparation of asphalts
or bitumen compounds through direct addition in a mixing plant for mixed asphalt
15 materials or bituminous materials, particularly in the form of a pellet made of

rubber particles and wax, and includes:

rubber particles having a particle size distribution of between 0.05 and 5

mm,
a melt applied into or onto the rubber particles from wax having a fraction
20 of 1 - 50 wt.-% based on the rubber component, and

an absorbed swelling agent in the rubber particles in a range of 1% to

100% of the maximum absorbable amount of the swelling agent.

The agglomerate is advantageously prepared within 15 minutes as a bulk

75 material with a dry surface by mixing or agglomerating processes.



10The invention has the overall effect that the swelling agent
penetrates into the interstices of the rubber nolecul es and urges the
nol ecul es apart, whereas the chem cal cross-linking sites between the
pol ymer chai ns remai n unchanged. The physical forces of attraction
are then reduced or interrupted. The resulting |arger volunme and the
sof teni ng causes nore intinmate and honageneous wetting by the 15wax.
After the wax is nelted in the asphalt m xer, the bitunmen can nake

nore i ntensive contact with the swollen structure of .rub
nol ecul es, ot theutrepasglivn pirpphalt.geb WnB\aERTe! By m&‘?%w'%ﬁ!‘}g?ﬂtgmeg%ysetdhe

bi tumen for v&h@?ﬁﬁ%%&%g 78 {ENpEARIrEY foh BfednBpdigtiar andeppiichtiomsd they
|

renmoving the oIy conponents is thereby reduced. T nol 1

reduces t he asplsatiodietgactgmenatesire aaesd FEHBN tggﬁﬁgﬁ‘{hew&?r gﬁ'ﬁjgt%rﬁgf ore
al l ows reli L BuREn WhE a38RMGH b ANSD wedaotrelenatdy withe 24;

t enper at ur eg‘p%%?&t%ﬁg%n an%l i ngt al | i pf%ﬁtfhe .asphalt. After the

asphal t has fraoidreef,5 + Hewihak Pased e fheditu @l ovi ng the resistance
of the asphalt against deformations due to its hardness. The opti onal
pol yoct enanmer forns bonds during the asphalt production which

| ncr ease th%@ggg%%kgkc'%gga&%é?g@@dw%gﬁ%y RRduasphaltich 18 Unlike fine

rubber parti S produced according to the

i nvention can arg readidhcarvered scbidd prordh seensitiog of dehriiugess
existing in aségha t  mxing plants, such as with screw conveyors or
pneumati c convigygrspid dwitedradseotths aggiseerdtes, afnrpaistipitice eEUbBEY| i ng

wi th dust-free ‘aggl onerates thus als i dAusin thi
expl osi oifls. The a@@P‘@ﬁ@r“gﬁe@eﬁ?‘% aﬁ@%?é?ﬁ%ﬁéﬁ%%é h?lgorﬁiﬁe aspnhallst

mxer in the progugdd Qe @f thasphet tempzaste an the dighi Shei 96ES:

conposition wth a fraction of 1 - 30 w.-% o )
¢) in the mixing process of the asphalt, the heat liquefies the wax, thereby

quickly releasing the activated rubber particles,

d) the rubber particles activated by pre-swelling produce an intensive

15 " interaction, such as enveloping with the bitumen, and/or,

e) the mixing temperature is in the range of 130 to 190 °C.

With a mixed asphalt material or a mixed material with a bitumen compound, the
method is rounded out by
20 f) an introduction temperature of 120 to 230 °C,
g) adegree of compaction in a range from 98 to 103%,
h) a tensile splitting strength in a range from 1.70 to 3.00 N/mm?*
i) a tensile splitting strength after immersion in water in a range from 1.5 to
2.5 N/mm?, and

25 j) aresistance against deformations, measured as an elongation rate in a

* 14
uniaxial compression test in a range from 0.6 to 0.9 * 10™/n %o.



10preferably 5 -20 wt.-% The aggl onerates can be added to the hot

m neral substances before, during or after the addition of the

bi tumen. 15Preferred is the addition wwthin a few seconds before the
bitumen i s added, because the higher tenperature at this tinme and the
strong shearing forces cause a rapid disintegration of the

aggl onerates, a pre-distribution of thegsrubber particles as well as
thermal activation of the rubber. 20In the asphalt nixing process,

the heat liquefies the wax as well as the optional H%ton enh CI ng
subst ances die predesk fy the peasisietion efeasabalt o @8‘891%?}8'1‘ F QM

activation %t?ﬂ’zﬁ o?%%lstunﬂ%ugmgﬁal%y@m@ 4 A Ghatonidl ﬂﬁ@ﬁehe mvdnsad/e

i nteraction so that better asphalt %&%Ee es .
achi eved t hagghwirtenatehis dsteveined smilat HedneoE agent ?eﬁé PI C es in a
dry mixi ntghgrqtg,%ﬁggg of4R ?Wbtblgr H&%Cg@slqgﬂﬁé rrmﬂ\g/@eg@rtaemolewl@ aredctdye

pol ymer, atibiTity of bitumen and_rubber rough
the fornati coedLm;les ohiverets erriysicataagive &fCem “Féed%%gs?mﬁﬁgﬁ h%r eased

viscosity of htcpgt ,AS BRRICeMinsh W faslyh the rhiked marialiobep fo $80 mimend he
a

produced asp l'ayers with asphalt flnls d
processed arvdwemedldéféﬂlihee“éd‘éré@f‘é’é”ﬁv' Ci' vertfﬁsh)ggenﬁtggrgf‘g% by

rolling is Aﬁgbbfyth@%ms%mdmg@f ﬂqéiy@labéraﬁcblemﬂeﬁ With eaciTabet §ftareducer s

that are I|qU| I ent tenperature, i StidHot
cause softemm@@t!mﬁé@@'mﬁ@?a@ﬁP@paﬁ'ﬁg b?’é‘t éﬁﬁ?ngr&recg‘sée]tsoq?@en

strengt h10 The, tﬂh?%%'@@ iR, iRBtaiesicosity allows a reduction of the
typically hi tenperatures necessary with rubber particles in the

producti on of the asphalt mx and the asphalt layer. This saves

heati ng energy, and the reduction of em ssions of COQ2 and 38
vapors and agjuestkasphat eoter the i npHreHi A IoHs WPEL SRS Kpl a

safety. 15An.additio anhh@tre’wscro@nyremmbgumm\gus
hi gh-val ue ;bétH?é &chﬂlrpog?t%b?ﬁééﬁ?ﬁfk%teééﬁegon{ ext of @bgth and
c

Wast e Manageseiposifiob relmveolt@t!@ !mﬁ@ic}'ﬂﬁcéﬁ‘t&t%taé%‘r‘?{ﬁrﬁ‘f ioﬂd” rap tires
vere uti | ' zed %lgymg\(le},g Frd AWK CRNIS IR refluctiBRirgthe viscosity being stable for

swe
up to <180 min in the mixed material, as well as increased stability of the cross-

linking of the rubber molecules and stability.

Such bituminous compositions with agglomerates may also be used for a surface

20 treatment of traffic routes by spraying the bituminous compositions and applying

minerals.

The rubber particles may be obtained from processing scrap tires (car, truck, or

parts of tires) at ambient temperature because rubber particles produced in the

25  cold exhibit unfavorably low surface/volume ratios.

The rubber particles may therefore swell with 5-100 wt.-%, preferably 10-40 wt.-

the rubber fraction with naphthenic mineral oils, paraffinic mineral

% based on £ 20.40
a .

oils, recycled lubricating oils, natural oils, fatty acids, or paraffins melting



Mor eover, polynmers for producing pol ymer nodified binders are
conserved, 20 because they are replaced with the inventive rubber
asphalt. The use of natural oils or recycled lubricating oils as

swel ling agents al so conserves the limted crude oil resources. 15The
i nvention provides technol ogically surprising and beneficial effects,
starting with the production of the aggbonerate from activated rubber
and wax to the use for asphalts or bitum nous conpounds or additional

applications, which could -)0 only be discovere ccessful | t he
fol | owi ng coGyfosxthedristheet sarssh syriness.aRE He) FP"BWQﬁfzq%ﬁé%%PPﬁe %‘.bpé{(he

composi ti on ¢afy i LIABN5h3IeN Bredbrhylydes @i et afsi mgit madieldf viadal
nmodel , 5Accordingly, it consists of subm croscggi c, smal Idsol id

particles (ouiudbicia)optenel edslitpnigeienesamghdnd 288 PP S ng 11 qui d
(oil-l1ike) phase of a dispersion agent, called maltenes. This system
is permanently stable because the maltenes stabilize the asphaltenes.
The mechani cal _propertes ' naxngdit Ryt 1 dewt.ob] ow ng
factors: 510-Thf’rf'§8'f rb?lfttb? op :éenaggélﬁg??ré%g&sﬂgfgg@m& scos#'é)t é@Of mai t ene
phase. The ypdfermelyfasacds wh-%f Herethasysranelbsrsvemasa PINder LT YRR T h
decr easi ng t%ggfrature. | .e., nolecules change fromthe maltene phase

into the asp %&ne phase at | ow tenperatures. Wth increasing

t enper atures, 15nol ecul es change back fromthe asphaltene phase to
the mal tene phase. This nodel explains the increased hardness_ ang
stiffness ofgfibhMIfEthedigdismstaeapengieriesnsins thoughadgiishohO dr° Vhet
solid asphal tene phase. By the swel | f o ; L€d€S in the
bi t unen, 100i Iaﬁlh@%%cﬁf@ﬁf‘%mé@t‘ﬂéﬁ?%eﬁengCrp’gaTsce}e?'égr:gegé ylfe ?%Jé% ‘ﬁi bi t unen
and fixed in the rubber. The rubber particles thereby increase in
volume (up to twi ce) and becone softer. The effect on the bitunen is

simlar as g fesa0gliidGbovtsh 10 ed dpaitii b Risihied TampshabewfBsphase
e u

i ncreases an bi't n hardens. 25The nore co | i<
of the rubbemiie wak@%mt wgwp@awebyagﬁseor esiers o?rBlL/SérSI éal?xeoeséfﬁald dsng

waxes.

15
For example, all naphthenic oils used in the rubber industry or common in other
applications are suitable as naphthenic mineral oils, which are produced by

vacuum distillation from suitable crude oil and without or with subsequent
refining.
20

All refined or non-refined paraffinic distillation fractions obtained from suitable

crude oils by vacuum distillation can be used as paraffinic mineral oils.

Also suitable are mineral oils, which are recycled from used Jubricating oils.

