1 Method for producing aggl onerates having rubber and wax,

aggl onerates produced with this nethod and use of the agglonerates in
asphalt or bitum nous materials 5Technical Field The invention
relates to a nethod for producing a bulk material of aggl onerates
havi ng rubber particles and wax, especﬂally 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 ofMethics farlprodeicing agglamenates haviagotibher gndayaxAqgigmesates
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t hese asphalts can be nodifi ed bifunhinoasimateridsli ti ves to i nprove the
performance and durability in road construction, for exanple, to
prevent distortions such as ruts and to sinultaneously prevent
cracking fromexposure to cold or nechanical fatigue. For exanple,

el ast ogrer FeCknigal BRfdand 20SBR), pl astoners (e.g., EVA and PE) or
rubber particles fromtire 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 addiThiweeniibs oelabgs tovemetieod s psadaeing aguikisetedat of 3adioBArAE Ut

show only little or no.inpr Ln.fafi EREhH
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An i npor t @Y ineéhtes reiitet lie thwasoraplakitiorveSadgiombte dedicedrwitit thishe
viscosity of the bitunmen apd the asphal t. m xtur i

and pibossearsStRAEH BTN e A aba ot el s BRI fh e
product i OBrc?HfucEiBﬁ oREBRMIE onbPd HiveBmetdriaewas pstUmiheaye neatere or 2f a
reduction of the production and processing tenperature. This results

i n ener gy bawinoys raat¢riebaanied irBpAVES RREIRTEES i npact . Basical ly,
the additives are honogeneously m xed into the binder bitunmen before
5the asphalt is produced or are added directly during the production
of the asphalts. The nodification with rubber occurs either in a wet
process oState of theyarhr ocess. In a wet process, approximately 5-20%

rubber particles are introduced into hot
15

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.g. Fischer-Tropsch paraffins, peat waxes and amide
waxes. These additives also improve the resistance against deformation, but
show only little or no improvement in fatigue and low temperature properties of

25  the asphalt due to the lack of an elastic component. An important effect of the
wax additives is the reduction of the viscosity of the bitumen and the asphalt
mixture at the production and processing temperatures. This allows a

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



10 (160-200 C) bitumen and stirred for 1-4 hours. Only a smal
portion of the rubber goes into solution, while the rest swells by
absorbing oil conponents of the bitunmen. The resulting m xture
remai ns honogeneous and requires continuous stirring until the
asphalt is produced to prevent the r ubber particles fromsettling.
The viscosity of the bitumen is greatly increased by the rubber and

15 changes with storage ti due L e i !
processes? r%@%@?ﬁit%%arwgﬁf%apg %ﬁocﬁe‘é@lﬁps’tgglpt@f%w%. @ﬁ@ggg@ﬁémgy
modi fi ed §&fidds A Rsiuceawigirohmele irhpaster i can road surfaces”,
Asphal t 5/2000, 6-10. In the dry process, the rubber particles are
added directly into the asphalt m xer 20 and m xed with bitunmen and
m neral s. D sadvantageously, the mixing time nust be increased for
at t ai ni ngpasidaNpgenaadisves ate hdrubgemeouslyenixeddntotthe binder biumepdefere

increased, the tine for interacti,on,with the. bi IS ort to
achi eve sthsl q‘ﬁﬂﬁ‘@”éﬂﬂ”ﬁ%@%l%@f %ﬁdg%?rgfé?gyl (gurwgtthgﬁgdl@? B%?(g}i%ss.
There is gs0i g that the desired thick binder films and a high

bondi ng strength of the binder cannot be 25achi eved. Therefore, the
quality of the rubber-nodified asphalt produced with the dry process
is generally lower. 3 To avoid the di sadvantages of the dry process,

a master batehhdfchtidhsatPribpepdoasd dthennraiybepropass brines dahierocess. In
bi tumen, which is produced in granular form. as realiz f.or

exanpl e, BrYVQthéO%QﬁSeaPP@éF”‘T@@%%'&O%WQ@f Pg%@ SAEITULT %}edéﬁgek}otts
have repeatedby,tor S%mg | {5PA 0Y BBBAL. Drily atshealusartion of thieber
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powder by rshisr lgorg intbtselution4ovila thsiest swells By aRsPrPBI9 é@ﬁﬁ%’%ﬁ%o
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t he terrpe&'}ﬁ WP%”%’HSW%}@S%@%%&Hrgnggﬁgln{gh%oqgﬂs%ﬁgggrfaz]di fihc'at i on.

Di sadvant age@isug. stirdveeuetil the Biphalivs|dreducesbibereyedies sukhes pagicles

necessarily viscosity-reducin t he resi.stange, . i j is
reduced affogndfiEing: {réﬁﬂé‘c&?'ﬂ gg,herh'wg}e@ 'lsgr%%(ﬁlc@grr%aa? ?%ibgﬁ{"g%@érr %g Ber
and bi;§UMRR4ndex with %{B%é'%@ tiftid §ud Redwellitg had depolyteribatdrt progreseshes
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, the product is in a formthat cannot be easily
and saf el ylescrifrastby Dieghishdn hisdardigle Jﬁ@ﬁ@ﬁ%@%'ﬁ?&%‘i@?é%obefrkpéltwq%r U
typically, exist i ] s Risgoddneunst i ¢ conveying, screw
conveyi ng ,Or{htéi@eg?%zg%?d %usr?guer%lssd%t\%l?%e or direct addition into the
asphalt m xer which 20i ncreases the conplexity (tine, energy,
investnment for a nodifying plant) for the previous bitunen

modi f1i cat ilr?fhe &@/dprocess, the rubber particles are added directly into the asphalt mixer
20 and mixed with bitumen and minerals. Disadvantageously, the mixing time must
be increased for attaining a homogeneous distribution. Even when the mixing
time is increased, the time for interaction with the bitumen is too short to achieve
swelling and dissolution comparable with the wet process. There is a risk that the
desired thick binder films and a high bonding strength of the binder cannot be

25  achieved. Therefore, the quality of the rubber-modified asphalt produced with the

dry process is generally lower.



due to the risk of dust explosions, such additives can only be
delivered in this way as a fine powder by conplying with costly
requi rements. 25Furthernore, a granulate including rubber, a process
for its production, and process for producing an asphalt m xture
using the granul ate are known from WY 1997/026299 and DE 196 01 285
Al. 4 Accordingly, a free-flow ng granul ate of 50-95% rubber and

bi tumen or. pol ynmer pl asti t her LC.£l l-oRl AsS pgET S)
s descri beavoipeeoNer e Tery bksry eanare aedeR:

t enper at uprRiuzed FOnCrubbde paricEssaricebitunemeetict tr preducddpint grapgle form,
addi tives may be present (sulfur, vy|canization accel erators, heavy
oil, 5 faﬁﬁéW%@P@sﬁorééﬁﬂnﬁf‘fbé’étkﬁ%?%lle.daﬁ??éoﬁé B?ﬂﬁjﬁ'e may be prepared
froma mass that is honogeni zed or chemically conbined at a high
tenperature in a kneader or by pressing the individual conponents at

manut 2zt usgeacalgbbar v terriael BePP e dPralend®tls s e o,

granul at epighet Rt AppBAst m Xing process to the ninerals or to the
10bi tumen. The di sadvant ages whi ch operate agai nst a reduction of the
viscosity and all ow em ssions and deformations are here al so
overwhelmng. In addition, oily constituents may be renoved fromthe
bi tumen, whi RRoWRYroeRESE! Ba3 deniBigtoahodift fubbbi paweer. bybeeallingavittid-| | ed

person proceeds according to the nmethod for, the producti _
hydrated PP¥earpglatisq!srsy thsé‘%?ﬁq‘é%B{;(aﬂ‘?d'g/r bide? boe HrbpBReSg wherein

condi ¢ j oni il Eddi@et ise b ahafe lahaRh@Rtkiag bintedierthé attufed t o
69% gé():copﬁ%%ystvg&tl h% u. S.e 20 2008/ 0216712 Al, he would notice that

hydr at ed hiauifidatipn oDisedvariageeusly. mesveyeance of asphalt and the
adhesion of the binder to the mnerals and that rubber and wax in
this paper act tresswollsngibber rowdesfie NOhBEYCIRSAEYDRSCRSIETePLRY or
hydr ophobi ¢ and may include at |east 25aone of the f%l_l ogi E% "
conponent s: -bi themssistanassagatestslefemalion s reduced il &rPighidaRyefIHEs:
rubber, pre-reacted ground tire rubber. 'I;Pe_ ‘E’Sl | et may contain up to
30% of an addi theve ig ae cprwpetibility ofdpaPerAnd HfWHeN.| at e, pl ast omers,

el astoners, rubber, pre-reacted rubper tires)., It may also tain as
an addfti onal empaifedts thahaw ‘@V‘L%H&Hi'ﬁaétbé,”)dst{‘?ﬁgm%gpegd%ﬂ%ﬂ% \?gs,
solvents, dyes. 5 GO ls and waxes are ntioned a uj t organic
bi nder s fory-t héhepriodget isan@ fora thyatqagpo ?/e?ﬂﬁlo?fbd's%%ﬁfgasﬁ%ﬁt bg nmade
of a core of th%f\@ﬁ@r@ed L% dRpdn3ed ihlsysemosadtypicallpexist riesphait

e

wherein the sh may 1n turn be nade of bitunmen and
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.

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

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

W0/1997/026299 and DE 196 01 285 A1.



5 high-tenperature waxes. The expert finds no evidence in this

anal ysis that would lead to a reduced viscosity and an i nproved

resi stance agai nst deformation. Instead, he nmust conclude that oily
constituents can here al so di sadvant ageously be renoved from 10the
bi tumen. Furthernore, WO 94/14896 and ©A 2,152, 774 discl ose a net hod
for preparing a bitum nous conposition. Rubber particles from scrap

tires are here. swl|en heat i o) i I !
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necessary, a crosslinking agent may be in order t
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st abi | z_egjﬁrﬂf;%tgl@g a'aa;t;b'%é HEb&hRsBHOGUEEd vulshhightiors ateslertbrispheavy oil,

pellet wt ers and pol'yners. 20 No advantages fO{ arelia Ie[.
conpaci i ofsttyeanidsygeldosea fbers) cthra@nelate 1ayRe BieRaress rg‘ﬂ“ﬁﬁ\?sﬁgﬁ A3t
deformati gn_can be f D 8 , FCindd kiseaddirehbar e
nar nf Ui ¢ BomEAPrRPd) POy M AREC Rl eBpRIERLICINR, Kot o751
318 T2 rebaiseigt theandieidhabcdropomertsiata hyy tergperatiraredes Bul. ofdce plaie)-
and its use in bitunmen nd di sgl e i f

granul es, %_Q‘.Sgamof"’rsc} é’&?”:i‘ﬁa? uFeegf:rugﬁgP%é@hagﬁ%n%ﬂﬂgg rgrg)iages (%§P§§Yefi ns,
PE, PP, E}e{&&ﬁn%ﬁthé gPatIfeah tiRslephianmiding prloeess tonthammimetalsisr tmthe
process. The heat generated by friction of 80-300 Cis intended to
melt fhe RBUMEBIt glue. 6 Polyolefins cause an increase in the
viscosity of asphalt. There is still a risk that oily conponents are
renoved fromthe bitumen, causing hardening of the bitunen. 5 1n a

process for preparing bitum nous m x di sclosed in,the . t 30
3167, | Mhelisacnenieiies wilah SRF eon L e a0ar EToHogt  Dasbe o
activat ed GALhons 2t @cfftiavahe dreReiRtse BUSRRIMIRGO gdditonily

em ssions 1 n the production of hot asphalt and_elution of h

ar nf ul
subst ancesodstéueniswaaybe remeved fragpihgl Ritugresy Ui @Y waHRe hardening of
tar-cggt ai ﬁ\(:i} Igfnrnggycl ed asphalt. Rubber is here added to the hot
m ner |1'o 0 the bitunen together with or separately fromthe
activated carbon or previously mxed with the bitunmen. However,
vi scosity-reduci ng effects and an i ncreased resi stance agai nst

def or mat | i1 dPHGe Jmsidig &sthBahéthagger wiengodactioh 6594
430 A5, tW%%éﬁ%ﬁ%‘ﬁl on %? p%%lbeb%grg granlhrfgate, preferably ??om scrap
tires, thayHmied licenslies of ushén aapial prgdatitneard/PhsAbeRIHYANRE PY t he
mastic asphalt i urmsed. to ls3b ibde Hyhace of
t he asphaIpﬁﬁ?tﬁiﬂa&‘eﬁwdﬁtggﬂ'n?%aﬁgg}ﬁ%%}égﬁ@?gy glé a/ls)?&l(b ggghu'rgace, noi se
abat esgnt ,2008RPaBEd2 At hekislignopes that siydiHed Bxpémprovesdhe edityr f ai | s
to find 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.