25

All natural, recycled or chemically altered, e.g. refined or transesterified esters of

glycerol with fatty acids are suitable as natural oils.



addition of swelling agents, the lower is the uptake of conponents
fromthe bitumen and the less is the nodification of the properties
of the bitunen. The flexibility and thus the favorable

| ow-t enperature properties of the bitumen remain largely intact. 21
2. The attained virtual "blocking action” of the oil in the rubber
coul d be discovered, because in accordapce with the invention, the
rubber granulate is pre-swollen with a swelling agent. This swelling
antici pates a 5process using the wet process of th cﬁ.rio .art [@B&od.
Accor di ng t Thé peraffimseneliomat 240 7 GigERFNaAAMIACILY 4 &2 ‘QPQE{}”eara

i ncor porated jin _hat,_ of il : iobeablky féat 2olcC had massuredoy i n
a so-call edge%teﬂ(r%taota}ngnéoﬁ)gralﬁ%g"%eniélg&gv&nﬁglbeculkgr wej gt Eonﬁ)onﬁgﬁg h °
nigrate frophihetdyephy, eodere phieivet ey iKY ptﬂd’dﬁb‘% PSRHF SR ﬁ% this
granul ate, i. . the oily phase (maltenes) of 10the bitunen
m grate int 8y'§ﬂ%£$é%§[§?ﬁantﬁlﬁl tene-deficient bitunen is less flexible
and thersfore brittle and | ess resistant against cold tenperatures.
Pre-swel I'i ng according to the invention now causes a reducéipon i.n the
15absor pt i OpoEaRReHItYsyaihetibalipheioearomatiadveardrawmatindYaGERDCE res!s:

production. This at |east rti heMysh) &n Bdwesedidss
from the bi PUIRSK q%erﬁﬁga@gfy%%rﬁgﬁg ‘yd["?gggﬁﬁfiér}gsgngpt ra)nsp?ort , thus

ensuring thayhddien-pesidtihgngsibs.t unen m xture retains its original
characteristics. 20It can thus be assuned that harder bitunen types
can now be used in the context with rubber nodification in a nore

targeted fashion, because an "actjop, effect".. valint®@fhet he
oi | s in he Thetnyspbergas E‘&rpvﬁéaq]beef{e?&ha{%ﬁ% e hf\ggg%ﬂ errrr]gfrigtge('jn. °

25Accor di ng  10.fih& dfNERiTeRmdldalcs el urgrs thgeraeastns apatt, #hergas the

mani pul ated variable for the bitunen prao i . - RarRRdused
as ol | ows: chepisatisesBAKITR &SR 2A YV SB] @ea%ﬁﬁn‘réé%ﬁzﬂ%f%“?*{‘E“é@qu’%ﬁatrgerof

the reclai W%@éé}éém@#cés eMRtay@sh 4rd thdreredspuadrinteorpaR al ToiesUiRR
th i

quatity of volurr:eeasrlmjcg tthlens%ftening causes more intimate and homogeneous wetting by the

15 wax.

After the wax is melted in the asphalt mixer, the bitumen can make more

intensive contact with the swollen structure of the rubber molecules, without

requiring large amounts of oily components of the bitumen for the swelling.

20  Change or hardening of the bitumen by removing the oily components is thereby

reduced.

The molten wax reduces the viscosity of the bitumen in hot asphalt mix and

therefore allows reliable compaction of the asphalt and reduction of the

tures for producing and installing the asphalt. After the asphalt has

25  tempera .
ainst

cooled, the wax solidifies, thus improving the resistance of the asphalt ag

deformations due to its haraness. The optional polyoctenamer forms bonds

during the asphalt production which increase the compatibility of the rubber and

asphalt.



22 bitunen fraction contained in an asphalt m xture can be influenced
and controlled via this manipul ated variable. A technol ogical final
stage of the invention is the addition of the inventively 5prepared
agglonerate in a mxing plant for asphalt; however, the invention can
al so be used with special binders. The aggl onerate al so causes very
positive effects when <used in place ofigsuntreated rubber powder in a
wet process. Both the swelling agent and the wax conponents i nprove
the viscosity. This effect can be used to increase the production
efficiency in 10this process, either by increasing the throughput

rate or by significantly reducing the ener ons i

Fur t her nor e Unélge fitet afpbsr particlgs.4ae é@@‘%ﬁ“ﬁ@geﬁgﬁog'bﬁd%ﬂdg%smv%%r e

rubber - nodi .eﬁgorpéérpfﬁ%r}ejﬁly%ﬂde;ié@j it thadspensiag feehniguéoexisib@ds. The
i ed

bitumen is 15Kere a pli to a surface by hot-sprayi .
ot Low no propsrsts s sganoniee b Bd P el Srfee

hot surface and £8ldatisoline: fmppenas Dasinpaith ugtfoeesgieyagrates thus
advant agéous tor the spraying process. Likew se, the process is

si gni fi cant lajsoiraguessdae ek ot $'< REPIGBBVe- ment i oned nore tar get ed
possibility for forrmulating the bitunen. 20 The swol |l en rubber
particles incorporated in the asphalt matrix remain highly elastic
when the asphal b Nas. 6001ALm et 08 8irdh R0 Phames rixe indle wrpietiordf t o
precipitate i 9 TUbber even over Iongﬂstorﬁ e rigg§L35QﬁJ%

i nproved el asphat, bebeypothedpituntdPUseiAFRCRLIGH &4l gﬁﬁgﬁgnused fo enpl oy
25har der_ binders . for agphal t production. It is thus possible to
devel op %%pﬁ%??“*%?%u%ggﬁgﬁé with a much | onger storage tine.
Econom ¢ production of asphalt mx is currently only possible when
reusi ng of reclaimed asphalt. Since reclained asphalts t%gicglhﬁg%ack
el ast oner nodid £@idhadRsTandenpiiegae ierhomiterelisiba@ares Brosr Y
bitumen is 23 necessary. . For.this purpose, so-called RC (recycling)
vari ants hav%teb&?r?@é‘{?é‘lOJFS%%E"\?\‘;'{‘]%épolyrrer-rmdified bi t umens, whi ch
are suitable for reuse of up to 20 M6 asphalt. Wen the use of higher
asphalt fractions is desired, another binder with a higher fraction

of i ncor por g8 8l RAlY IRy adMEPOMEH & few seconds before the bitumen is added,
gher temperature at this time and the strong shearing forces cause
distribution of the rubber

because the hi
a rapid disintegration of the agglomerates, a pre-

particles as well as thermal activation of the rubber.

20 In the asphalt mixing process, the heat liquefies the wax as well as the optional

adhesion-enhancing substances and quickly releases the activated rubber

cles. The activation by pre-swelling causes a more rapid and more intensive

parti .
d than with

interaction with bitumen, so that better asphalt properties are achieve

the conventional addition of rubber particles in a dry mixing process.

With the optional polyoctenamer as a reactive polymer, the compatibility of

en and rubber is improved through the formation of chemical bonds. The
ure due to the

bitum
molten wax reduces the increased viscosity of the asphalt mixt



5nust be selected. Usually, only two options are avail abl e per type,
nanely up to 20% added RC and up to 50% recl ai ned asphalt. Wen, for
exanple, 30% RC is used, the variant with up to 50% nmust necessarily
be selected. This increases the costs, because higher nodified

bi tunen types are nore expensive. Suitable binders for over 50% added
RC are not yet 10Oavailable. In the futype, particularly high economc
efficiencies will becone possible with new processing techni ques.
Wth the technol ogical inplenentation of the invention, it i

possi bl e t oyt sotthat the gqradused pemtadayerawith aw@gﬂﬁ?‘ﬁf% gngcpetter
respective producti [ bk BEbrid iR compeesseadly roflixg ur e
contains - ggoolef‘ eﬁ}s raﬁéggﬁ%rded\%gg&ﬁegﬁhfmmth t he agj ustp?;ent ef fect -

t he exact madiefigtilpgelyeaawtity of rubber granul ate. Additionally,

cont ai ner space and energy can be saved at each m xing plant.

Not eworthy are the properties of the finished m x, because the
previously 20 tested asphalt, m xes I | 9Bt kdripdre@ed, theng
facilitiés ﬂfb?orﬁ@ﬁf‘é’ltﬁ%p'sfg?‘m rﬁgﬁ’%er%ﬁ‘gy%%gg{gﬁa's%i%t abie for heayy use.
For exanpl e,,:t,286 harst i6es (@MA)sasaftedingtat agUA e &AM RRFAER P UG GO
stability and high wear resistance. Typically, polymer-nodified

bi nders ar e INFEX/FP e tHFY urpose. The results of the eval uation of
the prior art have shown that with conventional use 25there are no
significant differences between rubber-nodified and pol ymer- nodified
m xture ty!o]g.%er bBHiir][‘Q\et\h'&OgW gwsigmdﬁabmmm&ida!byhxgme rutting
test, significan enefits are seen in the rutt t Sit Ak

t he agglioneremeeratces BPIRFSRY WWUPH%W%?% " %gzef@glé&%rﬁeq%%idgn of
the aggl onerate, can,ihesrloTies kavaaating ensypsdrbe stdup igrhef fTEsIe e

follow ng steps: Step 1:" QGobtaining a scre r L i whB@hproves
particl es haiCiy B@dﬁétﬂmetﬁ‘lv@pgfsz@doq%?sroﬁso%rt% Pag]%s tgg febgth V\rg‘gen 0. 05 %rr?\é 5

nm preferab,lgyk@age safdty2 MM which are obtained at anbi ent
tenperature by nechani cal processes fromscrap tires, wherein
inpurities and steel fibers and fabric fibers are separated by
magneti ¢ and nechani cal processes.
15  An additional positive effect on t

tires in the context of the Recycling and Waste Management A
y with a low recovery of energy.

he environment is the high-value reuse of scrap
ct. To date, much

of the accumulating scrap tires were utilized onl

Moreover, polymers for producing polymer modified binders are conserved,

20 because they are replaced with the inventive rubber asphalt.

The use of natural oils or recycled lubricating oils as swelling agents also

conserves the limited crude oil resources.