20 suggestions for reducing the viscosity, increasing the resistance
agai nst deformation, sinplifying storage and transport, inproving

di spensi ng and preventing hardeni ng of the bitunen. The
foll owi ng publications also fail to disclose aspects that would

obvi ate the 25previously anal yzed di sadvantages: - JP 2004060390 A

di scl oses an asphalt with a 2-conponent epoxy resin, wherein the main
conponent of the epoxy resin is added to the asphalt 7 m xture and
the hardener is incorporated in the formof a smelling agent absorbed
in rubber particles, JP 2008050841 ' te
protects Mg @NJWREFSAIFMAL "Ong @8 “&ggﬁggb rgdn Qtf%ﬁ%\?%gé% %ghgﬁfﬂp

and wher epg)idthga F}Dlnaéree emb@amwﬁe)@ r‘hé@éfbﬁa cape ofublieatetiilimes aand shell
pol yet hyl ene,

10338812 A with a wat I
PO o omviabed ke e, shern 1 oy ol Fabpar ST b e B¢
t enper at BE%}?%%@J g%,‘pﬁeAﬁ%gégcers i ncluding rubber and reinforcing

fillers I scl oses water-swell abl e products, which are
however 10 resistant agai nst water and many chem cals for the
manuf acture of seals with solid or cellular structure, wherein a

bi tumen ey %x%@rt'fﬁtd@'n%%\h@&g:eaﬁ tidis opaRsRthai Wolldesadfo aeeducetior
nodi fying t roduct properties and wherein_ e. ggon gb er .powder . can

be added atscasity mpempweﬂwﬁ%wﬂcam@\f@  defory oo e bste t o
asphal . - andoidgs Hg'% § cBfs R0 ool L RS LAR/RRI bl odTRIGved fFom

pr oduced 89 erial pieces, for exanple from scrap
tires,poanehebitdreenopl asti c bi nders, such as PE, EVA, SBS.

Lastly, the U S. 201010056669 Al discl oses producing a storage-stable
pellet for 20 asphalt production, which is conposed of a core
conposed of 15-30% ground tire rubber and 70-85% r oad constructl on

bi t umen, #uethensiteeWOCHA14885 ambCAG?, 852484 dirmlosermMsdhedior REePaing a

e e Gaod i PR pSEERAE 2 Wl e i St o

contai ns IRagnd BAB sﬂa@amﬁg irPa silgHiyarontdtie Hyidnecgpaon bit bes a’hi@swaﬁl@ﬂbd

![ Ihge W&g[ e%lrggg{;/d@qe%szggajrﬁxs n%t%lng? |£s1 c} sprg?é(el:cj1 ) bul&nkeensgn Q%gm tl%lZel/ ﬂlafnd
rubber), and, if necessary, a crosslinking agent may be added in order to obtain a
storage-stable binder. So-called masterbatches with 25—-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.



The pellet may al so contain rock powder, additional bitum nous

bi nders, non-bitum nous binders, structural additives, dyes, salts,
viscosity nodifiers. S5Materials with non-New oni an behavi or are

menti oned, e.g. polysaccharides. It can thus be concluded that this
does not include viscosity reducers. The process for preparing these
pell ets includes procurenment of ground tire rubber and road
construction bitunen, reacting rubber and bitunen for at |east 45
10m nutes, conbining the reaction mxture with fine particles to form
the core, _and coating the core wih I r I

The net holl OBBW?'H?(‘}&H%’? fAg "SLHART " %ﬁcﬁ%’ggy t) Léegqr{aqugb%%tei?%ﬁh g? tStkr}gat
pel | et s byinhgsthpogerats Gré esthbvédomi thb bitumenataysisgtasienirgnal thg ¢ he
addi tion of” additional 15bitunen. The material for the so-called
shel | is biypesed to include, inter alia, crude oil wax, Sasol Wax
and Sasobit, and al so Sasol Wax as a conponent of the binder for the
so-calfed core beside bitunen and rubber, because Sasol Wax is known
20 to be useful for reduci.ng, the. tenperatures f.or t and
G schar gelrof PRSRAIe! PEBRIAS SULTESSRI0p deiaRe int RaPL BERAR 087
(139-121 @Y. iThstiahay RsdeAsprenedith @S hidinsn of rubbebend antvaied gagon,
shoul d be péerfornmed at high tenperatures of 350-380, F éggou% 1ﬂ§a%95
C). 25A skid adivatad ¢arhan ipdycesotiPOE IRSRAHSLEBISSOHE i) Bi5RERY Y PR
al ready a_pre- ' SANIRE U atebh 8018 iaREhMk bioduaed
bitunen),ag% '{%gEE%@pP?%HBO ﬂ&éﬁ@?ﬁnreddgiﬁfﬁ% tenperatgresﬁfor

pr odugi ng withdaaemityinirg esyblattasphs!tp Rubber isiese ggeed to thy hgtiraiperal

t horough anal ytjcal, investigation, j i wil |
recogni ze pf‘ﬂ%l%/) tbﬁgaétgnge@_tggpﬁ\ga V\ﬂtgl cir&%?ﬁ?(’?gélxgéofﬁ?te}gé;%éﬂe\%% Cg%érggg:ﬁtr ive
for modi f yiago@mphitdd Wik ehe bialraen adphavdr, visaosityeretecing etfeats ayfd an

bi nder for producing pelleted as;?hal t. whi ch ?{a&%b sents the binder of
t he asphalncreseadussistdnreprdaipstidgemmatiod g e * fractions of

bi tumen, which | eads to di sadvantages. Current storage systens,
conveyor systens and netering systens of asphalt m xing plants are

ot SOSt et e O IR oS il P A 9] AR A0S S

Ao conal T L e o por cachas. {or. Sol wi na.the.

f ol | owi ng coaglariape t thenaastic apehalbstsUFAISEERC §RUSHAN AL EIOB A P ar t

sources. %‘grface 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,

wherein the main component of the epoxy resin is added to the asphalt



The | ast-nentioned publication discloses a bitum nous conposition of
a "wet process". Disadvantageously, a rubber-nodified finished binder
is used, and the user at the asphalt m xing plant needs an additi onal
bi nder tank for storage, which is usually not available: There is
also a lack in flexibility for adjustn%nt, 20 since only one binder
wi th a defined rubber concentration and a defined hardness class is

contained in the tank. a further di i a
rodi 1 cat i on fEGtyEgieLfE RS n @R 3 o o pFpRhG $odh

bi tum nous conpesIrbé®ih rudbeepuriclest he swel ling of the rubber does not
prevent ed hardening of the bitunmen by renmoving oily conponents from
t he bitunen.. The 200805084 1yAOfhamin héatbid baftoro pdate prptesisttheripaeathi ns
the sanme as in a conventional ruybber-nodified bitu i :
reduced. 10 DRE&GeHENGRedICIHRCIFRANT émBrrOV?ﬁ(ﬂ“? ﬂ@%%ﬁ?%@%nitge?ﬁé&e 'S
obj ectsof the jnueRLhABnt SorBp PUbIE tRedBAOREIEATIdMepduci ng a bulk
mat erial of agglonerates fromrubber particles and wax, especially in

the form of pelbeapsassas AWgtH a dsatar-S0¥iRible oompssitionandf'wates stop
aggl onerate, particularly in a pellet, and use of thi,s bu nmat eri al

_ I
for the manuf ameteril'ogonsigsingl af watar-swellahle playy itae L JpMRPe ak[Brre'of a
m xed material Wtk i 1 Ihiidr 20 refnfécRigtierous
mat eri al , Mersé%éwege%u%t)&e@r&gﬁ%l C 2%6 arre corrrt?i ng?gm th the wax such

that the rubbepengs b ehos AERCRELE WatEbRroabs! ANRpsrbavadeus

to 10heal t h/'enviTonment and are honogeneously wetted with wax, tpe
aggl omer at e | i kesigtivet apdingiveatenand masyehemieats farthp ppsufagduedissdisand
safely, and can. pe dispensed w h Wt eRURidtsdalidYused as
present in thewggﬁﬁgﬁippﬁ?i‘ﬁ rg%#%ﬁ'{esﬁlpgﬁéﬁgﬁt& rec? a éli t_li on, the
manuf act ur ed agpbadtbnhiadiesiustiwatontor netiifyingahe pnodifot prepsrtiempdh wherein

15i ncrease its resi stance ai nst defornmation_at _anbi e
and i nprove thé-%émrtpod‘(fggtcé‘”jnr?ea et &eXB?n%lg%hg%ﬁ Pé\gltggﬁl ﬁﬁg%er
particles and thei ferbfi@B3bW8phAt &fct i on with the bitumen, wherein

oily constituents are not renpved fromthe bitunen in the asphalt and

the bijkunen Qo AphaRRen distitbed thétdptmatimatianfiredussd by triing
agglonerate result in a logistically nore flexible incorpgorati on oL
ik eRngast

processi ng t herethsmanategal peces, fer@@MmREe SiorhpCap tihes QR

material or of a bi i In this way, in particular
t he di sadvant aag'g%héésljscwrcﬁ%g?r?ﬁét@ﬁeggss 2010/ 0056669 25Al are

el imnated, so that reduced hardening of the bitunmen by incorporating
bi t umen conponents

Lastly, the U.S. 2010/0056669 A1 discloses producing a storage-stable pellet for
20  asphalt production, which is composed of
- acore composed of 15-30% ground tire rubber and 70-85% road
construction bitumen, and

- ashell coating the core, so that the pellet has a maximum size of 1/16 to 2

inches, composed 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 [Claim 4]) making up less than 40 wt.-% of the

whole pellet.



during the swelling of the rubber does not take place, swelling of
the rubber by added oil (but inplicitly by the added bitunen) cannot
take place, 11 the resistance against defornmation due to wax i s not
i nproved, an optional addition of poléoctenaner to i nprove the
conpatibility of bitunen and rubber dots not take place, and only a
smal |l fraction of maxi mal 30% rubber is possible. 5 As part of the

t echnol ogi cal chain, such as the aggl onerate production, the

aggl onerate conposition and the production of the inproved asphalt,
benefits [ Sl ; ' : AWalc SAYHNGS,
reduct i on '8¢ PR RS RESTIBHTE Sphdct, S RaRE B o e
and pneunpitirainous ircieani stalctural additnvess, dgeg, sattewiswmsity yaedifieran be
realized in order to reduce conplexity, such as tine, energy,
investnments for nodification facilities conpared to conventi ona

bi tumen nodification. This conplex object is attained by the features
of cl a$ msMhtdrml2@ith THnTHewtmmidobehavidntasd mentiongfne.g. pelysagrharides. It

par 1ol escan e i CeT i el RaRELa FRebRBLradieel™s, L orani y

m neral oil paraffins, Fischer-Tropsch paraffins, am de waxes, peat
waxes, polynmer waxes, esters of glycerol, by swelling pre-reaction of

20 the bRt Rkt E2oaH, R AR ONRLs pHaEPden SSbUAREIOCT eon

fraction nmechani ca enerated 1 n accor dance
with the albdersnd road 3pnsinettionditudes, tdueting rhiozerstneigytupien for gf least 45

activation of the rubber by swelling and, by usi a i e

f r om AaphiigHes. mbygingrthe ﬁ?%&e nr[g‘xg.'regy lfrgfing, %%ﬁ@ﬁaag }Qﬁlﬂr {lh%gi()?%’gﬂd
oi I's, nat UpalngPhkTofd Withl L¥hdTEbLfbAE tiRapalfdti ns from the

Fi scher-Tropsch synthesis, b) coating of the rubber particles

activated by swelling with a nelt of viscosity-reduci ng wax and
optional polyoctenaner, 12 c) aggloneration of the rubber particles

agth i vat ed Thﬁ nSRbY ifcﬂ?pr%_tldfilng ra@pu%ls majde;_-tnedmfagtlimaf tgacbediptsi hgfnal
adhesi on- enhanci ng materials such as resins or po obut enes.. a

bl endi ng beaﬁiﬁ&améc:%}blw w.*thtas}msm’iaé‘ét%'ﬁna{’y g\ee%iﬂﬁ‘i’%‘ %ﬁ%ﬁ?‘ﬂéﬁ t he
swel | ilglg AESALLPenet rat es into the

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.



S5interstices of the rubber nolecul es and urges the nol ecul es apart,
the attractive physical forces are reduced or interrupted, so that
the resulting | arger volunme causes a reduction in viscosity and the
softening causes a nore intimte and hgnbgeneous wetting with the
wax, wherein d) as a surprising and i nVenti ve conbined effect in the
aggl onerate due to 10the greater volune leading to a reduction of the
viscosity and due to the softening, a nore intinate and honbgeneous
wetting with the wax and an increased stability of cross-1linking of
t he rubber, nol.ecul es_wi th or QL el b8ni
ertect 1 s ARRREGT gyl et RBIGHIRE nBR, B B Rifon WASHELA tRcBnize
ef fects i ghdthieestsqhabiied pellets fo odtimptesdn aa atditve fosmediyinglasphalhingo

bi t umen conpound, or in bi t yme onpound. Accor di t -hod,
by addi ngryeher aéph%‘yé?utir%h%?w‘?)ﬁmﬁ%%%%’ C'i“PeDr‘F@g%eg??sffpg‘?'etﬁgp
svel | 89. 1 20J&ias s BRdict of fnerddppitioxpiusively dnwigtiiningd adeitiblalitactiohs
preferably 25-35 w.-%of the nelt of the wax rel ative, the rubber

fracti on. opbigimpanvoith leadslerdisrdvantagesh CHTPRLIPI AT %@t@%d’%\’ey% in
the wax ”%*/étenﬂgga\?r{oe%%@% V!Jsgbgﬁi/éf SHMMAInZHaRB e moVebmstidteedviox

melt, is alf'sc advant ageous. reover, 1t 1s useful to further add
0.1 -5 w thetsd obalkekd, graruibabicidayg nmaterials, for exanple resins or
pol yi sobut enes, to intensify aggloneration. 13 The wax nelt should
be added to the rubber particles to be activated by swelling within
about 2 - 3 mnutes. A mxing and blending, particularly to a pellet,
can odeur Thy skilled arésarcexpast maiiefer hastom adsaghirg ehlijlroen gﬁrdga&g,
mll and hapi ng dj e.. r.usl . a heat-generating mxer as
friction ﬁf"i@&gn (%Pﬁjlngt'?ﬁ]%ﬁqs'}%?%}ﬁ?%@emn ers. 10 The addition of wax
to the rubber particles and the formati on of aggl onerates are
possible in two successive process steps. The aggl onerate produced by

the met Nodk 5 WRek0 bASIBREBAU R 2016023 PAAN fio AppRIdHES Ror solving
conpounds ﬁroug% Ifect addition in a mxing piant for mxed asphal t
the following task are found in the combination of the analyzed prior art sources.

15

The last-mentioned publication discloses a bituminous composition of a "wet
process". Disadvantageously, a rubber-modified finished binder is used, and the
user at the asphalt mixing plant needs an additional binder tank for storage,
which is usually not available: There is also a lack in flexibility for adjustment,

20  since only one binder with a defined 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
composition. Moreover, the swelling of the rubber does not prevented hardening
of the bitumen by removing oily components from the bitumen. The viscosity of

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

modified bitumen, and is not reduced.



15materials or bitum nous materials, particularly in the formof a
pel l et made of rubber particles and wax, and includes: rubber
particles having a particle size distribution of between 0.05 and 5
nm a nelt applied into or onto the rubber particles fromwax having
a fraction 20of 1 - 50 wt.-% based on tthe rubber conponent, and an
absorbed swelling agent in the rubber particles in a range of 1%to

100% of the nmaxi.mu sorhabl e n f the swel i ng agent. The
aggl o_rrerabfslcglpg'&\? Qﬁg %EWO ta'i‘rée 8"t hin 15 nminutes as a bulk 25
material with a dry surface by m xi ng or aggl onerating processes. 14
For the preparat| on of asphalt, a bulk material by m xing with hot

bi tunen i r i

or epar at i v DiOUEE! angi PR B 2o RS Erbiaing Slouatorial

he- bi ?LLSﬁb%FSW@;“F?;???Z‘?%?WM““VS{ roiprrmciony 2@“" wihoE
refer Vi (Q ) Y

fracti dn &f Veellasy ngyel R rbﬁﬁ“{‘ﬁézg Ofntﬁé}?ppﬁggtufl mf%‘hrﬁ let, and

t echnol ogiygalof Hﬁé‘gﬁlk' HalcpdNféR the Hanbiacture®if eghalt anavof tHe imprayed he

addi ti on occurs to 15 seconds prior to the addition_of .the bitunen,

b) ar apl asdhalt et @fga miixeshmeterigh withgPigimaingpe S1atgria) of of ALY n of
rubber F?ﬁgﬂ{t%h&ll \?/fmﬁ?é?lq #f fUbpe Fggrtl%fés' %’]rgtdoﬂ{bn@éd WK theRBRIsuh ehat

per f or med hi h I'S perio etot hi gher tenperature and the

high shear forges, sy PQ%& >%c‘ﬂgatgf:iQﬂiﬁ‘fr%‘*&t elibdthscasmialrdoud tee heat
i quefies the wax, the qui ckl'y releasing the activated rubber

parti abes, health/edylrdzr‘maemhmmbaredmwﬂr@@UaldtWQIHide‘dmbwaﬁfr e-swel | i ng
produce an intensive 15interaction, such as enveloping with th
bi t umen, and/ othe aggleineréte |lkﬁ)¢hﬁ@etl@ﬁ]§@ﬂélelﬁ{@r edgan tr@'Pfé’Q“&ng@SgY ang

to 190 C. Wth a m xed rﬁﬁo dlsggﬁéeec{ R tl‘f’é §\?sb§%§8r%t@5‘ﬁrsh§h y WisBn@in

bi t unmen corrpouﬁa]c hf rounde an | ntroduction
tenperat ure of tHLBspral2dikikg plants for the dlrect 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,



g) a degree of conpaction in a range from98 to 103% h) a tensile
splitting strength in a range from1.70 to 3.00 Nm®' 0O a tensile
splitting strength after imersion in water in a range from1.5 to
2.5 Nm®, and 25j) a resistance agalnst def ormati ons, neasured as an
eIongatron rate in a uniaxi al conpressﬁon test in arange from0.6 to
0.9 * 10-4/n %. 15 The process for the production of asphalt or a

m xed nmateri al bi tum.n terial by
using a bul K nﬁteerle?ﬁ ar}creoehqa[nhsg G%FOJHW@Q%@S%’%@S?@?ﬁ@geﬁr m ned so
that the swellin e netr t rubber
nol ecul es duri ﬁ@gﬁﬁ%‘ﬂgﬁ()%ﬁro&e%ﬁoﬁém ag%%r:tgsrhgtog{eft Fﬂ?Smgﬁ]g)%f(altd)iﬂjlcesf or

i nterrupts thepjpipyieh eal rabberadkies\/r&)tft@ke:ﬁlar:evmd ein reduction of the
viscosity is produced that is stable in the mxed material for up to
180 min and whenrgizslEl fragtidref mesiaedl i30fo nfbbehes possdBei ty ef fective
over this tinme an increased stability of the cross-Iinking of the
rubbersnol ecules with each other after incorporating the

aggl oner at es, acconpani ed by a stability of such a fornul ation

10l asti ngAlsR)etr‘OothB@ tattmologicallwhaimedch @& tisg aggtems@ﬁétr@dlrﬁtb@”omet he

m xed material wth bituninous 0

conposi ti aaglerieratens s Rositionatd % nﬁO%HCtt%Of\%‘gé'gg (?) L%Qpﬁ %Hsbenefrts for
bi E um n?”%ﬁé&@(@%érh? %ﬂdrrélréble ¥emipactiérs gnerdy sdvivgss (rematrxbndlﬁ@mlsswlhfe
interaction wi

he 15 svvellrng_ rrgterral an V\%| ,ththe
reduct i onsheulgthe @ﬁ%’&%r@&ﬁt B¥plAgoas A¥Pider Ghd ey 'fé?f %nb(y%
m xed  gat %é yr'mqagscu lcoﬂ§eﬁd?ffb§@§@¢e§¥z@@'rh bkderabd rédilﬁ:ecédbﬁrﬁekrty)lsunlg

of the rub es an Such bitum nous

conposi t i asginvé, temeagyglimestracets fnaywdlf@@tl@efaﬁﬁéléstcémpér%rq ervestonal
treatment of traffi.c routes by spraying the bitum nous conpositions
and appl yrbﬂl"jmﬁf’r@?gf% alion. “rhe” v ubber particles may be obtained from
processing scrap tires (car, truck, or parts of tires) at ambient

t enper at ur e, because rubber particles produced in the 25cold exhibit

unf avor ablp %%c/{%%gtb@ﬁe tytb’é eaThrPesrdf”%%ﬁsﬁatbtﬂsd es my

therefore Wm erabl 10-40 wt.- % based on
t he rti?ber fracti on wi t h napht henl c mneral oils, paraffinic mneral
oi | s, ecycled | ubricating oils, natural oils, fatty acids, or

paraf fi nSBIT% %{b%dar%crge)d % larh% %rf réﬁﬁanﬁ%hQ'buWrﬂB&Qiél éﬁ’nt heS| S,

and t hen ased on e ru r fraction, with
pr ef er abl )eg@(bmé@te/m thaténofude mbber wdeleefanﬂezy(ax wite Iatﬁﬂi"ﬁtﬁcﬁ“r'f”bﬁ‘?'f‘bnal

addition Oafboe %oc&t préafms ably mrneraggrll Berirr%r ,gischer-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
25 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,



5The fraction of the optional polyoctenanmers in the wax nelt is 1 -
50 wt.-% preferably 25 - 35 wt.-% Here, the wax nelt serves as a

bi nder for the rubber particles. Optional ly, the aggl oneration
may be intensified through addition of_ 0.1-5 w.-% 10 adhesi on-
enhanci ng substances, such as resins ot? pol yi sobut enes. All waxes

mel ting above 50 C such as paraffin oil, Fischer-Tropsch paraffins,
am de waxes, ,peat, wa f e n be
used as vvaxe@. agglo%%gga%%{hé%éﬁn nap%'t8 %gﬁ?\%&ﬂ%ﬁbg %ﬁgﬁ@ﬁ@ﬂi He\earubber
i ndustry or conmedsityreiusiy waphnd aptioms adhesisoieniiaheingsnatepalsiaaichc

mneral oils, which are oduced by vacuumdistillation from suitable
crude oil and RPtRIY0E 06P%ﬁ#?”§ﬂﬁ§é¥t?eﬁ¢én? i Hi"RG oA Ior(r%gfi ned or
non-refined paeghfiddion dlipséddrabiomttiat aed watingayehnsshetoosm it tabl e

crude oils by vacuumdistillation can be used as paraffinic njneral
oi l's. Al so suiirdpiséices ef tierepher @PI@H'G\WF&WS%tW%Wiﬁf%‘@%?F&ﬂrﬁ’EQ‘%d

| ubricating ol laﬁ{ac%i@e?'@&si@ﬁfﬁd? s ar%‘?&é(@ée%doﬂﬁte?ﬁfﬁl’fg&%b'tﬁ?ﬂhb%ﬁﬂ;in

e.g. refined or trans erified esters of glycerol with fatty acids
are suitabl e asargat wiameniduses alrgdTttorpandgdosiiy andithe aeftening gauges@

are characterized by.a fraction of |ineal,.. > and 90%
and a density Hfor?d%urgﬁﬁ mﬁ%og?neﬂysd?étggé @gﬁ?mﬁm@réﬁ

chromat ogr aphy, and ar.e aobtai.ned frao I

Fi scher-Tr op@c/ RSAFHRERNY aﬁ@ IBY%qulvFlclaa}rls H(g'ﬁ?dr %ﬁ%gﬁﬁ%ﬁ%@@ﬁe@ﬁt%&t?c
al i phapi c, ar omms heeatsr ihkYeatioges & cedyadion o thrmviscesiiyrand die foetbien
esters and pol yterpenes derived fromtree resins t.osi n% @éqﬁl;(ea ﬁg
as adhesi on- pr SRBENIAG: # BQrRNtIMA RO SHRRE S PR WGP 13 A D et
that the swel | iNgeRG& taBRREST FESIMKIG of the uBber Bbiesaiesofith bree r ubber
nol ecul es and urges the nol'ecul es apart, whereas the cEem’ ca

| .
cross-|inking shptherisee neashicedewperejmtits efiastis thehass o R i BelgNtighe
physical Tor cegoof, ALY AL AN ARG eAPRER1Pbe bRIGIcBUPHASImIERE

resulting larg vol une an e softening causes nore intimte and
honpgereous wetrhategalbyith bditlEwexcordpawed, ohin adilumenmempsyndn t he
asphalt m xer, the bitunen can nake nore intensive contact with the
swol I en structure of the rubber nolecules, w thout requiring |arge
amounts of oily conponents of the bitumen for the swelling. 20 Change
or har denixgoeding hetHs metren, by addimavwayy a lageois| forreemrpo temfupbies items

thereby . ated 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.



reduced. The nolten wax reduces the viscosity of the bitunmen in hot

asphalt m x and therefore allows reliable conpaction of the asphalt

and reduction of the 25tenperatures for producing and installing the
asphalt. After the asphalt has cool ed,  the wax solidifies, thus

i nproving the resistance of the asphal13against defornmati ons due to

its hardness. The optional polyoctenanmer fornms bonds during the

aspha t Pradusly oRuoal bOGHEAT E HAGFBEMRHiQLS 1S Ko bildied rbg%?e’nir@gd

asphal t. ne rubber partic e aggl onerates produce
accor di ng vithirt Aleoutrvedniioatesan are readi |y conveyed with the

di spensi ng techniques existing in asphalt m xing plants, such as with
screw conveyors or pneunmatic conveyors, 5which are also used for
fiber pellets. Dealing with dust-free aggl onerates thus al so reduces
the risk @ mikisg aed plavsiing partidubarbggl copellehtcan cacer st ered directly
into the asphalt m xer in the production of asphal t, based on

t he bi sum nous adwabed mechbanieat miderf raction of 1 - 30 w.-%
10preferably 5 -20 wt.-% The aggl onerates can be added to the hot

m neral subst aeztgsibefdihean ddge nyll end arshepingifie.addi ti on of the

bi tunen. 15Preferred is the addition within a few seconds before the
bi tumen i s addedirugiesaeise t he hi gher tenperature at this tine and the
strong shearing forces cause a rapid disintegration of the .

aggl oner at es; & lwas-ggnstatingunixenas frigling Mixeise UGIPXEEY YUERO TBIG'S a5
thermal activation of the rubber. 20In the asphalt m xi ng process,
the heat liquefies the wax as well as the optional adhesi on-enhancing

substances and quickly rel eases the activated ¥ubb r particles. The
act i vaoi o heyadshiarsoleha trythedBler ReTiEes g SharcRURBIL 0RIOBIRFIFS e

| nteract i %ﬁs%?&nq{/\b%eesé\?e Pﬂ%esg’%ﬁép%f asphal t properties are
{ :

achi eved an wth the conventional addition of rubber particles in a
dry m xing process. 25 Wth the optional polyoctenanmer as a reactive
pol ymer, the conpatibility of bitunmen and rubber is inproved through

the for ”HtTih%”a%@jlorﬁB% BRodRRATS, thEBeBH t£OsdBM the e atitre of asprestsed
viscosity of the asphalt m xture due to the o .
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,