25 The invention provides technologically surprising and beneficial effects, starting

with the production of the agglomerate from activated rubber and wax to the use

for asphalts or bituminous compounds or additional applications, which could



10Step 2: The activation of the rubber by swelling using suitable

|'i quids, such as the naphthenic oils now introduced in the rubber
industry in lieu of the use of highly aromatic oils, wherein it has
been surprisingly discovered that even natural oils, such as
vegetable oil, paraffinic oils, recycled lubricating oils and
paraffins nelting at about 20-40 C, whbeh are obtained 15as a
distillation fraction of the product stream of the Fischer-Tropsch
synthesis, are suitable to produce swelling. A E%eferr.gd grpso iit%@t
of the swel bhigdeidiscoveres suneessiidiy by die BilowiBg SOPREH PRECHEXTY rum

absor babl e unt wel | i ng agents under mechanical agitation,

whi ch ensurzorsBBWE‘(g r%%%%geneous distribution of the swelling agent.
Step 3: Wth the addition of wax, the rubber particles activated by
swelling are in fact coated with viscosity-reduci ng wax a diﬁ%’kve |
optional 25polyopeaanpssitmbidtinenad gersalicsacsiaRNgfcL & TI0Hes
and thus a production of . | o . og0] REMsY coltolush,eby
resulting in t he’ehA¢'Be 'g?(gisﬁslq%éﬁ%ﬁq%@%gﬁgﬁﬁﬁtos?’?@-I ov;ri ng wax
on the rubber acemedisaphiienebearprasermundingdiguitdai-kQ) Phesmei huous or
bat ch processes are suitabl i e Sdrniinenidy stabié

pol yoct enar ner a%ﬁ%%rﬁ'gﬂ-aggﬂgcéﬁ da%%'?ez‘gegﬁferﬁf§%tth the preheated rubber
particles. Partisedaast yhesmittarissestatriige the psrielfpte,' "fi &R ch swirl

the rubber particles with r L0y iRy Bt FolRWHERCRIS: N Xi ng ar s
and which attai np@pﬁ'ﬁ’ﬁ?é)?%t'ﬁf@% rhlﬂ'%dut:é%ﬁ of the wax thr ough repeat ed

cont act I%f t he Sy‘ﬁréét%ﬂ Rd hgeiendbienati vel y, the Swax and
optionally the polyoctenaner and optional the adhesion pronoter can
al so be suppl i ed. {igc4¥ityF faitBns phas. f or m by control Iing process heat.
A preferred enbodinent is the application of friction m ers; aﬁ h as
fluid or turbo nirxersiunmSucdction vétre a@éh@?@?@“ﬁ%‘“ﬁ?@é@%&’f@ fig'af @
friction and shear forces. Af BB G ohBe mMiN2aE ppasd intd s and
start of the mx wefﬁtﬁf%ég%&&%%@ésg%eaﬁ?i@ﬁg agent, t.hetwaxéra

opti onal adhesi oasgwdttaneiphgspal ‘9@(’5@'@&%@&'@3&%%5%‘983'59 Farer| a%é may

be added in any order qQr L anseMShY aspHagesdpizRantise walterzeptadded,
the wax Lan be h %Cé‘h%o‘iﬁ‘??‘gyr%%xed and maﬁted in one operation. The

optional pol yoct epanEsl&RRABERINE Hereespatidnbsd ayd diinaeeal hilliseratand

bi tumen 15t hrough chem cal cross-1i nking. rti I j le for
t Iheucoat ing of u? b mm?tuﬁrqq%?éée Sgrog/%éPﬁﬁﬁé@ﬁd;%%{hayﬁ?ééhﬁ%%

addition to the distribution of.the wax nmelt agglonerate at the sane
time the particles to formlarger aggregates of 1 - 40 mMmmin

di aneter. Here, the wax pol 108l tinasksmas oty bmgenedtor t he
20r ubber parti cl §§%h%ﬁ\é’e@§9¥gﬁ}gﬁggﬁ???§g of adh%iégﬁ-tﬁgpu neing,e

subst ances (maltenes) are removed from the bitumen and

rubber particles thereby increase in volume (up to twice) and become

softer. The effect on the bitumen is similar as during cooling: The fraction

of the solid asphaltene phase increases and the bitumen hardens.

25 The more complete the swelling of the rubber is already preempted by the

addition of swelling égents, the lower is the uptake of components from

the bitumen and the less is the modification of the properties of the
bitumen. The flexibility and thus the favorable low-temperature properties

of the bitumen remain largely intact.



may enhance aggl oneration. This can include the follow ng nethods
comonly used in plastics processing and other areas: extrusion with
edge m |l and shaping die, extrusion. 25Alternative step: The
separate production of agglomerates. The addition of wax to the
rubber particles according to the invention and the formation of

aggl onerates with the aforesescribed prgcess steps may al so take
place in two consecutive process steps, whereby here the optional

pol yoct enanmer inproves the conpatibility of rubber and bitunen

30t hrough chem cal cross-linking. 26 The conposition of the

aggl onerate i s charact db
079005 - 5 i Soepiiing? avvpgsiackBraral f wegy T E DS, Sy SE=t e

tenperature abovgsthe &, HRekhiddnRetstande wittethsweldniion tagamer absor bed

napht h |
napht alen Io I(:I oi | qu;ragng{@g [s[ﬁr}!@%yghérb&&%%fes&%ﬁhg%?érﬂbf hi§ @%ﬂg%%h ncu;SHtes a

fraction Of the swebsd ngn@metrmycgse@metmer sammeth@é§0§@rdtﬁgé°rt%ber

parti cl es a fraction of 1-5
of a wax with a TU80Hqd{Ts %‘Qp?ro?{aﬁ‘ﬁ%tﬁt's a%%\?gn}a%%%rétg?m?%géd fhies.
0.1-10 wt.-/0, basaginy hBset WidetenpButing b eg-califd WU@@P@/%T@MH‘&

pol ymer wax (Vestenaner ( f hanal
subst ances, such”‘é’éecr“?élv\f?)ég%r%o'ﬁ‘gg@%rgg% étﬁgg&igﬁ%%ﬁgﬂr??ﬁﬁ?l e bm

qualitative attapngphlse yal ersll oiis graeul
ptep perarieof the Q”Hé’h%‘b Hapitengr e k
i mproved
nproved with the faoll ow n%rf eaturtr(‘aesrulbge’l he manufacture of the

asphalt &nd in the bitumen migrate into
Maltene-deficient bitumen is less flexible and therefore brittle and less

resistant against cold temperatures.

Pre-swelling according to the invention now causes a reduction in the

15 absorption capacity of the rubber in advance of the asphalt production.
This at least partially reduces the removal of the oils from the bitumen in
the hot phase during mixing and transport, thus ensuring that the resulting

bitumen mixture retains its original characteristics.

20 It can thus be assumed that harder bitumen types can now be used in the
context with rubber modification in a more targeted fashion, because an

"action effect” for the removal of the oils in the wet process can be better

controlled and managed.

25 According to the invention, the swelling agent can act as a manipulated

variable for the bitumen properties or may even be used as follows:

Depending on the available bitumen and/or the quality of the reclaimed

asphalt employed in the asphalt formulation, the quality of the resulting



the installed asphalt: the agglonerates are dispensed directly into
conventional asphalt m xers during production of asphalt with a
fraction of 1 - 30 w.-% preferably 5 - 2020 w.-% based on the
bi tumen mass, the aggl onerates are added to the hot m neral
substances before, during or after the addition of the bitunen,
wherein it has been proven effective when the aggl onerates are added
several seconds before the bitunmen is added, because the higher
tenperature at this tinme and the high shear 25forces in_ the %%Pgalt
m xer cause rapi bitulesi nvdignapnmnedfin Bpaseifi Bikr Y be influenced an
pre-distribution_of r.upl | s well as thernal
activation of th%"Fﬁﬁggyéqggﬁéaﬁ@g%bgkgﬁxﬁistantaneously i quefies
the wax in the asphalt m xing process and rapidly rel eases the
activated rubber particles, wherein the 27 activation by ,
pre-swel | ing causescrasrei®l s dtaaedf thetievesitioe is the eddéen eﬁx\ﬁ*&‘\f?“t’ve‘y

bi tumen, so that better asphalt .pro [ hB@Evaompan emtiéro a
dry addi i on of PEBBIE ﬁ%?(fm%rﬁées'g atrﬁg((ng\ﬁo%t Z‘ﬁ%ggﬁ‘gthg Intfoduce an
addi tional wax CEiPSIBEDE uskil elthrspdaisidsndens Tieggskimsyate; AsaeRYSRE ¥déous
for processing, intentional conpact.i ¥ derdthus ot
%fpetcﬂe,ewli)%rg?sse[dt i h gﬁme SAVSFe LEEFBY cPPSIY

em ssions and i neYELEE e of the asphalt agai nst

def ormati on at aphicest. Botmperataling, agent 4nsl ths piaxIPTRCHHR: {PREVE e
i mproved with the rubber .parti.cl  Yathedaby treeblidignaftitidnoy augh

i ntensive inter a&'??‘bgﬁty\ﬁi?'ﬁeﬁﬁ%[ C@ﬁ?&%\&%{”ﬁb- svel 1in bg ore. .oy

aggl omerati on pr eweplsese mihal byoficrersingheyihpgaaRyiraE R &Y FIBIficRY

bi tumen in the asphal t when lonswel |'s, thus countering

har deni ng of the' uFWﬁéﬂ?%n@%p%gﬁenp §Py enbodi nents of the invention
wi || now be described, first based on 15tables. and then with
reference to experinments docunented in Figs. 1 to 3. The figures show
inFig 1 a riReHRIF asdvanfages bicalsobtidinereinappticriions $¥HBS TUHLHT

the i fi ed bi t0mens (o e 2010l ] 3L ABuARSFroat T ditmen s
the

15 here applied to a surface by hot-spraying. In a following process step,

aggregates are then distributed over the hot surface and rolled.

The improved viscosity proves again advantageous for the spraying
process. Likewise, the process is significantly improved due to the above-

mentioned more targeted possibility for formulating the bitumen.

20
The swollen rubber particles incorporated in the asphalt matrix remain
highly elastic when the asphalt has cooled. Since maltene phases are not
expected to precipitate in the rubber even over long storage periods, the
improved elastic behavior at low temperatures can be used to employ

25 harder binders for the asphalt production. It is thus possible to develop

asphalt formulations with a much longer storage time. Economic
production of asphalt mix is currently only possible when reusing of
reclaimed asphalt. Since reclaimed asphalts typically lack elastomer-

modified binders, compensation with the addition of fresh bitumen is



1) 20 wt.-%rubber particles, 2 i i
: , w.-%aromatic oil 2) 19.1 -9
rubber particles, 0.9 wt.-% pol yoct enaner (Vestenarre)) 2 wt\.NE%/0

aromatic oil 3) 22 wt.-%activated bul k i
. : mat er i
gll 10hrubber particles and 1/10 95| ow nel ti ng wax frglm ;:ﬁgposed °
scher-Tropsch synthesis 4) 22 wt.-%of activated bulk materi al

of 9/10 rubber particles and 1/10 m i
_ nepal oil 5) 22 wt.-% [
%Lkwnﬁ]e;)?: d:‘][lo? :1/ 6 rubber particles, 1/6 m %eral oi | ;ﬁgt |1>/gt E‘(Ij'
ation point 102C (Sasoblt r 28 6 -
activat ed bul k ofeckbrRubdrenisparpoise] esgaligd 6<(q %wyﬁmw V%@azééﬁg‘i’? %/‘%ﬁ”t he