- amelt 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

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



19 rubber, so that the produced asphalt |ayers with asphalt finishers
can be better processed and the required degree of conpaction during
conpression by rolling is reliably achieved. 5In contrast to the
viscosity reducers that are liquid at ?fbient tenperature, the wax
used herein does not cause softening at’ anbi ent tenperature, but
rather increases the strength. The reduction in the viscosity allows
a reducti e i d h;
rubber paﬁqrglﬁ%é%ﬁ)ﬁ}%&ﬁ%ﬂ <%flréo Sg{t%gé%frﬁfﬁﬁggg%ﬁgﬁg %ﬁﬁg&%(wgqgﬂg?%?’t
| ayer. Thivehesainder teelmtinggheiemgpratanes fohbemsepmetion anf agplieation toe

mpr oves. SPRRh G S0HFery SRR e B BhEY Mpe e TR i R g ot

envi r onnenke h&ditibe ot bivahae wittusRactfonssfriap3a ivt.€%, prefértablyowith ext  of

t he Recycli n;(g and Wast e NManagement Act. To c;%f_e much of the
accumubat ifiagtiar PAP -t20r Wk ‘abpgedi o the BHIBAN a7k a | ow recovery of
ener gy. Mor eover, polynmers for producing polynmer nodified

bi nders are conserved, 20 because they are replaced with the

| ubr i cat | Aedprandiedieayiasrds s ity £ 8red B Phih™ i fea erude
and banot | i 81 128 PRGIEN CGEUCY I ATHP ERETPY RulTert bRt ofHE ML R?

by uni nous. <BrEaRELBRSIEN¥1 Bae Rl ey re e RO PR eGT 1
be di ggovered suefpsshnd bthéindl ketitatldnasfithg rasiveplaes pedfosheld nithinghis

with the following results: 1 The conpositiaon of bitunmen is generally
descri bed usi n@eHOd GiledP dag hr%*@@t%@@i@%?@ﬁﬁdh??"ﬂ%S*?ﬁ%g?r&?% of

subm croscopic small solid particles (col]oids), called asphaltepes,
and a surroufidithia MEiRYP(AsESs Pfﬂ@aiﬂ(‘i‘ﬁgeth&fh%taﬂ‘é‘%l@ss 89{"%@3}%@ y
cal I ed nmal t enegy,ickiy B1saM $iRd Activ8icdNBBE! Yaritiab] e because the

mal t enes stabilize the asphal tenes. The nechani cal properties of

bi tumen are geties RIBHRA partiddieadtilatedbyprd-anéinng producefdraigtdrsiveof the
asphal tene phase, - viscosity of maltene phase.
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) a degree 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

uniaxial compression test in a range from 0.6 t0 0.9 * 107/ %o.



The vol une fraction of the asphal tene phase increases with decreasing
tenperature. |.e., nolecules change fromthe nmaltene phase into the
asphal tene phase at |ow tenperatures. Wth increasing tenperatures,
15nol ecul es change back fromthe asphaléene phase to the naltene
phase. This nodel explains the i ncreased hardness and stiffness of

bi t umen at | ow tenperatures due to the growh of the solid asphaltene

phase. I

Comonent 3 TSGT Rerteitb & Rrdd BT ob Binel & hiyshiifaya i e ipinous | o
rubber. Theatethb&ra bmmlmbesnatlasalddwusmg aémﬂematenﬁd)fmrrethﬂmodmétdm ce)
and becone stter The, ef f ect

bi tumen i i |
cool i ng: BAWIGPEEGS er{ngegap |ﬂbaq§§?)h‘§(lé{re a@'ggﬂgé%]qtﬁag?sg&tgg{ éazg t he
bi t umen handefies APFREUBBEENRASHRIES GurirtemBiwy, Iurg@ vl hbleculespiart and
al ready preenpted t?geért he addition of swelling ents, the | o(g%el S

o

the upbakeedicesapbieaipss thedhysise! Bﬁt@&%f%?ﬁﬁ t reigdedydi
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thus the fav oWt enperature properties of the bitunmen renain
| argel y i vfesein dudihgthe Teduaionaiftieel viecositysgffectve ekemiGisaléne e ingeappd

ol in the ry ber B%ggrlo%iﬁhlﬁlgts ?Neel:lﬁ)%'er%q &wﬁh%%ﬁﬂrﬂ‘?%?%‘? W th the

i nventi on, t‘?tHI IS pre- svvo en wth 't ng agent.

Thi's swel lihag @r@hhgltt@@tagglom&alreepmmmm@d bhe siehiliprabseslis adbrrilation
prior art rretﬁod Accor di ng g i nvention, the rubber granulate is
her ebyl0i nd@stiner ©d1§Ghmiptis o ‘still specifically heated, bitunen.
During a so-called "maturation period", |ow nolecular wei ght
conponents mgrate fromthe hot bitunen i nto t he rubber granul ate and

swel |l this_granul at rts t he. has

10t he bi tur’f‘gﬁ theggsah 'tlrﬂ‘t’(d)rq %n}nﬁ%{)g}ater@ %ntﬁ S?éﬁng%rﬁgggﬁ%?rgntqes
lless flexigumiRoes é&lﬁ%ssél%rerﬁw it apshiotss in g \ﬂé@iﬁty@gmmsltummbds
tenperatures. Pre-swelling according to the invention noy\‘agagﬁb

reduct i on dompdséionsglssiveje iits Anilalpazqasity Gflettq’lg‘er ipkpactiqmwy
the asl%halsavegfnw?%ér%b??a- S wak, wﬁﬁ%ﬁ] R@hﬁ:{léﬂ lnﬁhé@ﬁ’é&‘é@ﬁy bﬁmgrﬁﬁﬁlé%r

of the oil's unmen I nt hase during m Xi ng
t ranspor t ,upt foust 8@nsirr inrthe tohiaed mﬂiem@safk tNIeH@SbﬂQrQ piaktlity @f tlhét%‘i’ffﬁs

its origi ch risti 201t us be assuned that harder

bi t unen tgﬁk égﬁ @b%%fﬂ@sawﬁﬁapﬂ %%ytpext with rubber nodification
in a nore targeted fashion, because an "action effect" for the
renoval of the oils in the wet process can be better controlled and

nmanaged. g%@cq}m gvéeS?M&‘BFhIB | t u &rﬁ&a?é@allnlag L AGE e & it §§l§rféé%

a mani pul a properties or may even be used
as f oldgowsfeatment 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.-
% based on the rubber fraction with naphthenic mineral oils, paraffinic mineral

oils, recycled lubricating oils, natural oils, fatty acids, or paraffins melting at 20-40



Dependi ng on the avail abl e bitunmen and/or the quality of the

recl ai med asphalt enployed in the asphalt fornulation, the quality of
the resulting 22 bitunmen fraction contained in an asphalt m xture
can be influenced and controlled via t?%s mani pul ated variable. A
technol ogical final stage of the inventton is the addition of the
inventively 5prepared agglonerate in a mxing plant for asphalt;
however, t°P39frc}rﬂ\{ﬁQi:'is%ﬂeP—q‘Fbp%lcﬁ% nfﬁe'é%eg %i“tﬁe?t SRGRicA! bQééHj&ﬁ the TMBer
aggl omer at & SO Causes ver g Ive eP cts when used I n place of
unt r eat ed frachberwitondso wtn%a pvﬁterq@lyod:@s 80 vBothot menaltimpde afwayent and

ORI TN N A

i ncreasi ng the throughput rate or by S|gn|f|cantly redu0|ng the
ener gy consunption Furt hernore, advantages are also attained in

applicati bber [ i ;0 4S 2

tr bat mant s " d‘Faﬁ‘iB’Hc?i %ﬂ@t'%mﬁﬁgﬁs%ngkﬁgﬁgthg%#?ﬁ%”t'g1aujsoLr toe b by
hot - spr ayiphgferdbty 25f-@5 W% gH@re) tresswas treght, setrhee ag grieqdarder thegubhen
di stributed over the hot surface and rolled. The inproved viscosity
proves agaﬂaﬁt'cé%ﬁlant ageous for the spraying process. Likew se, the

process is significantly inproved due to the above-nenti oned nore
targeted possibility for fornulating t he bitunen. 20 The swol |l en

r ubber icles ipcorp rate int h %

el asti c 'Ot”ﬁ‘gy éBSﬁQQFmﬂ%@ YR Ge @i%ﬁtsaﬁergatﬁfé rijelﬁ?(a ﬁ@s&a@ggﬂ\g &

expect;gd tQNBRERGEL Bhhahd@nd Bubdstantes)Rach ayeasiny er pbiqiwbatem\eage peri ods,
the i nproved el asti c behavi or at | ow tenperatures can be used to

enpl oy 25harder binders for the asphalt production. It is thus

possi ble to devel op asphalt fornulations with a much | onger storage
tinme. Econqnivaxdy el abbvef50a3pbath astarafiin onltriiiemiteiryTropsi;qh parsinsl e
when reusing of reclained asp hal . Since rec mﬁd asp aIt?) l%s% %Ily
| ack el astaHEEMEHEE BBV RS SOVEMIERESII &Y %‘Sto prigrol Gan Pedtvesr
fresh bit s S 23 necessary. For this purpose, so-called RC
(recycling) variants have been devel oped with pol yner-nodified

bi tumgns, which are suitable for reuse of up to 20 Mspasphalt. Wen
the use of higher asphalt fractions is desired, another binder with a

hi gher fratd/iQBnfie, IGHIHAEHI€ il ALY thequPIdsrEndigstry 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 lubricating oils.

25
All natural, recycled or chemically altered, e.g. refined or transesterified esters of

glycerol with fatty acids are suitable as natural oils.



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. Sui thbl e binders for over 50% added
RC are not yet 10Oavailable. In the future, particularly high economc

efficiencLes wll becon iRl it I : i .
Wth the TGBRRBTOGR SHTITHEl St G Sr e TEa AU E i Sfencs
possi bl e betEErch0 bhe 9086 uhd eddansiiher 700-80Dikghnexadol °C, tas raéasured by
respective production process in each mxin | an . €. eac L Xt ure
cont ai ns ChENItPpiRRYafRe are phiain §‘Pr9%\? fﬂ'g P%@%&Pﬁ&\eﬁéﬁ&%ﬁ@%{%—
the exact ng%gl)él igambhty of rubber granulate. Additionally,

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

Not ewogt hy are the properties of the finished mx, because the
previously 20tested asphalt m xes required high-quality receiving

faci litiegqf akamP, al ARkt anphar), sranstid eastst g aidmbtiehjdocirbanyesise.

For exanple, stone mastics (SMA) are disti n(r;w shed %Pvfﬁ:{% ghood d

stabi | i t y oamesimegtersend pobéeroenns 8erivgthiren I78e restsiRasieaniieyped as

bi nders ara%hgsﬁﬁﬂyf@% E‘ﬁgﬁ? ﬂHé pose. The results of the eval uation of
r GV SROWRA That

the prior a at with conventional use 25there are no
significant differences between rubber-nodified and pol yner- nodified
m xture types. Regarding the durability, as neasured by the rutting

test, ;5 g iﬁ@é]&ioﬂq{%fthé%v%?éil SEER thl thd SweMh ia?@nt gefietrhenints theg
or t 24

t he aggl onmerate acc ing to the invention.

he prepare‘gion 8{?9
t he aggl onmeetiees ahthehwbbeomleayles aitd vigesdid sroderules pRait.n¥negas
follow ng steps:; Step.1: Wy [=Yor & SdR®Ged. Th
particles 0?1‘8(7{‘)?% Cﬁosﬁgm}ﬁ"@%&% %t@geﬁit@%éggmeﬁgﬁ&o? Q%g]% \f/\r)egn 0. (%;(5a ande 5
mm  pr ef erlbigalforces df. Atrastiondriechearedusetiair idrraptesnt hemesulting larger

tenperature by nechani cal processes fromscra ires AP

oo 4| egoliite ShAdre prBENEs SRuSTsere Mty 8hd PehRisPais Hefino by the
magnet;i.c angd nmechani cal processes. 10Step 2: The activation of the
rubber by swelling using suitable |iquids, such as the naphthenic
oils now introduced in the rubber industry in Iieu of the use of
highly aromatic oils, wherein it has been surprisingly discovered

that even AglrihalvaRiis fel@Uah tias aysigt ralkee, thé bjtupenafah make oidrs,
recycled lubricati n%ygi | s and paraffins negct}‘i nﬁ at ab%ut 20- 480&

whi ch ar e inlsnsivasanEshwith tae SWollERSIBHUS AtPJ byer PRIECHIESHTETOL: ¢ eam
of the Fi igat‘ﬁﬁharléfﬁé%ounts 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

25  temperatures for producing and installing the asphalt. After the asphalt has
cooled, the wax solidifies, thus improving the resistance of the asphalt against
deformations due to its hardness. The optional polyoctenamer forms bonds

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

asphalt.



synthesis, are suitable to produce swelling. A preferred enbodi nent
of the swelling involves the addition of |ess than the maxi num

absor babl e anount of swelling agents under nechani cal 20agitation,
whi ch ensures the honbgeneous distribui'on of the swelling agent.
Step 3: Wth the addition of wax, the bber particles activated by
swelling are in fact coated with viscosity-reducing wax additive,
opti onal 25pol yoctenaner and optional adhesi on-enhanci ng subst ances
and thus a production of agglonerates fromthese conponents, thereby

resulting in th ] LSLrd ' ' i i g wax
on-the r il dedlbpe s ahd b s IRt ae oI gD e,
bat ch pr ogesstisnann sairéablyeconeeyehivith piue dispensingitedhniguesexiwdl in

pol yoct enar ner,_ adhesi on- 25 enhancing nmelt wt ! bber
particl es 2Spaal FH’EIP%PF%P%LﬁutCQlﬂSeW@? ﬁ?r%?’vo?oné’?%%llbéfplﬁ%u%ﬁg%\%?gﬁ&gw rl
the rubberymal hicchigs uskd for Micipnatsi Dealimpkits dusefres agglomeratesigusar ms
and which attain a uniformdistribution of the wax through repeated

cont act ofalacnedsaes therisgerh dust XPlogioNgr nat i vel y, the 5wax and
optionally the. pol yoctenaner and optional the adhesion pronoter can
al so be supplied to mxers in solid formby controlling process heat.

A preferred enbodinent is the application of friction m.xer S
fluid or tiierrggierrerades S{?c'ﬁ'e?ﬁrﬁgrdg © @h'é‘?%fr@ Fgpha é‘&'é@%‘&f‘ég 2%‘%‘%6@” of
friction a%ghélﬁ‘,%sefﬂfrﬁﬁ%-bitﬁfﬁiﬁéu@é&ﬁbé‘éiﬁ'& WhR o flhtien giar13@wess%and
start of t m xi ng 10process, the swelling agent, the wax, the

opti orlél auiéfesaldyn SerdPambi’ag pol yoct enamer and optional materials may
be added in any order or sinultaneously. The conponents can be added,
t he wax can be honobgeneously m xed and nelted in one operation. The

optional polyoctenaner enhances the conpati bi l isté‘eé %%t weg)n r ubber and
bi t umen 15therzagiemerases ean berasiied|tp e Ret Mipereli HFRANCHS DE[YELTENGe"

the coati %gteﬂ]heé g%ipél,?gp(he%{ hsles are all nethods, which in

addition to ution of the wax nelt agglonerate at the sane
time the particles to formlarger aggregates of 1 - 40 mMmmin
di aneter. Here, the wax polyoctenaner nelt acts as a binder for the

20r ubher %%érﬁécﬁ% thd Q@dingm WA ad8distbondPbepaheRi meahRNRIded,

substances may enhance aggl oneration. This can include the follow n
met hods cdravansg theskighentepnperatuse apihoe brgiang! thagtengshegriag forces caus

t [ ith ed i | i i X4 ; ti
tep: he st SE8T e alion B i SRABEIAEE o plERlistiblath of b digbeel f ve
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
particles. The activation by pre-swelling causes a more rapid and more intensive
interaction with bitumen, so that better asphalt properties are achieved than with

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

25

With the optional polyoctenamer as a reactive polymer, the compatibility of
bitumen and rubber is improved through the formation of chemical bonds. The

molten wax reduces the increased viscosity of the asphalt mixture due to the



The addition of wax to the rubber particles according to the
invention and the formation of agglonerates with the aforesescribed
process steps may al so take place in two consecutive process steps,
wher eby here the optional pol yoctenamaL%i nproves the conpatibility of
rubber and bi tunmen 30t hr ough chem cal oss-linking. 26 The
conposition of the agglonerate is characterized by rubber particles
havi ng a SHEI8 rat
el evat ed tClj %& 6h?§etta%gﬁoduc§d ?‘Yﬁrxlgefsggwﬁt%sﬁ ﬁl{g smelcléf]lrye%éguéent
absor bed rp&pxiﬁslsemamddhé requipar dédreaio€ cainpaction dwind @dﬂpr@ﬁﬂpﬁgﬂl rﬁﬁ'”@l I
or natural oil Fi scher-Tropsch paraffin nelting at 20-40 C. The
fraction é?rec"ﬁglyﬁﬁé’l'ef €y agent may reachthe same mass of the rubber
particl es a fraction of 1-50 wt.-% based on the rubber
particles, of a wax with a 10solidification point above 50 C. a

fracti 1- % bas

pol yocgeni'?rﬁ?)mﬁ%&f]tgﬁﬁe %(O 6’ %ﬁgg%ﬁéﬁ%%?qgﬁiﬁra nﬁ%‘%ho g, Rat%% the
adhesi on- epbaRRidEEreIbEsaNeETausy Gbftasing es Bnbient teobgiaesubehethersThe
guantitative and qualitative attainable values of the properties in

t he asphalifcrapaees Wﬁr%ﬁ%‘@ Rvith the fol | ow ng features in the

manuf acture of the asphalt and in the installed asphalt: the

aggl onerates are di spensed directly into conventional asphalt m xers

during production, of a t V\nthafratlon %

pr ef er abl yf hs redggfian %tﬁg%s%§§%8'|W ?ﬁ% Ystie]) rgiﬁh%gﬁc%ll%egh ’

aggl ongr attﬁr% @fa@u@@%e&@ar&ﬂlﬂtm@bb@} patislessniisd prociestidredbthe, aspbalt ngx
or after t addi tion of the bitunen, wherein it

ef f ect i ve andehe esehalilaverekhis §3ves Realiganaseéng t Eé@gﬁé@”ﬁgfe&'as'?’ﬁ%
bitumen i g added,  BRGAUS Q/ﬁégasﬁcg%bsélgfﬁ’&'é@fs%hé eVirbiingnt Afeinairdvédie

hi gh shear® 501ces 1Rt m xer cause rapid disintegration
of the agglakplnat esfetpr e-di stribution of the rubber particles as well
as thermal activation of the rubber, the heat then instantaneously
liquefies the wax in the asphalt m xing process and rapidly rel eases
the activated rubber particles, wherein the 27 activation by

pr e- svisl | iAgadditisnsl pestiveafiactdn drelenvitsnaniés thet fégféré/ﬁlt@rf%% Rf scrap

3;;“2‘;& ti gﬁé &%%Fbeté ngrfehﬁﬁé%&ﬁ8%%Btwgﬁea}wgnééérﬁéﬁ%tcﬁgﬁéfee%Jd?\ a

of the accumulating scrap tires were utilized only with a low recovery of energy.

Moreover, polymers for producing polymer modified binders are conserved,

20 because they are replaced with the inventive rubber asphailt.

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



the swollen pellets introduce an additional wax conponent which
reduces 5the viscosity, is advantageous for processing, intentional
conpaction, saves energy and reduces em ssions and increases the

resi stance of the asphalt against defo tion at anbient tenperature,
t he asphalt properties are inproved mﬁ%ﬂathe rubber particles
activated by swelling and through intensive interaction with the

bi t unmen, P | L] I i Lo wi
oi 1y consth DB sbe el Sl 86 TR g G P o AR Aot he
swel | s, telowdegrdseitsng har deni ng of the bitunen. Exenpl ary
enbodi nents of the invention will now be described, first based on
15tables, and then with reference to experinents docunented in Figs.
Ito 3. The figures showin Fig. a diagramas a function of tine
of the viscoki Thesbnipusitiondifbitaneni is gepatsliydeserberhusia i wipidghmodel.

process, with the varjan r 9 j i
ot o of | Speagaft Sopshi BErtymic/dcpBRIm MBS feics (Mot
(Vest enamer ), c3llett asPaitensstarnd @islirrounding Byuid Zoitike)phaseiofat ed bul k
mat eri al conposed of 9/10 rubber particles and 1/.10 25 | o LNng
wax fromthe Fﬁ%ﬁéﬁ*%’?%ﬁ@cﬁalgﬁf{ﬁqﬁg@rﬂ%& S g?/{ip.'s- %Wa%%ﬁy\r/gg%tg% bul k
material of 9/ LQc4ukbee Rakdid fsbiarsthl ddphaitessalThel hectignie wt . - %
activated bulk material from4/6 rubber particles, 1/qu' neral oil

and 1/6 FT wax pransitiendf kittmenaredetsanined pythefelloydayiadiesy 28 6) 22
W .-% activated bul k of 4/6 Rubber particles, 1/6 | ow nelting wax
from tthe FT synfrRetiersobihg @p@a#qn%gat(%asobi t C)); Fig. 2 5a diagram
as a function of time of the softening point by ring and ball

(measur ed accor HisegsHOTINRItENe B2 of tire-rubber-nodified bitunen

produced by stirring at 180 C, 78 wt.-% base bitunen B 8@{%00 wi.t h
the variants sH&@yolumefrgetian of the aspppltene phaserifaser VALY (3EFREN 2

Wt . - % aromat i ¢{Qhherature. I.e., molecules change from the maltene phase into the
asphaltene phase at low temperatures. With increasing temperatures,

15 molecules change back from the asphaltene phase to the maltene phase.

This model explains the increased hardness and stiffness of bitumen at

low temperatures due to the growth of the solid asphaltene phase.

By the swelling of rubber particles in the bitumen, oily components

20 (maltenes) are removed from the bitumen and fixed in the rubber. The
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 agents, 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.



2) 19.1 wm.-%rubber particles, 0.9 wt.-% pol yoctenaner (Vestenaner
), 2 w.-%10aromatic oil 3) 22 w.-%activated bul k of 9/10 rubber
particles and 1/10 lownelting wax fromthe Fischer-Tropsch synthesis
4) 22 wt.-%of activated bul k material ,of 9/10 rubber particles and
1/10 mneral oil 5) 22 Wt . - % act fvated bulk material from 4/6
rubber particles, 1/6 mneral oil and 151/6 FT wax with
solidification point 102C (Sasobit(r)) 6) 22 w-% activated bul k

mat erial of 416 rubber particles, 1/6 lownelting paraffin fromthe

FT synthesis,a .ET ' iEAatioRl hd AR PodR e
function of Ti ﬁg]eé%t%"ﬁ%d W{g\?v‘ ?@?@fﬁeﬁlo@\%ﬁt\%%%ni T, TGL MB 12) of
tire-rubber - nodiddogdrdsi, banausepincabgoethnes véth theiimyerdion18@ rebbes wt . - %

base bitunen B 80/100,. with the variants.. i i . : ch
ae D) 20w - oirabBeR iar e Wi gty Bihe Inf e BNpiateS
rubber sparti cl @secdbsUsig th wel procésneitae pliveattenethied (AJgording26 e - %
aromatic oil 3) 22 wt.-%of acti vated_bc)ﬂ?ul k materi al

f. 9/10 hh.
particles, andnyeptiPBuineeLPheigIrRAYIafS SrherRRY ﬁ@&‘??é?‘-#ﬂ%%&%r?@ﬁnﬁ' resi s
29 4) 22 wt. '%s?%gii)ﬁ}f%{%eﬁ% kpiRb & iRbringf 2 §6-£Qlsd hsturdtiont perl s, land

1/10 m neral oi -% act i vated bulk material from 4/6 rubper
particles, 1/6 mélaeulat weight saanponentsTigeatefionh the eiAitgesointn thegabeer

(Sasobit 522 wt . -%.activ . i ; Tt

1/6 |ow el ti n&r%’é‘f'ﬁ%f%%“a%&g'FnW%érﬁwagé’r{ta%i it Y RRSHaRARIEhes) of
(Sasohigt CD). Resbithpea rhigrat€antoythaguider. t he | nvention The fol | owi ng
Tabl e 1 docunents first the production of an agglonerate 10 according
i nvention, whengaltere-déficgritibjtuagey is hessdtexibl@ pod theretsire b6itE ard legs
rubber particles .%0. 2- 0. %ﬁfm 8i:arret er), 16.7 w.-% of various

swel |ing agent $eSiAEN 899INGE COIGLSPPRIAYKEr - Tr opsch paraffin wax with a
solidification point of 102 C are produced in a fluid m xer FMLO at a
rotation speed of 3600 RPM

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



15Table 1 Product Swelling Agent Order of Addition Mxing Time (mn)
Maxi mum M xi ng Tenperature Product Quality ("O FT Paraffin*
Swelling Agent, 1- 1 7:50 83 Pourabl e, honbgenous

10

15

20

25

22

bitumen fraction contained in an asphalt mixture can be influenced and

controlled via this manipulated variable.

A technological final stage of the invention is the addition of the inventively
prepared agglomerate in a mixing plant for asphalt; however, the invention
can also be used with special binders. The agglomerate also causes very
positive effects when used in place of untreated rubber powder in a wet
process. Both the swelling agent and the wax components improve the
viscosity. This effect can be used to increase the production efficiency in
this process, either by increasing the throughput rate or by significantly

reducing the energy consumption.

Furthermore, advantages are also attained in applications where rubber-
modified bitumen is used in surface treatments for roads. The bitumen is
here applied to a surface by hot-spraying. In a following process step, the

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.

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
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



Wax* *

honogenous
honogenous

10

15

20

25

Paraffin Swelling Agent, FT 5:00 120 Pour abl e,

Wax Plant Ol Swelling Agent, FT 4:40 86 Pourabl e,

23

necessary. For this purpose, so-called RC (recycling) variants have been
developed with polymer-modified bitumens, which are suitable for reuse of
up to 20 M% asphalt. When the use of higher asphalt fractions is desired,
another binder with a higher fraction of incorporated polymer components
must be selected. Usually, only two options are available per type, namely
up to 20% added RC and up to 50% reclaimed asphalt. When, for
example, 30% RC is used, the variant with up to 50% must necessarily be
selected. This increases the costs, because higher modified bitumen types
are more expensive. Suitable binders for over 50% added RC are not yet
available. In the future, particularly high economic efficiencies will become

possible with new processing techniques.

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
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
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
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.