FT synt hesi d
f unc%/| on 0:= St ?Rﬁde(ly{e F'gl' \A\é\%\;(qoiyﬁ C}Rbélft&j) bi uﬁ{&s whigh dregiamedsr @use of

t
a;E:IC(r): Idlnnga: OlglocNf”EM A7) agdhatti W@en B;ﬂr;@&q%hggé%apn% t?{aﬂl’?%é‘?fgsﬁggﬁg%d by
shown i % Fig. 1 ano?l?ermétigd%&b@faeh &)ﬁ%rﬂ%%porﬁofgl%%w at@dtdﬁm c‘éafploael'nts
oil 2) 19.1 w . -fustdsbsreqed.tistlbs onb. tgowptior%%ggi/ar& é%%‘?fet?’pe na”%h) ¢

(Vestenanmer 2 wt.-%
rubber par[| cl esURif délal/?fgg?%\l}?rre Jtlfpgt)o ﬁ&%ﬁ%ﬁ?ﬁ%ﬁg?&&m« of /10
ﬂ% r\'eu% S%RR/%@

;;pt Ih§|5| s 4) d22 tamPe, H0%R KA isatsed, tb@lb’%‘%f’”&? |”8It° #od]!
e
s and 1/ % ?cg]%%e{h% me}éast the c%)stszgedé‘use Hoaet inveified bburhkn types

an:ﬁrlsgllalr]?mM artic m ner al |) }%éje(gg X
i cat ar@nnmlexpea@% QLS&B‘QB?'QCFYS) fpr BYerzsg’ ﬂ’/\fgd(%) act rvgltteg“(va

bulk material of 4/6
the FT s;?nt hesi s@ ﬁgab|%”E,QE%f&§Fé ?Q?E@ap%fnr@)ﬁ;e@MhFclngbtegfm:@np@smm bepofmEom

possible with new processing techmqu

With the technological implementation of the invention, it is possible to
match the required rubber fraction exactly to the respective production
process in each mixing plant, i.e. each mixture contains - as illustrated
15 previously with the adjustment effect - the exact modifying quantity of

rubber granulate. Additionally, container space and energy can be saved

at each mixing plant.

Noteworthy are the properties of the finished mix, because the previously

20 tested asphalt mixes required high-quality receiving facilities for container
terminals and roads suitable for heavy use. For example, stone mastics
(SMA) are distinguished by very good stability and high wear resistance.
Typically, polymer-modified binders are used for this purpose. The results
of the evaluation of the prior art have shown that with conventional use

25 there are no significant differences between rubber-modified and polymer-
modified mixture types. Regarding the durability, as measured by the
rutting test, significant benefits are seen in the rutting test when using the

agglomerate according to the invention.
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10 Step 2: The activation of the rubber by swelling using suitable liquids, such
as the naphthenic oils now introduced in the rubber industry in lieu of the
use of highly aromatic oils, wherein it has been surprisingly discovered
that even natural oils, such as vegetable oil, paraffinic oils, recycled
lubricating oils and paraffins melting at about 20-40 °C, which are obtained

15 as a distillation fraction of the product stream of the Fischer-Tropsch

synthesis, are suitable to produce swelling.

A preferred embodiment of the swelling involves the addition of less than
the maximum absorbable amount of swelling agents under mechanical

20 agitation, which ensures the homogeneous distribution of the swelling

agent.

Step 3: With the addition of wax, the rubber particles activated by swelling

are in fact coated with viscosity-reducing wax additive, optional

polyoctenamer and optional adhesion-enhancing substances and thus a

production of agglomerates from these components, thereby resulting in

el
wn

the uniform distribution of the viscosity-lowering wax on the rubber

ing to the present invention. All continuous or batch processes are
on-

accord
suitable for this purpose, which mix a wax/ polyoctenarner adhesi
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shear forces. After providing the rubber particles and start of the mixing
10 process, the swelling agent, the wax, the optional adhesion- -enhancing
polyoctenamer and optional materials may be added in any order or
simultaneously. The components can be added, the wax can be
homogeneously mixed and melted in one operation. The optional
polyoctenamer enhances the compatibility between rubber and bitumen
15 through chemical cross-linking.

Particularly suitable for the coating of the rubber particles are all methods,
which in addition to the distribution of the wax melt agglomerate at the
same time the particles to form larger aggregates of 1 - 40 mm in
diameter. Here, the wax polyoctenamer melt acts as a binder for the

20 rubber particles. The optional addition of adhesion-enhancing substances
may enhance agglomeration. This can include the following methods

commonly used in plastics processing and other areas:
= oxtrusion with edge mill and shaping die,

® extrusion.
25 Alternative step: The separate production of agglomerates.
The addition of wax to the rubber particles according to the invention and
the formation of agglomerates with the aforesescribed process steps may

also take place in two consecutive process steps, whereby here the

optional polyoctenamer improves the compatibility of rubber and bitumen

30 through chemical cross-linking.
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The composition of the agglomerate is characterized by

rubber particles having a diameter of 0.05-5mm

swelling at room temperature or at elevated temperature above the
melting point of the swelling agent, absorbed naphthenic oil or paraffinic oil
or recycled lubricating oil or natural oil, or Fischer-Tropsch paraffin melting
at 20-40 °C. The fraction of the swelling agent may reach the same
mass of the rubber particles

a fraction of 1-50 wt.-%, based on the rubber particles, of a wax with a
solidification point above 50 °C.

a fraction of 0.1-10 wt.-%, based on the rubber particles, of the
polyoctenamer polymer wax (Vestenamer®)

a fraction of 0.1-5% adhesion-enhancing substances, such as resins or

polyisobutenes

The quantitative and qualitative attainable values of the properties in the asphalt

are improved with the following features in the manufacture of the asphalt and in

the installed asphalt:

the agglomerates are dispensed directly into conventional asphalt mixers
during production of asphait with a fraction of 1 - 30 wt.-%, preferably 5 -

20 wt.-%, based on the bitumen mass,

the agglomerates are added to the hot mineral substances before, during
or after the addition of the bitumen, wherein it has been proven effective
when the agglomerates are added several seconds before the bitumen is
added, because the higher temperature at this time and the high shear
forces in the asphalt mixer cause rapid disintegration of the agglomerates,
pre-distribution of the rubber particles as well as thermal activation of the

rubber,

the heat then instantaneously liquefies the wax in the asphalt mixing

process and rapidly releases the activated rubber particles, wherein the
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activation by pre-swelling causes accelerated and intensive interaction

with bitumen, so that better asphalt properties are attained compared to a

dry addition of rubber particles.

— the swollen pellets introduce an additional wax component which reduces

the viscosity, is advantageous for processing, intentional compagction,

saves energy and reduces emissions and increases the resistance of the

asphalt against deformation at ambient temperature,

— the asphalt properties are improved with the rubber particles activated by

swelling and through intensive interaction with the bitumen,

— swelling before agglomeration prevents removal of the oily constituents

from the bitumen in the asphalt when the rubber swells, thus countering

hardening of the bitumen.

Exemplary embodiments of the invention will now be described, first based on

tables, and then with reference to experiments documented in Figs. 110 3.

The figures show in

Fig. 1

a diagram as a function of time of the viscosity of the modified bitumens of the

modification process, with the variants

1) 20 wt.-% rubber particles, 2 wt.-% aromatic oil

2) 19.1 wt.-% rubber particles, 0.9 wt.-% polyoctenamer (Vestenamer®), 2 wt.-%

aromatic oil

3) 22 wt.-% activated bulk material composed of 9/10 rubber particles and 1/10

low-melting wax from the Fischer-Tropsch synthesis

4) 22 wt.-% of activated bulk material of 9/10 rubber particles and 1/10 mineral oil

5) 22 wt.-% activated bulk material from 4/6 rubber particles, 1/6 mineral oil and

1/6 FT wax with solidification point 102 °C (Sasobrt }
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1

6) 22 wt.-% activated bulk of 4/6 Rubber particles, 1/6 low melting wax from the
FT synthesis and 1/6 FT wax (Sasobit ®);

Fig. 2

a diagram as a function of time of the softening point by ring and ball (measured
according to DIN EN 1427) of tire-rubber-modified bitumen produced by stirring
at 180 °C; 78 wt.-% base bitumen B 80/100 with the variants shown in Fig. 1,

1) 20 wt.-% rubber particles, 2 wt.-% aromatic oll

2) 19.1 wt.-% rubber particles, 0.9 wt.-% polyoctenamer (\/estenamer®), 2 wt.-%
aromatic oil ’

3) 22 wt.-% activated bulk of 9/10 rubber particles and 1/10 low-melting wax from
the Fischer-Tropsch synthesis

4) 22 wt.-% of activated bulk material of 9/10 rubber particles and 1/10 mineral oil
5) 22 wt.-% activated bulk material from 4/6 rubber particles, 1/6 mineral oil and
176 FT wax with solidification point 102 °C (Sasobit®)

6) 22 wt.-% activated bulk material of 4/6 rubber particles, 1/6 fow-melting
paraffin from the FT synthesis and 1/6 FT wax (Sasobit®);

Fig. 3

a diagram as a function of time of the flow (measured SABITABR 4T, TG1 MB

12) of tire-rubber-modified bitumen produced by stirring at 180 °C, 78 wt.-% base

bitumen B 80/100, with the variants shown in Figs. 1 and 2, such as

1) 20 wt.-% rubber particles, 2 wt.-% aromatic oil

2) 19.1 wt.-% rubber parficles, 0.9 wt.-% polyoctenamer (\/estenamer®), 2
wt.-% aromatic oil

3) 22 wt.-% of activated bulk material of 9/10 rubber particles, and 1/0 low-

melting wax from the Fischer-Tropsch synthesis
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directly in the asphalt mxer and installed on a road. The foll ow ng
activated rubber particles prepared in a fluid m xer are used, which

have a particle size of 0.2-0.4 nmbefaore swelling: Table 3
5Conposi t i oBesf MoHe fos@arriing Qdt &1 IPYHHE" particles Fraction Rubber

gent [ut - To dhowend o cprampr gt AR pafdbn'P e ool b OB
#: Storfliux Nallng inventiGasetbréibra slightly agglomerated product of 66.6 wi--%
rubber particles (0.2-0.8 mm diameter), 16.7 wt.-% of various swelling agents and
16.7 wt.-% of Fischer-Tropsch paraffin wax with a solidification point of 102 °C
are produced in a fluid mixer FM10 at a rotation speed of 3600 RPM:

15 Table 1
Product | Swelling Order of Mixing ng?mum Product Quality
° Agent Addition Time (min) | Mixing
Temperature
(C) )
' i : 83 Pourable,
1 FT Swelling 7:50
Paraffin® Agent, FT homogenous
Wax** i
2 FT Swelling 5:00 120 Pourable,
) Paratfin Agent, FT homogenous
Wax
3 i welli 40 86 Pourable,
’ Plant O1 iv;ggtmg'l‘ * homogenous
Wax
ing :05 86 Pourable,

4 Recycled Swelling 5: »
lubricating Agent, FT homogenous
oil Wax

5 Recycled | FT Wax, 3:45 86 hf;\:;figh .

Jubricating oil| Swelling :
Agent
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. Sasobit® (Fischer Tropsch paraffin wax, solidification point 102 °C)

5 The homogeneity of the distribution of the Fischer-Tropsch paraffin wax was

examined by determining the wax contents in random samples by DSC.

The rubber granulate is supplied in the mixer, the mixing process and the
associated heat generation are started, and thereafter the swelling agent and the
10 wax are measured and added in different sequential orders. Melting of the wax is
detected by a sudden increase of the current consumption (gradient
measurement) of the mixer at about 85 °C, and the mixing process is terminated.

The uniformity of the distribution of the wax can be detected in random samples

by differential scanning calorimetry.

15
The example listed in Table 1 shows the conclusiveness, in particular in terms of

their repeatability, regarding the features of claims 1 to 10.

The effect of some rubber-swelling agent-paraffin wax-agglomerates described in
20 the following Table 2 on the properties of bitumen by the addition of 12 wt.-%
rubber and/or 18 wt.-% of some of the products from the previous Table 1 is then

illustrated, wherein a bitumen Nybit E60 having a needle penetration 64 110 mm

is used:

25

Table 2



gzogomrjrpn L\;\/{%lggg 11.20 mm [wt.-N 67.4 16.00 nm [wt.-%98.2

22. 10 mm byt~ [wt' y Sol ubl e Bi nder Fraction 6.0 Lwt.-)O] Inéol ubl

Pt Rk Bra t"- o] Binder Fraction total 6.6 [wt.-Vol Softeni ©

Point RuKlS F Og ion Of268 Interstices NEM [vol.-94] Fraction o:‘ng

Larerstieesz 6 rejy21.-% Elongation Rate at0.9 Inflection Poi

A B gation after 10.000 9.8 Load Changes** Wi ornt sw
nsitivityl5. Decrease Tensile splitting strength ver

Product | PEN' RaK | Ductility** | Blastic Viscosity [mP] |
[1/10 °Cl* | (mm]l Recovery” [%)
mm]

Rubber | 43 502 | 173 60 11380

1 62 945 |76 54 510

3 52 875 |90 56 640
46 86.5 103 61 650 B

* Ring and Ball softening point (DIN EN 1427)
#. Needle penetration at 25 °C (DIN EN 1426)
+. Dyctility at 25 °C (DIN EN 13389)

#. Elastic recovery at 25 °C (DIN EN 13389)

(931

The agglomerates are mixed with the bitumen at 160 °C by stirring. As a
comparison test, the corresponding quantity of pure rubber particles was
introduced into the bitumen in the same manner. The higher needle penetration
values of the mixtures with the products 1, 3 and 4 compared to the modification
10 with pure rubber show that hardening of the bitumen due to absorption of
bitumen components is considerably reduced and almost completely prevented

with product 1. Furthermore, the viscosity-lowering effect as compared to the test

with pure rubber becomes evident.

15 A first example for the production and installation of asphalt with inventively
produced agglomerates will be explained with reference to Tables 3 and 4,

wherein the addition of the agglomerates as a bulk material from bags is

selected.

20 A stone mastic asphalt SMA 16 S is to be manufactured using rubber particles

that are activated according to the invention and added directly in the asphalt

mixer and installed on a road.
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10
ricles are conveyed in a simple manner directly into the
bitumen.

The activated rubber pa y
PE bags with a conveyor belt prior to the addition of the

ixer in
asphalt mix ch 12% rubber

The added quantity is 11 kg per ton of asphalt mix, in order to rea

fraction based on the bitumen B 50/70.
15  The asphalt mixture is produced at 170 °C.

When applying on the road, the temperature of the asphalt mix in the pavers 1S
160 °C.

. iched
20 The experimentally installed asphalt mix and sample cores from the finish

asphalt layer have the following values listed in Table 4:
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Table 4

Properties of the produced asphalts and the softening points of the extracted

binders

Rubber product M Rubber product P

Minerals passing
through a sieve

R —
0.063 mm [wt.-%] 14.1 13.5
0.25 mm [wt.-%}] 15.5 14.5
0.71 mm [wt.-%] 17.0 16.4
1.00 mm [wt.-%] 26.5 23.9
2.00 mm [wt.-%] 31.9 30.1
5.00 mm [wt.-%] 43.0 404 ‘
8.00 mum [wt.-%] 65.8 52.6
11.26 mm [wt.-%] 67.4 63.0
16.00 mm [wt.-%] 98.2 98.4
22.40 mm [wt.-%] 100.0 100.0 B
Soluble Binder Fraction 6.0 5.9
[wt.-%]
Insoluble Rubber 0.6 0.6
Fraction [wt.-%]
Binder Fraction total 6.6 6.5
(wi-%] B ]
Softening Point 75.0 74.4
RuK [°C] ]
Fraction of 2.8 2.2
Interstices MPK*
[vol.-%]
]
Fraction of Interstices 2.6 2.5
Core [vol.-%]
Elongation Rate at 0.9 0.6
Inflection Point g 107
Yoo/ B
Elongation after 10.000 | 9.8 8.0
Load Changes™ I B §
Water Sensitivity 153 8.9
Decrease
Tensile splitting strength
[%]

L

* Marshall test samples
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=. TP Asphalt StB part: uniaxial compression test, 1999

The fraction of the FT wax results in an increased softening RuK (Ring and Ball)
in the extracted binders. The tested properties of the asphalts confirm with the
experiments that the direct addition of activated and wax-containing rubber

5 particles results in outstanding asphalt properties with high resistance against

deformation and low water sensitivity.

The pre-swelling and the thereby attained activation of the rubber improves the

production of a conventional rubber-modified bitumen with novel and surprising

10 exhibited properties.

A second example for the production and installation of asphalt with
agglomerates according to the invention will be explained with reference to Table

5, wherein the agglomerates are added as bulk material with pneumatic

15 conveying.

A stone mastic asphalt SMA 8 Hmb is to be produced at 170 °C with the rubber
product M according to the first example in Table 3 and a bitumen B 50/70.

20 The activated, waxy rubber particles are conveyed into the asphalt mixer with a
pneumatic system pefore the bitumen is added. Although the pneumatic
conveying system is normally used for the addition of cellulose fiber pellets, it can
advantageously also be used for the addition of the agglomerates produced
according to the invention. Furthermore, when using rubber, no cellulose is

25  required for the production of stone mastic asphalt.

When laying down asphalt test samples, samples may be taken at different

locations and tested, which then show the following values listed in Table 5:
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Table 5

7.0 7.2
.5 87.5

Bi nder

Properties of asphalt samples and the extracted binder at different positions of an

experimentally installed asphalt

* Marshall test samples

=x: at 25 °C according to DIN EN 13398

It is noteworthy that the softening points and elastic rec
extracted from physically separate asphalt samples h
demonstrate that a homogeneous distribution of the activated rubber particles

can be obtained by direct addition into the asph

ave values that

overies of the binders

alt mixer, as well as that an

I Sample 1 _éample 2 ] Sample3 |
Minerals passing B '
through a sieve
0.063 mm [wt.-%] 12.9 13.1 13.1
70.126 mm [wt.-%] 14.8 15.1 15.1 ]
2.00 mm [wt.-%] 32.4 32.5 32.6
5.50 mm [wt.-%] _|el4 1 62.0 61.1
.00 mm [wt.-%] | 95.8 96.1 96.3 o
11.2 mm [wt.-%] 100 100 1100
Soluble Binder 6.7 6.9 6.8
Fraction [wt.-%]
Binder Fraction total 7.0 7.2 7.1
[wi-%]
Softening Point 87.5 87.5 R .4
RuK [°C] . o
Fraction of 2.5 2.5 23
Interstices MPK*
[vol.-%] §
Flastic Recovery™™® [%] | 60 60 ) 69 _J
U B
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asphalt which is uniformly modified with inventive agglomerates and has

improved properties can be produced.

The inventive process is clearly presented with reference to the examples
illustrated in Figs. 1, 2 and 3 — starting with the modification step 1)

corresponding of the prior art up to the transition to the full effect according o the

invention shown in modification steps 5) and 6).

The surprising effects and advantages of the invention for the wet process as
compared to ordinary rubber bitumen according to the prior art are illustrated in a
diagram showing measurements of important properties. In all experiments,
rubber-modified bitumen was prepared from 78 wt.-% bitumen of the penetration
grade 80/100 and tire rubber particles as well as other additives and the swollen

bulk material activated according to the invention by stirring at 180 °C.

Fig. 1 shows the time-dependence of the viscosity of the modified bitumens in a
diagram of the modification process. A first modification 1) with 20% tire rubber
and 2% aromatic oil corresponds to the prior art. The viscosity of the modified
bitumen increases with increasing stirring time due to the swelling of the rubber.
After passing through a maximum, the viscosity decreases again due to the
partial dissolution of the rubber. To obtain the desired properties with regard to
the stability against deformation and elasticity of the produced asphalt, only a
portion of the rubber is to be dissolved. The rubber-modified bitumen can
therefore be used for the production of asphalt only within a short time window,
which is located around the maximum of the viscosity. When delays are
encountered due to problems in the supply chain and an excessive dissolution of
the rubber occurs, the binder can no longer be used. The binder must then be
returned in the modification plant for reprocessing. This represents a significant

economic loss for the binder manufacturer and other economic losses due to the

delay in applying the asphalt to the road.