Wax

Pour abl e,
86 Pour abl e,

10

15

20

25

Recycled lubricating oil Swelling Agent, FT Wax 5:05 86
honbgenous Recycled lubricating oil FT Wax, Swelling 3:45

onbgenous
24

The preparation of the agglomerate can therefore in practice substantially include

the following steps:

Step 1: Obtaining a screen fraction of rubber particles having a particle

size distribution of between 0.05 and 5 mm, preferably 0.2 - 1.2 mm, which
are obtained at ambient temperature by mechanical processes from scrap
tires, wherein impurities and steel fibers and fabric fibers are separated by

magnetic and mechanical processes.

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
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
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
the uniform distribution of the viscosity-lowering wax on the rubber
according to the present invention. All continuous or batch processes are

suitable for this purpose, which mix a wax/ polyoctenarner adhesion-



Agent 30 *: Waksol A (Fischer Tropsch paraffin, nmeltin oi nt 32
C) 44: Stolllux Nature **: Sasobit(r) (Fischer Tropsch pargfl‘oi n wax
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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:

* extrusion 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.



Pr oduct
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PEN

RuK Ductility** Elastic Viscosity [mlI] PROmn] [C*

Recovery)" [9% Rubber 43 59.2 173 60 1380 1 62 94.5 76
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The composition of the agglomerate is characterized by

rubber particles having a diameter of 0.05 - 5 mm

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 asphalt 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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Tables 3 and 4, wherein the addition of the aggl onerat
mat eri al from Bages eRergy|aggireguces emissions and i%greases ﬁleerses%?ar?cebé*ltﬁe

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,

10 — 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

15 tables, and then with reference to experiments documented in Figs. 1 to 3.

The figures show in

Fig. 1

a diagram as a function of time of the viscosity of the modified bitumens of the
20 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
25  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 (Sasobit®)



20 A stone mastic asphalt SMA 16 Sis to be nanufactured using rubber
particles that are activated according to the invention and added
directly in the asphalt mxer and installed on a road. 32 The
fol l owm ng activated rubber particles prepared in a fluid mxer are
used, which have a particle size of 0.280.4 nm before swel ling: Table
3 5Conposition of the used activated rubber particles Rubber Product

verined | (herohgonied i ER SBEERGER, Mool dind BRI R
Al

Agent  Frracéyrimedid ahtid /SR axn@Gabgbit®)] wt . -

Fig. 2
5 adiagram 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 oil
2) 19.1 wt.-% rubber particles, 0.9 wt.-% polyoctenamer (Vestenamer®), 2 wt.-%

10 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

15  1/6 FT wax with solidification point 102 °C (Sasobit®)

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

Fig. 3

20 adiagram as a function of time of the flow (measured SABITA BR4T,TG1MB
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 part.icles, 0.9 wt.-% polyoctenamer (Vestenamer®), 2

25 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



Fraction of the FT Wax** [wt.-9% 16.65 16.65 *: Storflux Prem um
Storflux Nature **: Sasobit(r) 10 The activated rubber particles are
conveyed in a sinple manner directly into the asphalt mXxer in PE
bags with a conveyor belt prior to the addition of the bitunmen. The
added quantity is 11 kg per ton of asp%galt mx, in order to reach 12%
rubber fraction based on the bitunen B 50/70. 15 The asphalt m xture

I s produc at .17 . _\When ' .

the asphaft m 22 -Chacbayef SRR Lf HRER, pERIGCHREN oM ReRd
i nstall ed asphgjit m x and sanple cores fromthe finished asphalt

| ayer have the following values listed in Table 4: 33 Table 4
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extracted binders Rubber product. M Ruhber. . uct . P M
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5 22 wt.-% activated bulk material of 4/6 Rubber particles, 1/6 low melting
paraffin from the FT synthesis and 1/6 FT wax (Sasobit ®).

Best Mode for Carrying Out the Invention

The following Table 1 documents first the production of an agglomerate

10 according invention, wherein a slightly agglomerated product of 66.6 wt.-%
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 Maximum Product Quality
Agent Addition Time (min) | Mixing
Temperature
(°C)
1 FT Swelling 7:50 83 Pourable,
Paraffin* Agent, FT homogenous
Wax**
2 FT Swelling 5:00 120 Pourable,
Paraffin Agent, FT homogenous
Wax
3 Plant Oil Swelling 4:40 86 Pourable,
Agent, FT homogenous
Wax
4 Recycled Swelling 5:05 86 Pourable,
lubricating | Agent, FT homogenous
oil Wax
5 Recycled | FT Wax, 3:45 86 Pourable,
lubricating oil| Swelling homogenous
Agent




13.5 0.25 nm[w.-9%] 15.5 14.5 0.71 nm[w.-9% 17.0 16.4 1.00 mm
[W.-9% 26.5, 23.9 2.00 nm[w.-9% 31.9 30.1 5.00 nm[wt.-% 43.0
40.4 8.00 nm[w-% 65.8 52.6 11.20 nm[w.-% 67.4 63.0
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* Waksol A (Fischer Tropsch paraffin, melting point 32 °C)
# Storflux Nature
** Sasobit® (Fischer Tropsch paraffin wax, solidification point 102 °C)

#. 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
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.

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
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 1/10 mm

is used:

Table 2



16.00 mMmmwt . -% 98.2 98.4 22.40 nm[wt.-% 100.0 100.0 Sol ubl e Bi nder

Fraction 6.0 5.9 [w.-Vol | nsol ubl e Rubber 0.6 0.6 Fraction
[wt. - VO] Bi nder Fraction total 6.6 6.5 [w.-%
31
Product | PEN" RuK | Ductility** |Elastic Viscosity [mP]
[1/10 [°cr* | [mm]l Recovery"” [%]
mm]
Rubber | 43 59.2 173 60 1380
1 62 94.5 76 54 510
3 52 87.5 50 56 640
46 86.5 103 61 650

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

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

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.



Softening Point 75.0 74.4 RuK [(] Fraction of 2.8 2.2 Interstices
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The following activated rubber particles prepared in a fluid mixer are used, which

have a particle size of 0.2-0.4 mm before swelling:

Table 3

Composition of the used activated rubber particles

Rubber Product M | Rubber Product P
Fraction Rubber Particles [wt,-%] 66.7 66.7
Type of Swelling Agent : Recycled, refined | Plant oil”
lubricating oil
};Z]actlon of the Swelling Agent [Wt.- | ;¢ <5 16.65
Fraction of the FT Wax** [wt.-%] 16.65 16.65

*: Storflux Premium
#. Storflux Nature

** Sas0bit®

The activated rubber particles are conveyed in a simple manner directly into the
asphalt mixer in PE bags with a conveyor belt prior to the addition of the bitumen.
The added quantity is 11 kg per ton of asphalt mix, in order to reach 12% rubber
fraction based on the bitumen B 50/70.

The asphalt mixture is produced at 170 °C.

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

The experimentally installed asphalt mix and sample cores from the finished

asphalt layer have the following values listed in Table 4:



El ongation Rate at 0.9 0.6 Inflection Point 8w 10-4 El ongati on
after 10.000 9.8 8.0 Load Changes** Water Sensitivity 15.3 8.9
Decr ease Tensile splitting strength
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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

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.-%] 26.5 239
2.00 mm [wt.-%] 31.9 30.1
5.00 mm [wt.-%] 43.0 40.4
8.00 mm [wt.-%] 65.8 52.6
11.20 mm [wt.-%] 67.4 63.0
16.00 mm [wt.-%] 98.2 98.4
22.40 mm [wt.-%] 100.0 100.0
Soluble Binder Fraction | 6.0 5.9
[wt.-%]

Insoluble Rubber 0.6 0.6
Fraction [wt.-%]

Binder Fraction total 6.6 6.5
[wt.-%]

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 10™

%o/ **

Elongation after 10.000 | 9.8 R.0
Load Changes**

Water Sensitivity 153 8.9
Decrease
Tensile splitting strength

[%0]

*- Marshall test samples
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Properties of asphalt sanples and the extracted binder at different

ositions of an S5experinentally installed asphalt .
g A second exa?nple for the prgduction and instaﬁg’uon 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 before 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 &:



Sample 1 Sanple 2 Sanple 3 M nerals passing through a sieve 0. 063
mm [w.-9% 12.9 13.1 13.1 0.126 nm[w.-% 14.8 15.1 15.1 2.00 nm
[w.-94 32.4 32.5 32.6 5.50 mm[w.-% 61.4

5

10

Table 5

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

experimentally instalied asphalt

Sample 1 Sample 2 Sample 3
Minerals passing
through a sieve
0.063 mm [wt.-%] 12.9 13.1 13.1
0.126 mm [wt.-%] 14.8 15.1 15.1
2.00 mm [wt.-%] 324 32.5 32.6
5.50 mm [wt.-%] 61.4 62.0 61.1
8.00 mm [wt.-%] - 95.8 96.1 96.8
11.2 mm [wt.-%] 100 100 100
Soluble Binder 6.7 6.9 6.8
Fraction [wt.-%]
Binder Fraction total 7.0 7.2 7.1
[wt.-%]
Softening Point 87.5 87.5 88.4
RuK [°C]
Fraction of 2.5 2.5 2.3
Interstices MPK*
[vol.-%]
Flastic Recovery** [%] | 60 60 69

*: Marshall test samples

=% gt 25 °C according to DIN EN 13398

It is noteworthy that the softening points and elastic recoveries of the binders

extracted from physically separate asphalt samples have values that

demonstrate that a homogeneous distribution of the activated rubber particles

can be obtained by direct addition into the asphalt mixer, as well as that an




62.0 61.1 8.00 mm[wt.-9% . 95 8, 96.1 96.8 11.2 nm[wt.-Vo] 100 100
100 Sol ubl e Binder Fraction [wt.-% 6.7 6.9 6.8 Binder Fract%on t ot al
[wt. %9 7.0 7.2 7.1 Softening Point RuUK rCl1 87.5 87.5
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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 to 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.
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According to a third modification 3), the bitumen was modified with activated
swollen bulk material composed of 9/10 rubber particles and 1/10 low-melting
wax from the Fischer-Tropsch synthesis. This bulk material and the other three
bulk materials were prepared in a heat-generating fluid mixer. The obtained

10 modified bitumen had already a significantly reduced viscosity.

A fourth modification 4) was carried out in analogy to 3). However, the bulk
material was produced from 9/10 rubber particles and 1/10 mineral oil. This

further reduces the viscosity of the modified bitumen.

15

The fifth and sixth modifications 5) and 6) were carried out in analogy to 3).
However, the inventive bulk material was produced from 4/6 rubber particles, 1/6
FT wax (solidification point 102 °C, Sasobit®) and 1/6 swelling agent, i.e. mineral

oil in 5), as well as low-melting paraffin produced from the Fischer-Tropsch

20 synthesis in 6).

These inventively modified bitumens 5) and 6) have the lowest viscosities and
thus the greatest advantages with respect to the intentional compaction of
asphalt mix prepared therefrom and the greatest potential for reducing the

25 temperature in the production and installation of asphalt. This advantageously
reduces energy consumption and emissions (vapors and aerosols from bitumen).

The viscosity is at least halved compared to the prior art.



The surprising effects and advantages of the invention for the wet
process as l1l0Oconpared to ordinary rubber bitunmen according to the
prior art are illustrated in a diagram show ng neasurenents of

i nportant properties. In all experinments, rubber-nodified bitunen was
prepared from 78 w.-% bitunen of the 3pﬁgenetrati on grade 80/100 and
tire rubber particles as well as other additives and the swoll en bul k
mat eri al tivated according t | nventd One Dy Sty g @t 80 C.
15 Fi g. ) desalsq hesh FWfé?-"'ak‘%!eyn‘g%énec?gedo?H tﬁﬁé“‘%s‘%‘é’?t@a@ r%e modi fi ed
bi tunens pataited 8@bReEn biilktrhatenardi thacat essentinli ewsstart Viggosity was

nodi fication 1) with 20%tire rubbe d.2% arpmati,c oi.l carresponds
to the prreachgfafterpestiving by agpu{ h@d]mﬂﬂt??' C?)rﬁtﬂﬂte\ﬂg(i"oﬁe’c&eases

W th incregs IJrlid2st bidBRsEMg drd IbGisticanalilamages fdrtire furtizenise 20
Af ter pasgﬁsgk%ﬁ?t&%ﬁ a n%xi mum g_t he _\/I@SCOSj ty decreases ag(ai n ﬂue to
the pasti #e uogdifiedutiuorerofsindedhe Gptsewindey Wil acANsiREt Yaees¥y!-e- the
properties w.th rega 3 Lifdrk i G66H OSthe 9G5S8R ih&/@ 2888 many
el asti ci tW%Fregﬁéﬁgf’ig"d%@ﬂb}al’gﬁh&arﬂf,g'kdor&f‘y' a port?on of the rubber is
to be di ssalesasier The modified-bindidi exh tienlreeusaskthetredestionofiasphaied

for the production of asphalt .only .wthi rt bl 1 5
whi ch i spIOM%ra% BY'chy8RgRl “F’Wé pﬁﬂW'rﬁ?ﬁ 8?"‘?@8%’?‘2@8&“%%\(mgﬁqggﬁis are
S_ncoulnt er ‘g%&‘ﬂﬁeé §F BEGRL&MBd bihdeheas bppichievbdimorandliably eniits si ve

i ssol uti

n of the rubber occurs, the binder can no, l.onger .
The bilfdesignifisantineedusing teuiskerl hayinarHe e £NE LeVEHK *ﬁﬁqg*ﬁ S?“%F Hase
repr ocessi | [FiRe { ScRsSilvERidsbfAiBh Paanamber! oss for the
bi nder nar?l%g%@tgltyr@rsgglﬁ otﬁee:x e(S:'olnom' c losses due to the 30delay in
applying the asphalt to the road. 37 According to a second
nodi fication 2), a portion of the rubber was replaced by

pol yoct engiery oSt éfidid ¥f Haane@ficatimswrtheeingf aridisallssftemiig goint
curve, but The viscosity renains at the same high

| evel . .5 Accordi
to a thi rabfmjbimmam.i/bhigm)$oftaﬁéwgap@inh@wrw@§\t%wﬁé§¥‘§m 'Oadtgg'g{i’{‘égg

|l en bul terial. i 0
SWO ng ‘i ‘rj?é“é v%”%'ﬁ%ﬁqhﬂ@é’@?@e?%%ﬂ%ﬁ{ th sLHRRET CRAfSdrEd ?@tfﬁﬁbﬁllb%éﬂ

| ow ropsch synthesis. This
mat eri al  aReYitiGRicAtdEbrdihg eetHeudtiovent et ¢.ahs prier artpihepacef rHbbey

heat - ing fluid mxer. The obtained 10mpdifiad bi
e I

was carri %ﬁsé&%nié&e@ﬂ@lg%mé& Bk soffenmygaiointt Benbersklyntiteeusendf avdiyated
produced from 9/ 10 rubber particles and 1/10 m ner oi |

. _ i Thi s 5) and
furt her rdulicestartas posiest tthoswelleg Agents ad WPt ntas Madificaligns 5 AR
and sixt ht @%:\/fﬁbtéggebﬂg'ﬁggpﬁ@@g s@on?ﬁﬁ@reﬁ@é bf B Rtening ol ogy to 3).