36 asphalt which is uniformy nodified with inventive aggl onerates
and has inproved properties can be produced. The inventive
process is clearly presented with reference to the exanpl es
S5illustrated in Figs. 1, 2 and 3 - starting with the nodification
step 1) corresponding of the prior art up to the transition to the
full effect according to the invention;shown in nodification steps 5)
and 6). The surprising effects and advantages of the invention for
the wet process as l1l0conpared to ordi nary rubber bitunmen according to
the prior art are illustrated in a diagram showi ng neasurenents of
inportant properties. In all experinments, rubber-nmodifie I n was
prepared from,ahgto.a d6doht wmetificafion hbapﬁ@ﬁ@ProéEWeongg ra“c'i%as %B/F‘)j‘lf%%ggnd
tire rubber particles as well as r&g@%e aslgid bmas vanasitylerswbil B bul k
mat eri al adwolvpateedam&Ec %I?H%‘ Y§"¥'Fe i nvention by stirring at 180 C.
15 Fig. 1 showsiy Réndihge-tdepemddigidend- the viscosity of the nodified
bi tunens in a di'agram of the nodification process. A first

modi ficafion 1) with 20%tire rubber and 2% aromatic oil corresponds
to the prior art. The viscosity of, the mdifi diflea®thisetvaes es
with i ncreasdaoging fora thirg MPFHECHIGR 3-d"% R*Emﬂ%i ??F?S’ of Z@e‘ 1uhberg 20
Af ter passi nv%);kﬂrbﬁma@rigpéﬂrﬁﬂmdbh9/10iﬂ$ldl§3§i3?§}‘0@é@f‘8§ s°dgain due to
the partial>@i'ssolution of_the rubgre Sis. TRis@RIkdhaetifieandabé pthgr three
properties wax ﬂoméb‘aﬂfcf‘%r'?%s%’}% i {y agai nst def or %t io%%i@%)d
elasticity J!kh&% DliOfUEestepspbal & heongsnesatipeiGR™*GF '{'Re rubber is
to be dissolved. The rubbﬁr-m) ifisﬁgm%ﬁtw;g&@amghbatyef ore be used
for theiprodudiiedRitencadgRATAONT§ YW thi A a short time w ndow, 25
which is |ocated around the maxi mum of the viscosity. Wen del ays are
encountered due to problens in the supply chain and an ex egﬁive
di ssolution of ,Ethe rhﬁ%Q@Jn Q)Wéhr@arriéchsutbh adapgc@iBIndoverjet’® Eysed.
The bi nder AISY™ KI5 Fetur ned in the modifi.qati @nmpleadioil f s

r epr ocessi ngnatditdl s/as epedised MO P §Ree PNt @conomi ¢ | oss for the

bi nder nanufagture hefsitcepmemadificadieseaiiue to the 30delay in
appl yi ng théu’ﬁréeﬁﬁ%(ﬁcgtggj{ﬁg&{ ogd. 37 According to a second

nodi fication 2), a portion of the rubber was replaced by

pol yoctenanmer. This slightly changes the course of f. SCashLY
curve, but the f¥ihsFRISHtY nMaelifmatisnsa?) %ﬂﬁ*@%c?ﬁ’ﬁﬁOP{e‘\BgﬁnTé’o%gcqrtli ng, t o
athird nodificati og S%V, vheebtgfk Wm was pmdbéd 2AMi/6 IHbRer PYHEIES

swol | en bul Kievsverige! 8H{505e of 9/ 10 rupber @grsweﬁ&[]ﬁsd and; d/rdi@eral

| ow el ti Ng peaf (SmlibatioR mTMai02TEopaRaPiS)Ah a8 THIS %Plégh
material and the other, three W'@h@eﬁr&nﬁwébéﬁ*%

heat - gener at9if @’I%W'Wyg{r%. m%é&gbt ai n%d

20  synthesis in 6).

ntively modified bitumens 5) and 6) have the lowest viscosities and

These inve .
ntional compaction of

thus the greatest advantages with respect to the inte -
the greatest potential for reducing the

asphalt mix prepared therefrom and -

production and installation of asphait. This advantageo

ure in the ‘
. d aerosols from bitumen).

reduces energy consumption and emissions (vapors an
ed to the prior art.

oo
w

The viscosity is at least halved compar



10nodi fi ' _
fOUftIh Irrggi 1?: Egtﬁ?gnhi? %;egg¥r?ezl gnitfi cantly reduced viscosity. A
bul i ut in anal '
myngrg?t gir: al T\r/]\@s produced from 9/ 10 rubber pa?'?iyclt 353)ahdHi)Aﬁver’ the
bitumen. The fi :cfhfurt her reduces the viscosity of the nodifi Od
in analogy to 3) Hgnd sixth modifications 5) and 6) were calrrG' d
from 4/ 6 rubber .part;,vg?lgg EL/hg IF_rll_vent khye bul k material was pr ohﬁcegm
S i Lo wax (solidifi i -
| g\?\fg:sle%i ﬁnd 1/6 swelling agent, i.e. En nera: Ioﬁat: ﬁn point 102 C,
" These BB beboiastimes bmmrne sensratorayaen oobE e £ n
vi scosi ti esctwated W?ép@%wlgge?iggs'tﬁ&?\”&s@tia@?@or@tadﬂ%&osinewaas)west
i ntentional Jololay LY b @ i tadvant ages’ w t h I’eS\Pe%g. o the
greatest potenti g #gr@tl?eglﬁlgimflabom %00prispigs et CPREFET 15 and t he
and i nst al IrepreegnteFIgREERA qrooeﬁgintgr}%g@tﬁfg@g}o@bﬁﬂageé for tihefuphedefetdfon
. Ploa: . 5
ngiggﬂs;o?géggdﬁgg%fuﬁ@f, $incepteginzEndinder %B@%P‘%ﬁ?qig?e‘%#gﬂ% -,
S . . e
?Ihso been saqwﬁdgﬁ%pys@%éﬁj@iﬁgmﬁ&ﬁﬂé Bﬁ%igh]‘?f el rabbear 5.incra@sadtmiNs
e acti : : ification,5). i
Uiscosit ;a&aﬁgesf%vim rg?djlﬁedﬂhmﬁn?lab@ ﬂﬂﬁa;beé}ﬁeég‘fe‘?{{’?%’tﬁcg%ggﬁ%hta‘glnz h
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and the desir deC Ionger time period. This sirrplifiesthe|lo-n OT
mor e reliablye mﬁ{?geaggfs p;_the modi fi ed binder can be achigggztlcs
a_eturn and F'@(/v@rshowai%%f?%?&’lnﬁgttﬁ%ﬁ“f?@*gé@%%gdn&aeTrih ahtl Skl ebftéming R 0
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particles activated only with the swelling agent in the modifications 3) and 4) '
ening point. Conversely,

he modifications 5) and

disadvantageously reduces the soft the use of activated

bulk materials produced with swelling agents and wax int

antageously caused a strong increase of the softening point.

20 6)adv

f the modifications on the flow properties of the

Fig. 3 shows the effects 0
modified bitumen are

n the test method Sabita BR 4 T, rubber-
5° at 60 °C. The flow path is measured

onal rubber modification according to the

bitumen. |
supported on a metal plate inclined at 3

25 after 4 hours. Compared to the conventi
particles activated only with the swelling agent

above 1), the use of rubber
Modification of

e flow path. This correlates with the reduced viscosity.

enlarged th
wax produced according to

the bulk material activated with swelling agent and
tions such as 5) and 6) completely prevented

the present invention in the modifica
iscosity is at the same time at

30 flow. Thisis especially remarkable because the v



nodi fication according to the above 1), i.e. the prior art, the use
of rubber particles activated only with the swelling agent in the
nodi fications 3) and 4) di sadvant ageously reduces the softening

poi nt. Conversely, the use of activated bulk materials produced with
swel ling agents and wax in the nodifications 5) and 20 6)

advant ageously caused a strong increasg of the softening point. Fig.
3 shows the effects of the nodifications on the flow properties of
the bitunen. In the test nethod Sabita BR 4 T, rubber-nodi f%c%gse

bi tumen ar g SYRRQEA BttheerApearatiad rapigatvéeradle Medifief PISEFTHE PEYC. The
flow path is nmeasured 25after 4 hours. Conpared to the conventional
rubber nodiandeRpligsh accor di ng to the above 1), the use of rubber
particles activated only with the swelling agent enlarged the flow
path. This correlates with the reduced viscosity. Mdification ofsthe
bul k mat er |-l acl L XALRcWiddbBweb leiagnagiat At onker iSreodtioag Process:
according t he f%)resent Invention in th rggghgli(g%bb@n@raggh\aas 5)
and 6) conpitetied yitptes/pivcess fB’OP'fquWQﬂHUE( I'sS especral | Y ren%r kabl e
because the yi ﬁec%ib VohiSicial ahfevas ane te coenasitiog Of eI HRF'IEd in the
t enper at ur d"f'd ge e?e the nodified Fli LYTED i iy ACHsed fanthe

appl i ed. Theseumdpicanmingivdha PE5eRF S0 dB® &V5 8ence that the invention
is a uniform Bﬂcﬁﬁﬁﬁas;ﬁ%@dﬂtﬁtﬂ_@xir\du‘shmatbréaahpwﬁbﬁé%mﬁﬁ PBPEYERI ng a bul k
mat eri al of Sgg onerates that include rubber particles and wax, via
the conposition of the aggl onerate produced according to the process,
until the use of this bulk material for the pr Cti Ak @s@ial t or
bi t um neys Twé Qt’ro'refdescni@i»etd"lini/GPm'loﬁ\ﬁé‘?js‘ct?ls(S’bee\npﬁing%?i %gg%detg%‘f or epges(%i;ij bed
invention satisfies the | Bt anded aedlalsoas biresuit aidhe provdad Methetinr as
asphal t or BHEAH#EUE faterials, as. a resul o{hﬁépgvigé@mité}ﬁ@dm hod
for the preprymbpantiafote bukknateiaof 399UNCaT oiver at es, t he @g@ i ded

it e red at e pr oduct of biSGOAAS domeato bitsuagbngePeE DI B Fed

in accordan® e process and the us ' | eppEit eri al for
the product ipatess aas prealse Qfﬁh‘i@ﬂiktrﬁﬂtreﬂ@Egret%ha%@gf%%tﬁ i mpr oved

properties. The. es I irselyd m@bﬁin&d@%ﬁﬂiﬁ‘é‘r‘dé‘?ﬂ nt
"rubber gar Pf‘%@%‘?“gﬁﬁ‘%ﬁﬁ @\‘}\nﬁl% hﬁ:&? gur [LSLN0\BOMGIH B apgndingsovend
ef fects representes s&n@iunfﬁm‘t‘?ﬂieruﬁiar %ﬁ‘rg%%s %ecﬁni cal and functional
context up to the finalgioduedsenRUrmidustativabnippbe teshNiSAL Eonpar ed
to the convErReha , itnitrally _analyy eq sol utions, such as discl osed
in functional context up to the final proauct.

70 Industrial Applications

as disclosed in

Compared to the conventional, initially analyzed solutions, such

_ EP 1873212 B1, according {0 which the modification of rubber powder

takes place by swelling with 2 - 40% of aromatic oils and subsequent

modification of bitumen in the wet proc | .
e mixing time in the modification of the bitumen;

-flowing granulate

ess and the pre-swelling reduces

[ O]
(]

the temperature and th

WO/1997/026299 and DE 196 01 285 A1, wherein free

made of 50 - 95% rubber and bitumen or polymer plastic (thermoplastic

i iforml
elastomers or plastomers) is described, whose components uniformly



- EP 1 873 212 BlI, accordin i
' g to which the nodifi i
poutr akes o1 ace by s o w2 - okt aromil il an
K . 0 itumen in the wet

Pnr)gi fS:NgL![: g% rfeduEes the tenperature and the m Xi E[yof?fnsa ?Rdthhe
o /1 Gat  on of the bi tumen; Wy 1997/ 026209 and DE 196 0L 285 A
pol yrer plastic (ther | ate made of,,50 - 95% rubber and bi tunen o
described. whos nopl astic el astoners or plastoners) is '
5130 C vhen ex g conmponents uniformy 40 distribute at tenperat.ur
+130 © shen oxpogetysieatcgpetses i s mhapsuessised Tl ) be
cel | ul ose {1 ber sip oo PR S B M T o & et e
t enper at ur e Sggpl ﬁ%ﬂfgﬁ@fgt@@cld& cantusadtensh aad Krrea@ar g eqy (lced |
at alowte e (. E%‘O(tjuce'd Dy PLESSh DGy datomstiial

nper aframes (i@l e 15, O\é@)}?g‘ragé e%ng'islg) to rloé}u!géeﬂﬁernents

b .
rubber gephalt n”gg%ﬁg%rﬁ%rifuﬁ@@omyﬁmm@ub@d iafeBFIBR 1t NG
n : .
LS8 5D SR Bl oo
pel | eti ng tﬁep[];) ﬁg%‘gﬁrﬁsﬁﬁ%‘aﬁmﬁbﬁor rand paverass1ts D¢ gAGHET 8’%5%8?%“3“3%”
. YR . Wth a hi ) . ) ;
%?Lgéegolrl {T’ﬁ i 5 iugeaseiAl MENGECT gtg\a%;r?l(nrgreagsi ir;bétﬁlgf’éﬂbfVWerm n the
o T on Ly aohEppbanme A eaterame IV B b
Pt o i nphasb SR SR RS |
of the binder on PHETS b iviesdardcdo SPASHRRIF Gh U TS dlFast on
appl i cation functyssA t&gﬂ&%@%ﬁg agtef‘ﬁelslstan@léQb@épr@ndwlmddaﬂhen this
hydr ophobi c B fifel ™"t he "bi nder can be _
e 1 g s s RS
pre-react ed groun@wq/qresgﬁr%taﬁgzg&%n raiRE of3RE i akdtinreewitup bisder (0.5 S
an addi ti i rr r Yhe elq et may cont aj 300
o, addi i ve (al | plohe, anodsn drandrted el 4 Aot P
ddi t1 onal - compon@Rt T g By e e ot anlbeqsineri= =
b ners o i ho ok o an sl R P BRd b ey
hydrated |ine andbigg@!h%%q’ b%?v%eh%%?(ﬁg’ia@ddﬁgb@pm S\Byobntairc@ﬁ@a%bprllec
bitumen and hi gh B\eﬂﬁﬁ%&tmnent&am;a&bimbeg,gg)liéi{gg\g%}%H&tﬁ%iggg@%r,st of
or

the preparation of i i
a hi
20 groung titrelaJ mb%%H%re-reacted ground tire rubber, the pellet may contain
mers,

to 30% of an additive (aliphatic crude oil distillate, plasto

up
d may further include as

elastomers, rubber, pre-reacted tire rubber) an

an additional component of rheology modifiers, structural additives,

rthermore oils and waxes are mentioned as organic

solvents, dyes, fu
of hydrated

binders for the peliet, and the pellet may consist of a core

25
lime and a shell of the binder, and the shell may consist of bitumen and
high temperature waxes,
— WO 94/14896 / CA 2152774 for the preparation of a bituminous
composition, wherein rubber particles from scrap tires are swollen by
30 heating and shearing in a highly aromatic hydrocarbon oil and at least

partially depolymerized, and this material is dispersed in bitumen and a



conposi tion, wherein rubber '
30heating and shearing in a Iﬁff’”tlcles fromscrap tires are swollen b
| east partially d ~a highly aromatic hydrocarbon oil y
bi tunen and a y4 ggﬁ%é??ﬁifed’ a?ﬁ this material is diSpeIrsegn?nat
crossl i nki lzer i quid rubber i
Crosalid g agent iy be.adied for ‘obtai o & starage stabre . "
rubber is formgdeir ab_master batch wi thy 25- 80% di sper sed s?ab-e| i
- DE 601 21 318 Tznfolrttjﬂgnp\rmh fillers and pol ymers into a :oe: fg?
and it i : ! eparation of a gra e
and 115 use ' bl Regubbsregeoait st sl 0 ey
S]E)t ggngl addi t i obe afdeq ﬂggplgt\éfqﬁigls%%%%aést%% b@id8r, Whkredfier a EVAsIerw t hp
i r -
of 80-300 C genepatedihiaraaih oo L LR 5 P e ] Shhdfheat
are added for prBieP e Q. ingEfhn rubber and activated C
asphal t,, and h PRY PBVEGHT LS PR Xt ures, in particy ed carbon
el and Beguen i ot povela gy R B SET
hazar gggz s iulrolst afie 88° I BIRAD gpggﬂgrg@xﬁg@, br %ﬁwtpnmormsmapdm%f
the hot i neral ?‘éﬁ%{}?ﬁ“&aﬁ““@‘ﬂ‘”aapewﬂ@ﬂm@f%i ,?’ﬁea%fﬁggﬁ%ﬁgwaﬂg ;
separ ately from eAgiignof qeraﬁw' %ﬁ‘agg(éhﬁiongdrrbéﬁe, degeinitoe hakttdf 8§r300 igd to
rLf)ggf”’g rénﬂ*afg‘beﬂé&gét&hmxgm factiongTelts the re?p’w{)&aft't%ac[ﬂ%@ga \C/iVi E_h the
. . pr . i
densi t y10f the—2&&36%@‘5%39;%[]{@%3&;@gr%gr ér'(\jd g&ivaisdendian arﬁ@dgi%c:i,\gr] of
! re i

et e smeacvne s ) S 1
properties of t h@c,t}ggt@? ggf tolncfe?‘l%&sr@g%s@@dﬁanisisimps prasiuep@ dgiit Otﬁgl to
advant ages t hat rc”asphalt; the invention g p
conponent whi ch rnggﬂd‘é&enmm Whﬁ@!a néhe $WtYo @égérgébag‘zesﬁ%'%ﬁg
reliable conpact i%wuggﬁ%%tgﬁn‘s{:g\%fé;ﬁ?w p(ogd&ém\t\lﬂg&%ﬁcﬁmairMQ)l@ggg? gwax

. 1] , r H . . ]
i ncreasgsthe resigdphatearcf whﬁ'@iratgg ﬁlé}qe?gg%{dlﬁg trt'o ﬁ»‘:gf%mfé@@&ﬂef@edwe

i on at anbient

t enper at ur e,
bitumen , either together with or separately from the activated carbon, or

previously mixed with the bitumen;

CH 694 430 A5 with a mastic asphalt
scrap tires, wherein the lower density of the
ation

with the addition of rubber

granulate, preferably from
jate compared to mastic asphalt leads to an accumul

20 rubber granu
make the surface

on the surface of the asphalt layer, with the goal to

more elastic, to reduce noise, improve the anti-slip properties of the

mastic asphalt;

the invention provides the advantages that

_ the swollen pellets introduce an additional wax component which

ges for processing, reliable compaction,

reduces the viscosity (advanta
ce of

reduction of emissions) and increase the resistan
nt temperature,
ling and the properties of the

energy savings,
the asphalt against deformation at ambie

— the rubber particles are activated by swel

30 asphalt are improved through intense Interaction with the bitumen,



- the rubber particles are activated by swelling and the properties
of the 30asphalt are inproved through intense Interaction with the
bi tunen, 42 the swelling prior to aggloneration prevents renoval of
oily constituents fromthe bitumen when the rubber in the asphalt

swel | s, causing hardening of the bitunmen, - the optional
pol yoct enamer enhances the conpatibiligy of rubber and 5bitunmen by
chem cal crosslinking, - no aromatic oitls harnful to

heal t h/ envi ronnment are used; instead, safe naphthenic rT,Lynera.tu ’j]th,
paraf finic mneral Qidig 4rRf YSh@florheratio ateverys 6¢maval BEPHF FARE T om
t he Fischer-TroPsch synthesis or ren calkweild, saasieg used, and
10- the product foedhaiPRgMed WRE ‘ﬁ‘%&)@ﬁ?ﬁhﬁ‘ﬁ%@vai lable in
aggl oner at ed forgygﬁgm, Sare beneasi |y and safely (dust expl osions)

e

stored, transpor and di spensed wit L Eorksatlityofpusss@ndi n
asphal t m xi ng~plm¥§‘009\‘%¥ﬁ§f‘?”@rﬁr§ﬁ§%®?\ét§, screw conveyor), so that

it is suitable fg[“(llngﬁbglich&@xtcaaddmlinbingi nto the asphalt mixer afnd
reduces "t he costs (tinme, ener 5i %ngﬁm&qrarémg&ciiirmddoﬁa Bl ant)
for the prior ar momf@fﬂﬁ%o‘f?&ﬂ%ﬁf%i %‘%é{nﬁ so that a wi F§ S&,;pggg%g@l, use
can be envi si oneg,, #dnering® dilPpordine: MiserdPEpAPHT0r ot a bul k

mat eri al of aggl onerates havi r uk al hinebie®r asrdbwahlegrsgtural OllS
preferably waxes W‘%ffﬁnsaﬂ%'ﬁlt?%lP%lc %?ﬁgélsﬁoiynt above 50 5C, such as
crude oi |l paraffipg sk selaer - Tropsch paraffins, am de waxes,

— the product according to the invention is available in agglomerated form

? which can be easily and safely (dust explosions) stored, transported and
dispensed with systems usually present in asphalt mbfing plants -
(pneumatic transport, screw conveyor), so that it is su&téble for the direc
addition into the asphalt mixer and reduces the costs (time, en.efgy,‘

15 investment for modification plant) for the prior art bitumen modification,

so that a wide commercial use can be envisioned.



nont an waxes, pol ymer waxes, esters of glycerol, by a swelling
pre-reaction of the rubber particles and addition of wax, conprising
the process steps of: a) activation of the rubber by swelling and
using a swelling agent of 10naphthenic or paraffinic mneral oils,
recycled lubricating oils, natural oils or lownelting paraffins from
t he Fi scher-Tropsch synthesis, b) addi#si on of a nelt from

vi scosity-reduci ng wax and optional polfyoctenaner to the rubber
particles activated by the swelling, 15c)aggl oneration of the rubber
particles that were activated by swelling with the viscosity-reducing
wax and oth‘B’Héﬁ adhesi on-enhancing materials, such as resins or

pol yi sobut enes, by m xi ng/ bl endi ng or application of pressure,  such
that the swelli ?Hagg% ﬁ%&‘?%ﬁﬁ&% hum @atdiiel dfragglostaraies aying APPPLbber
mol ecul es and 201FGE3 T he 'mol ecul es apart  and, LadiESEorPpoihtibRIe BPL S

t he physi cal fopa&isleefanatwam@é{ﬁféﬁ?fa%\é{?’é?snw'&a hore intl mate and nore
homogeneous wet ting, id N ddieolBaraand, Fctiendrapsse dow i PRI WP The
mut ual cross-|inking of the rubber mol ecul efs‘?cre?o,p(;péigggdng pret he

aggl omer at e due momtarheakes; gemEsYEKeES Y'Y causes a r,edgﬁti on of

t he viscosity and qtilihﬁ o%metrgﬂﬁé}%aﬂ%lé%r@m&&ﬁiit@owéW@Kr@nﬂ%‘sﬁg 1,
characterized b§eq & Jse o pure rubber particles
obt ai ned at anbipestess etepercdit ure and deri ved from_machani”,calal Yot of
30generated scr ea?n f L AR08 theddbber by swelling and using a swelling ag

10 naphthenic or paraffinic mineral oils, recycled fubricating oils,

natural oils or low-melting paraffins from the Fischer-Tropsch

synthesis, |
b) addition of a melt from viscosity-reducing wax and optio
y the swelling,

nal

polyoctenamer {o the rubber particles activated b |
15 c) agglomeration of the rubber particles that were zf\otlvated by.
swelling with the viscosity-reducing wax and optional adhesion-
enhancing materials, such as resins or polyisobutenes, by

mixing/blending or application of pressure, such that the swelling

agent penetrates into the interstices of the rubber molecules and

20 urges the molecules apart and reduces of interrupts the physical

forces of attraction, wherein
d) a more intimate and more homogeneous wettin
an increased stability of the mutual cross-linking of the rubber
merate due to the larger

g with the wax and

molecules are produced in the agglo

25 volume, which causes a reduction of the viscosity and the

softening.

g to claim 1, characterized by the use of pure rubber

rocess accordin -
- i m mechanically

particles obtained at ambient temperature and derived fro

30 generated screen fractions.