Howev rve mat eri was produced from 4/ 6 rubber
particles, 1/6 FT wax (solidification point 102 C, Sasobit(r)) and
116 swelling agent, i.e. mneral oil in5), as well as |lownelting

paraf fin psodlicadyd iMas B MEheoulafsR o drmihesiperics theThese

i nventively“nodifire rtunmens 5) and 6) have the | owest viscosities

and thus thiengreat ést testivmtihedySebila BR 4 spiber-mpdifird PilBeR thal

conpaction of gsphalt m [ t.herke neL L AewH AR L/leasured

pot enti al %L@Poaﬁgﬁgi%@eé%ﬁ%%ﬁ@%gga S‘SrsefalE ﬁmtoﬁé pr oqn@_{ ion and

| nst alJ<at | Frraf harphabinpail ® thdwantagemas tubber modification according 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. Modification of
the bulk material activated with swelling agent and wax produced according to
the present invention in the modifications such as 5) and 6) completely prevented

30 flow. This is especially remarkable because the viscosity is at the same time at



reduces energy consunption and em ssions (vapors and aerosols from
bi tunmen). The viscosity is at |east hal ved conpared to the prior art.
38 It has al so been surprisingly observed in the nodification 5) and
6) with the activated swollen bulk materials that an essentially
constant viscosity was reached after a?itirring time of about 100

m nutes. A constant viscosity represents significant processing and

| ogi stical adyantages. f [ ) i

Si'nce. t ho T MEAUPAAO T AT LR WHBE (B o BRDLA Blcknenes
ratio of swaldpphgd.and only slight dilution of the rubber, is
increased many tinmes over. The nodified bitunen can then be used the
production of asphalt over a nmuch |longer tine period. This sinplifies
the |l ogistics and the desired properties of the nodified binder can
be achi evathegoreplaehbtiads ylisowndvide eQidengattfat daminventiediscd HEfQrAEPIOCERS,

f havi to.ret d k bat ch d
P oxcsssating lbitof Plasest TonpsphEaR SR [nat8Yg chEEERmrasanae Che
E _hte modi f i&r?c%ﬁdéﬁ%bf@f‘ phARIdY aHH \tarasd, nalte s?ﬁpesitimggbtgie][aggmr}mme

I tunen. | SO eni n oln represents a (0} or l, ON
resi st anc@quﬁgﬁfd apeapiing g%/P%p"HP ’wﬁb@ﬁﬁsﬁrcggh'?#u&@ag%ﬁlrﬁof the
Conpar ed tp?o&db%ohlmeﬁhgyei bitGAto08 nRReRsIdiit: itproviel popetiet) , . e.

the prior "art, the use rubber particles activated only with the
swel ling agent in the nodifications 3) and 4) disadvantageously
reduces the softening point. Conversely, the use of activated bul k

mat er i&@' S THOHHRRR sWibdy SvBhlidMgatagiestise mitshdsxgdan ontiee findi frodact ons

5) and 20 6) advantageously caused a strong increase of. the ftening
poi nt. Fi gucl astasabalt e bideminaus raatefipls, Ad @i rﬁ?@éﬂe ﬁs"VBWdFaéf‘e?q"ﬁ%éfor

properti e(siliu%)(raetd)%mafdr{ 5% Bulk! Rafe8l bEsigISTRERRSS, S8ObEcVidR ihtekmediate

r ubber - no umen are supported on a netal plate inclined at 35
at 60 C. Thedddtoftipatémpssitieastithecaguieneeste prashiged in eseprdpaee wihihe

ti | bb di figcati i .
of 't ubber MastCTELRIN A Rl ik PR b Broq\feiBh Ry Sedian bie (o8
}\/BS' ]1: !lgwt Ftﬁiﬁjhwi?a'l{!ihmagé?lrd&:ebvﬁ? a&pva?vbld p{rbﬁemieg.uﬁg?ﬁsdarﬁafapmq/newly
ification o e bulk material activate i ng_age
wax pr oducembieed puveyral §lanpentyrehss paﬁ%@%wafﬁwﬁh ds r?g'ﬁﬁ r%l @?tg\%}ﬁs
such as 5),BhEE) R8BIl UcAILHh fhodfiivd aid olbsededimiedpmai al | y
e

r emar kabl cause the viscosity is at the sane tine at 39 | east
hal ved i n fuheticnehpentekuueta tedmahhedsict.he nodi fied bitunen is
processed and applied. These expl anations al so provi de evi dence t hat
the invention is a uniformprocess, 5starting with the process for
produci ng a bulk material of aggl onerates that

20 Industrial Applications

Compared to the conventional, initially analyzed solutions, such as disclosed in

_ EP 1873 212 B1, according to which the modification of rubber powder
takes place by swelling with 2 - 40% of aromatic oils and subsequent
25 modification of bitumen in the wet process and the pre-swelling reduces
the temperature and the mixing time in the modification of the bitumen;
—  WO/1997/026299 and DE 196 01 285 A1, wherein free-flowing granulate
made of 50 - 95% rubber and bitumen or polymer plastic (thermoplastic

elastomers or plastomers) is described, whose components uniformly



i nclude 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 production of asphalt or bitum nous naterials
with inproved properties. 10 The aforedescribed invention satisfies
the intended goal on the final product4? such as asphalt or bitumn nous
materials, as a result of the provided met hod for the preparation of

a bul k materlal of  aqgl rrerate vi ded r i qun\bﬁ of
the conpositiond W'l?tﬁ%ag ?‘H? gﬁﬁdgc%%eri & a@%g;%%ﬁgg&%% &in
process and the,ysg 28b, taaulsv@suhieyrw incluakd {sutfu heslganizhtion) ancelsfators,
asphalt or 15bitum nous materials with | rov‘ﬁﬂjg %E‘H{ﬁll es.

essential and négByy ebfBitnaaidst selidepedibes eﬁéﬁ progﬁggd and
wax" wth its syopl 5%5&%9&%51 lsmménﬁ&%/&%|§élfﬁéﬁrﬁblh@@rreé&ﬁbéd@*ﬂ

i nnovati ve and cI 0S€é technica d functi onal context ug to the final
producs. 201 ndust highl teryper atcees @n@aﬂjbﬁrmb@d?qdd)x PrESEBE pindyidyal

initially anal yzed sol u{ﬁ)% 'io@’at{éﬁgbe?gtf‘pé Eeg}g o,lgf’ecﬁd@ﬁﬁt@&%dﬁhe

accordi ng to whiC@HRPRED polder t | ace %h
swel ling with 2B adphaionidtire for ﬂo@damsieswhseemeddlt@ﬁ@ﬁmer@r@atli

of bitumen in the wet Brocess andthﬁ%?ﬁ? l g)tgr*decesthe

t enper at ure and it AB agPRAKGIXINERPGESEHR m"ﬁ"ééﬁ" e he bitunen;
WO 1997/ 026299 %)143’ %8/69%9112 R8F0Ahe m»@sér@han bf Redrataimg pefletsibrnse
made of 50 - 959 er and bitunen or ﬂjﬁ asti (ﬁyg Eerrm | astic

el ast aoers or pItraﬁte)mrelds)?t@rsOﬂ@‘ﬁ&\ﬁ"ﬁbé@d/oi’/\ﬁ@‘s%ﬂ ﬁ1 y
40 distribute a%ﬁ}dgaggﬁ? UERS aBhter o ???‘P%%%lﬁ@ﬁ@hyé@'ﬁé‘&mne is

wherein up to 2 |ves may be |ncIu cani zati on
accel erators, hegey t@rrhprdvatthy mzaterd&s!swdemfwehaﬁ H\éi?’@))d faniéret he

granul ate are pr oduce rial ly
combined in a krPé‘éB%’la ?WY‘%@?HCL &5l %tfsgér e MQHB gg%ﬁguce%g%ﬁﬁ{
pressing the i ntyn\av&l@ln CPARRARRY Pelktirgy d>fqmmdme<anmeem¢tea@mdar (0.5
perforated disk), to produce a rubber asghalt xture f r 498

pavendfts by addDﬁ%’m) whereia the Brdnaiadlimes isius FIROYE W25 ocess
to the mnerals rgglantéstggﬁ%gPhalpgngQpégé@f?és@grlgf e Higderldietherrp@rds,iasn

of hydrated |ine use 10in the Eroductl on of asphalt,
and/ or soil cond/véll (lebtbgr byd peX @t :nghr@w@p WI@tféﬂCWQ%S ﬁn*%"l‘fjeé Hender

(0.5 to 699, ‘z’i"{;g efrt '{}gﬁ? %gerfabgq%%fjl' h‘dE d.hg Sintd1eyRbAE

resi st ance of ara ron o rated |ine
pellets for use dfiné Bempondrs! sach aé basrpbaj plastodiars, eiasﬂomers rubber,

conditionin Pell etin f th hdtdl
90/c)I Z:ﬁ)helrelgn trﬂa'OHS)‘léiﬁ‘gﬁ gﬂ’blef%exé‘%? d;r‘t"léf‘ tr‘r'ﬁrrﬁfggertﬂ?e &g et(nQa;?cc}rﬁéi?\
resistance of aﬁgﬁ@:’ S0An4 atn%o‘i’twée(%hﬂﬁbtfbfcrw@ohldminﬁéteor)letstmmnsneraI s,

as well. Rubber wax can In this application functi gn as .a bi nder,
the binder can bsastaters yabber, prehgantes Hisbiubbermndmagy dgiieliinciude as

| east one of the, cOMMRREN!SmpdHeht 8P HbldyyRRodifbRS SRTRURI dabRsEOTer S,

rubber,
solvents, dyes, furthermore oils and waxes are mentioned as organic

25 binders for the pellet, and the pellet may consist of a core of hydrated
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



20ground tire rubber, pre-reacted ground tire rubber, the

contain up to 30% of an additive (aliphatic crude oii distPF:gfé i
pl astomers, el astoners, rubber, pre-reacted tire rubber) and nay1
further include as an additional conponent of rheology nodifiers
structural additives, solvents, dyes, Flurt hernore oils and maxes’are
mentioned as organi c 25binders for the pellet, and the pellet may

consi st of a core of hydrat.ed |i : i 8mdn
shel | may consi Q?mgﬁt'lB'%%ﬂ%ﬁu'gﬁhgﬁrgﬂaq}(}ggps%r%g%%rg’ %/vgﬁoesgl;lmﬁ%g bye
(9:3%32?& g nCA \M% gé?azjaédffgrg olstaminy 8Bftrragé4stabcbé biadbi, twirdreafter a master
, rein rubber rti yi .