3. Process according to claim1, characterized by the use of
cryogeni cal |y obtai ned pure rubber particles derived from
nmechani cal | y generated screen fractions. 54.Process according to
claim1l1, characterized by using a m xture of pure, rubber particles,
obt ai ned both at anbi ent tenperature and cryogenically, from
mechani cal | y generated screen fractiogg. 5. Process according to one
of clains 1 to 4, characterized by theé formation 10of a | ayer caused
by the addition of wax on the rubber particles activated by swelling.
6. Process accordi ”%S %Qco?%g \?é oI5kl Mhafactanizbd by teer urst ECAEEMES Mt he

addi ti on of- wax" WC°E 7% of the wax Qétatcde rubber
fraction. 15 7. otﬁémeewr@%ﬁd?%‘?%@fﬁ@ﬁ%%ﬁ%%’#ﬁ%ﬁ?ge5, 2

characterized b% t he agtq;n%i on of wax with 25 - 35 w.-%of the wax
melt based on t ge?r&gﬁer raction. 8. Process according to one of

claims 1 to 5 characterized by the addition of 20pol ypctenFrreg W th
a fraction of 1-50 wt 'Occirgi'ﬂ?tt@@a}f@)ﬁcﬂ’%lrécter&edlBUO@éﬁéa AEse 3 AY°to one

of clais ®-to BO%ERAPY zed by the additi L O Ggitally, wi t h
a fraction of 2Rder particksi ebteined Relk atad .‘en%ge%eg%tgﬁge)ss according to

one of claims 1 to 9, ¢ ghdrard depednifmctioti.tion of 0.1 - 5 w.-%
of adhesi on-enhgﬂg‘irﬂacr‘s%ﬁgsa?ggces, such as resins or polyisobutenes,

for intensifying aggl oneration. 11.Process according to ne ofan%hai ns
o 10, charact gfized agg(gg[g@ta@ﬂbbraasna@ofq4,r¢bams@riﬁéqiPVf PR Plbber
particles t® be a8t vare swel | ing wi thi p ahQubng partbles auivasd

10 of a layer caused by the a
by swelling.
6 Process according to one of claims 1 1o 5, characterized by the addition of

wax with 1 - 50 wt.-% of the wax melt based on the rubber fraction.

15 x gt f
7 Process according to one of claims 1 to 5, characterized by the addition 0
wax with 25 - 35 wt.-% of the wax melt based on the rubber fraction.
8 Process according to one of claims 1 to 5, characterized by the addition of
20 polyoctenamer with a fraction of 1-50 wt.-% in the wax melt.

9 Process according fo one of claims 1 t0 5, characterized by the addition of

polyoctenamer with a fraction of 25-35 wt.-% in the wax melt.

. ion of
25 10 Process according to one of claims 1 t0 9, characterized by the addition

0.1 - 5 wt.-% of adhesion-enhancing substances, such as resins or

polyisobutenes, for intensifying agglomeration.

ms 1 to 10, characterized by the addition

ording to one of clai -
11. Process acc g d by swelling within

30 of the wax melt to the rubber particles to be activate

about 2 - 3 minutes.



45 5 12. Process according to one of clains 1
( to 11, i
L??uﬁ?ﬁoﬁg ;Qfe??g:gnfL?geshlg_the producti on of asphgrﬁrg?terlzed >
. . ug irect addition in a mxi

asphalt m xed nmaterials or bitum nous nateri al X0 peant for

_ _ s. 13. Proces
?ﬁfgrglgglfgtoge of clainms Ito 12, characterized by m xing bfending
s nirlneags of a)a heated Q§phanical m xer, 10b)extrusion
- oo ot ~and a shaping die, c) an extrusion process, or d) a
heat - g _ g m xer enbodied as a friction mxer, a fluid m xer

o m xer. 1514. Process according to one of cléins lto 13 o

characterized by the addition of th j
_ e rub j
the formatign ofPraga;ls@mfétf‘@stOioﬁeP\‘?\B’a"é”ulﬁzﬁg)gylp’)\ac/;éyg?{g@%%dgb%?lg\p%é ofnd

1s. Agal omer at o it odusERefed A PpRABSEIRBPHEINg HEMIREI m 110

. - . h J. » HWPH ra Pr |a i i

of between 0.05 and by el _
i it ' . t of wax coating th
particl es with éﬁ}i i U atdial& ' g e rubber
fraction, and dction of 1 - 50 wt.-%based on the rubber

13.  Process according to one of claims 1 to 12, characterized by mixing

blending into a pellet by means of
a) a heated mechanical mixer,
10 b) extrusion with an edge mill and a shaping die,

c) an extrusion process, or

d) a heat-generating mixer embodied as a friction mixer, a fluid mixer

or a turbo mixer.

15 14. Process according to one of claims 1 to 13, characterized by the addition

of the rubber particles with wax and the formation of agglomerates in two

successive process steps.

15.  Agglomerate produced by the process according to one of claims 1 to 12,

pellet, from rubber particles and wax, comprising:

20 in particular a
a) rubber particles having a patticle size distribution of between 0.05
and 5 mm,
b) a melt of wax coating the rubber particles with a fraction of 1 - 50
wt.-% based on the rubber fraction, and
25 c) a swelling agent absorbed in the rubber particles in a range of 1%

and 100% of the maximum absorbable quantity of the swelling

agent.

16. Agglomerate according to claim 5, characterized by its production as a

30 bulk material with a dry surface within 1 minute by a mixing or

agglomerating process.



25c)a swel ling agent absorbed in the rubber particles in a range of
1% and 100% of the maxi num absorbabl e quantity of the swelling agent.
16. Aggl onerate according to claimb5, characterized by its production
as a 30bulk material with a dry surface within 1 mnute by a m xing
or agglonerating process. 46 17.Process for preparation of asphalt
or of a mxed material with a bitum nqgus material or of a bitum nous
material using a bulk material from aggl onerates produced according
to clainms 1 through 14 and 5aggl onerates according to clains 15 or
16, characterized in that the swelling agent penetrates into the
interstices of the rubber nol ecules dyrin ], X] AR baguhesuar e
urged apart17.t hé’rqmwsif@”alreﬁ%?"(‘%bo‘c(ﬂs%%{{?ractam‘)l)r%ééz;%g t%rgg\lljvced or

i nterrupted, V‘h%a‘?éﬁbl a 8es pRRRRcUNmateEiaisns bulk e fP8Y st abl e in

the mxture for up to 180 mn is produced,,. . wheloBi1a s during the
reduction in theggbm%%&%?“@ﬁ’%%??‘i?é‘gﬁ%% %&6%{& o

his time an Lntﬁ{‘eased
stability of mut agi'm%rr&%at&dmhggo olbintshts outhehangeledsed BN ver

i ncor por5 he aggl oner at esi%g%}a Pe%l{c'bgBpmg_rggﬁpinkdléquldsasti ng

ation of
up to 180 m nut ewellisg GHERS RREGIAES ©8&ss "aecording to cl aim 17,
characterized i ’Z'Juﬁngﬁ%bti%, th& fHifdca@stane utgenperEt e ebysipal feyges ©

p

preparation and appfication of the, as I aegkasEinane sisarsgy
directly added taﬁraqﬁena®W§|UPe%P&'8PerR>ﬁB{éﬁ'%h?rtemaa'

r raction of % - %e%in-%
based on the fragtipm @lbidir tHEwiIxies for ap tel §ain RGeS S ST the
addition of the brtunen. 19. The pr. GQE QLAY thes whakmirkTeased 18,
charact evi zed byluring thf freé‘éf‘t‘%aﬁ?%)\g%&%?@teﬂg laggl oﬂ%{at es Vr"xicBJboﬁation
fraction of 5 - s‘%&)il% of Yutual cross-linking of the rubber molecules after |

of the agglomerates and a continuous stability Jasting up to 180 minutes is

obtained.

15 18 Process according to claim 17, characterized in that for reducing the

temperatures in the preparation and application of the asphalt, the

agglomerates are directly added to the asphalt mixer with a fraction of 1 -

30 wt.-% based on the fraction of bitumen before, either during or after the

addition of the bitumen.

20 » .
19 The process according to claim 17 or 18, characterized by the direct
addition of the agglomerates with a fraction of 5 - 30 wt.-%.
20 Process according to one of claims 17 to 19, characterized in that‘
25 a) the addition is carried out 3 to 15 seconds prior to the addition of

the bitumen, y
b) the agglomerates are rapidly disintegrated and the rubber particles

are pre-dispensed within this period, due to the higher temperature

and the high shear forces, wherein a thermal activation of the

30 rubber occurs, .



20. Process according to one of clains 17 to 19, characterized in
that 25a)the addition is carried out 3 to 15 seconds prior to the
addition of the bitunen, b)the agglonerates are rapidly disintegrated
and the rubber: particles are pre-dispensed within this period, due to
t he hi gher tenperature and the high shear forces, wherein a therma
activation of the 30rubber occurs, 474f) the heat |iquefies the wax
in the mxing process and rapidly rel eases the activated rubber

particles, d) the rubber particles activat.ed b - j ng
produce a nore iacjt endke haatdiagefigsdhe W§ﬁ5ht¥‘8§""89%8b0§8$%§?%%%@y t he
bi tunen, and 5e)the mixing femRerAsdfiBbérpaastiessted in a range of 130

to 190 C. .
d) the rubber particles activated by pre-swelling produce a more

intense interaction, such as encapsulation by the bitumen, and

5 e) the mixing temperature is adjusted in a range of 130 to 190 °C.