Comear! no.and Shaw PRR R Ashe e RS Rso4 EE PRURSp
L_east parti al | yﬂqj‘%odnﬂ%l%%%m%g peltéts material is dispersed in

itunen and a conpatibilizer (liquid rubber), and, .if necessar
gi (r:urzl gfsl :/mnlélr ggf flfeﬁm ﬁ‘ﬁ;ﬂtﬂﬁeT%lﬁméhle PEIPGHHAN in%%"agugéﬁ‘%%%-rg?tgﬂﬁganc}“

, er a. r C i 0 i kike

rubber is formedSiUsehl ﬁtrjrrg]r?n\?\//?‘ EkhpuTb:H}ef Q?%‘%L%a%ﬁ)‘%mfﬁigm i&rgbggslz,gg ;
5- DE 601 21 31@nd2 fhermbhadiprsaaipatyoteiinaf eg. BEaRm. EVA)BEePYaeks | al

and its use in bituyj ith rub [ -
i res, “and a { naPAUOR I RbEry D THorgBIar pieosy e WBLELERI-200Te
optional additi g@nefatbd BRbEgh Ricidnaxéltsibiedhepraestt, adkesivei n t he heat

of 80-300 C generated through friction nelts fhe thernopl ast
QPLrErides

:(rjgezgg:a %Lgr —5?344_33@ @#J?C wheres é;h‘?efeaﬁé\c%%ad&é{k? F'&F
asphalt, and t hg?a%{ﬁl@%Pe@@#ggﬁﬁﬁﬁﬁégggﬁg&d?/rgﬁEgﬁgﬁlgﬁiﬂdg?ﬁns

Er oduged dur |b ng dctieated aduodn HuUCES NOPORUASEQUS eaﬂéﬁiﬁmp@%ﬁﬁéﬁuﬂf‘g the
azardous substances thr h I ol Bbﬁ% L QRGadsh
tar-cont ai ni ng rpé‘é‘@ﬁt‘é’&‘ O?%%’éﬁ%@ﬁ?ﬁ{ag&ngq%v#gtr@?n t %rgﬁl%ger i%mzfgded to
the hot i neral shReigANEatehE &l asphalt peidubed witbdat-tetainingresycled

separately fromthe activated. carbon, or v,i,ousl ] i

bi t umdd; - CH 6%5Phal: wW?W'%ﬁ?‘?&WEr s tto\liﬁ? ﬁo%ﬁweeg 'g:k%e?%'lr?qg

(rjubbgar granul at gvétuﬂgﬁi ,eéiﬁ'@r)fog?étﬁ@? Wik aPsépdrately ibertak actiratet maevon, or
ensity of the rubber granulate conpared to mastic asphalt leads to

ankactcErruI at :c on wavipheysuixedethdhedifemesiphal t | ayer, with the goal to

make e surface [ ' | ; i-sli

K et T ot A FlTNE £IPRE Uity 4 o BEUSHAPRAR thd HBEIRSF of AML3AL - S11 P

granulate, preferably from scrap tires, wherein the lower density of the

48h

20 rubber granulate compared to mastic asphalt leads to an accumulation
on the surface of the asphalt layer, with the goal to make the surface

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

mastic asphalt;
the invention provides the advantages that

25 — the swollen pellets introduce an additional wax component which
reduces the viscosity (advantages for processing, reliable compaction,
energy savings, reduction of emissions) and increase the resistance of
the asphalt against deformation at ambient temperature,

— the rubber particles are activated by swelling and the properties of the

30 asphalt are improved through intense Interaction with the bitumen,



the invention provides the advantages that 25- the swollen pellets

i ntroduce an additional wax conponent which reduces the viscosity
(advantages for processing, reliable conpaction, energy savings,
reduction of em ssions) and increase the resistance of the asphalt
agai nst deformation at anbient tenper atare, t he rubber
particles are activated by swelling and the properties of the
30asphalt are inproved thr.ough_i t

42 the suel | T brreine e anE sabERrSiornElans Aokl iy BoRiUaRs.
constituents frednt i Hitunveewheheie tlktﬁ)elrubtbmraspINaﬁrsweﬂsmmlstﬂ$\Ael | s,
causi ng har deni ng of the g tunmen, t he opti onal

pol yoct enaner e RREFRWY oh ectﬁ?’r'ﬁéﬁr] 'bility of rubber and 5bitunen by
chem cal crossl yikgHdonal '&88/%6%'?7169 ePhbRciamef ddmpatibility of rubber and

heal t h/ envi ronment are use i nstead, safe naphthenic mneral oils,
par af f 5ni ¢ ni nebibmein by, cheéwal @asslmsindeat i ng oils, paraffins from
the Fischer-Tropsch %%%ﬂg'h%nﬂ{ul Ec?ﬂ@é(ﬁ’péﬁvn%h%r@ar@bééd :ah&tels ashfe and
10t he product ~alld?'l the 1 nvention is available in aggl onerated
f orm whi ch can b@paamnwmmamrsepyra(ﬁdusmlml oitsi, seryrlestigpiaepting oils,

d and di I I
i ng_pl ant o ( FREGE T PerdpOie | QR L] BF oo ekl AR i

sui table for th%rglugggta,ﬁﬂdl tion into the asphalt m xer and reduces

the costs (tine, ener 15i nvestment for npdifi c §| ant Oofr " he
prior 1art bi ttrméhe Lfoi eagqreing tedhe Ha/tengowsd%vaéla pag omgtely

envi si oned. vy%agﬁ (B hefla ﬁ?%ﬁd%@fﬁlﬂ(ﬁ%@éﬁélb@i@ﬂ@)‘ st@ré@ﬂ kHénQMr@éd arhd

of aggl oner at es Vi ng rub articles and waxes Sre erab waxes
with a solidifi mﬁwz’spmeﬁwﬂts;&ﬂb@n@ USOalB(‘Pre%l&Mnﬁpbﬁ‘ BUXiBg PIUS af f i ns,

Fi scher - Tropsch gﬁg&‘%‘é iQFrapdM W@é%é;%?)‘ 29 i suRlellérfEF tHABH RS

esters of glycer pre ron o he rub
particles and adﬂidﬁﬂd?ﬁnﬁi‘th\éeaSphenmfmkersamgrddlmeespthmms éttm@,seﬂfﬂgy a)

act] Va1t5| on of t r}ﬁvésl%r?\%rew{ for moo\IAFcatlongplaI%}?forﬁ ggnor a ltun!n@ﬂ rﬁgﬁﬁéat%fn

so that a wide commercial use can be envisioned.



10napht henic or paraffinic mneral oils, recycled lubricating oils,
natural oils or lownelting paraffins fromthe Fi scher-Tropsch
synthesis, b) addition of a nelt fromviscosity-reduci ng wax and
optional polyoctenaner to the rubber particles activated by the
swel I'ing, 15c)aggl oneration of the r ubber particles that were
activated by swelling with the viscosity-reducing wax and opti onal
adhesion-gﬂhancing material s, such as resins or polyisobutenes, by
nm xi ng/ bl é"¥MRYy or application of pressure, such that the swelling
agent penetrates into the interstices of the rubber nol ecul es and

20urges the nolecul es apart and reduces or _.interrupt i
forces of latt rE&Cieéﬁ,f%\Hg@Péfeﬁ'oﬂ)oé aﬂﬂﬁ‘é "?ag?ri'?jr&% ggg'ﬁ’%ei%ﬁeg?hag%@%gghs
wetting with t Bgm‘e@é Afwared RFERARAIWakad Withtaysalidificadompbinakbove 50
cross-linking of the rubber nol ecul es_are produced i rf)f t he a&gl oner at e

due toSthe |ar §ersubvas omee alnasaivadsisshe-treBwch PYRTEY: ALY VEEDYi t y
and the softenjng,. 2,BC0CERTRECRRLL Sstdds OF BlyBbrbi, B@bAehiAGIpked by
rubber i parti cfe

t he use of pur s obt ai ned at anbi ent

t enper at ure angeaitivh\oéthd rubienpetiatascand gddiyeabrax.cpnyistihthe
fractions. 44 3.Process according to claim1, characterized by the
use of cryogenPtASSy S Sa'ned pure rubber particles derived from

nechani cal |'y gg?er abetlfiohegthd rubticr op swellthgRmucesisg acwalltionagent of
claim1l1, characterized by usin

\ g a_m xture of pure, rubber partjcles,
obtai néd both at anBrERhepisRsSEEETIRE MG YBgERVdaT F‘@D,”CFF"EQOM’
mechani cal | y gener af e, SC5iRES 16K R6EIRG Paratiny PE@IRe FohetTRgpsch one
of clainms 1 to 4, characterized by the formation 10of a | ayer caused

by the addition of waxthesist he rubber particles activated by swelling.
b) addition of a melt from viscosity-reducing wax and optional
polyoctenamer to the rubber particles activated by the swelling,

15 c) agglomeration of the rubber particles that were activated 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 or interrupts the physical
forces of attraction, wherein

d) a more intimate and more homogeneous wetting with the wax and
an increased stability of the mutual cross-linking of the rubber
molecules are produced in the agglomerate due to the larger

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

softening.

2. Process according to claim 1, characterized by the use of pure rubber

particles obtained at ambient temperature and derived from mechanically

30 generated screen fractions.



Process according to one of clainms 1 to 5, characterized by the
addition of wax with 1 - 50 wt.-% of the wax nelt based on the rubber
fraction. 15 7. Process according to one of clains 1 to 5,
characterized by the addition of wax with 25 - 35 wt.-% of the wax
melt based on the rubber fraction. 8. ¥ ocess accordi ng to one of
claims 1 to 5, characterized by the addition of 20pol yoctenanmer with

a fractiog of 1-50 wt.-%jn the . i of
claim 1 Bo 5, Peimsaceepiylhd SRibeelraEeT RPUaebatabteant 2
fracti on of 25p8&indd pdfeirabbéepartilesebtive@Ba0. rRectaisaly@smettad t o
one of clainms 1 to 9, characterized by the addition of 0.1 - 5 w.-%
of adhesi on- enpARENHFEABSt ances, such as resins or pol yi sobut enes,
for intensifying agglonmeration. 11.Process according to one of clains
1 to 10, characterized by the addition 30of the wax nmelt to tfhe

r ubber 5 pa#t i cl Beodessimecarsting it dainby, haPFieRgehPY NSiIhBiture of pyre,

m nutes. 45 12,Proc C | i d &rvogenically,
characteri zed B{Pbt%é)%ﬁtzcé&og)%whé@%@ %gg?@%%tﬁg?g??tﬁréﬁg pryo ucti oyn
of asphalt or hbhumieohasicalbt genabedtdurerghactionsct addition in a

m xi ng plant for asphalt m xed materials or 5bitum nous materials.

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

m xi ng bl g,)ndi NGrddHs] @o@ﬁiih@to gﬁ(e 6Ealﬁi|$nsoﬂ C’cj@)ﬂlacﬂmatmdzg@bham tramation

m xer, 10b)extrusion with an edge m. nd a shapi ie

extrudbon procets laysr caysed Rydhe @@WE?%P?W@X ﬁ’inig? "é%fd%a&rﬁc l%’s agtﬂxated

friction m xer by%vJeJll}ng m xer or a turbo m xer.

6. Process according to one of claims 1 to 5, characterized by the addition of

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

15
7. Process according to one of claims 1 to 5, characterized by the addition of
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 to one of claims 1 to 5, characterized by the addition of

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

25 10. Process according to one of claims 1 to 9, characterized by the addition of
0.1 - 5 wt.-% of adhesion-enhancing substances, such as resins or

polyisobutenes, for intensifying agglomeration.

11.  Process according to one of claims 1 to 10, characterized by the addition
30 of the wax melt to the rubber particles to be activated by swelling within

about 2 - 3 minutes.



1514. Process according to one of clains 1 to 13, characterized by the
addition of the rubber particles wth wax and the formati on of

aggl onerates in tw successive process steps. 15. Aggl onerate produced
by the process according to one of clai 1 to 12, 20in particular a
pellet, fromrubber particles and max,4£§nprising: a) rubber
particles having a particle size distribution of between 0.05 and 5
mm b) a nelt of wax coating the rubber particles wwth a fraction of
1 - 50 wt.-% based on the rubber fraction, and 25c)a swelling agent
absor bed 1. t hersedsserccpating t ese bhclaimahde 16f chievactrdzadbydlud useef

maxi mum absor babl e quantity.of the swelli nt,.1 I af.e
according to cfh§ ﬂg@?m@ﬁ%ﬁgé‘? veduy q?fga%ﬁﬁgﬁﬁﬁplt%%l@%a&%iﬁ{sk
material with g guyh SHeEEERIItr ihienmkuﬁ%? prshefdpiasphalt Kiixeg! oaterials or
aggl onerating procéess. 46 17.Process for preparation of asphalt or
of a nbpxed mat g‘rtummqmtrﬁa@r@bt- um nous material or of a bitum nous
material using a bulk material from aggl onerates produced according
to clains 1 through 14 and 5aggl onerates according to clains 15 or
16, char adBer i Peccdss ddeatdingiéo snebf clagnaid dnd 2peraraeigtised PHIYXiNEe
interstices of the rubber | ecul es ing mxing, the nolecules are
urged apart, tﬁ%@ﬁ%‘f‘&aﬁ pgg?tc smgﬁngltgfracti on are reduced or
interrupted, wagreiB tHRa@strRaAENICAl beryi scosity which is stable in
the m xture for up to 180 m n is produced, and wherein 10 during the
reductlPon in tRe vi §¥64$IPY valfrante %”ﬂﬁ??%@ SBHP'QQt 'fre an i ncreased
stability of md§ ual HATB8PslonPrbBesObrt he rubber nol ecul es after

i ncorporation of the agglonerates and a continuous stability |asting
up to 180 ninudds i 8 hest-gienedtingsnigepprbediedAscd iHiAY ”B'eserelaaﬂ%?wer
characterized in that ftﬁl.rborﬁﬁ ging the tenperatures in the

preparati on and applofga ion of the asphalt, the agglonerates are
directly added to the asphalt m xer with a fraction of 1 - 30 w.-%

ggzie? ilgz fjlpﬁt L‘rg’%gé;%%zr I@gt; %nca)ge% fc%%rﬁé 1eté)t1%,eahadr"elarc{erpige8 rby%é %Bdﬂigﬁ

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,

20 in particular a pellet, from rubber particles and wax, comprising:
a) rubber particles having a particle 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.



19. The process according to claim 17 or 18, characterized by the
direct addition of the agglonerates with a fraction of 5 - 30 w.-%
20. Process according to one of clai m; 17 to 19, characterized in
that 25a)the addition is carried out 6to 15 seconds prior to the
addition of the bitumen, b)the aggl onefat es are rapi dly disintegrated
and the rubber particles are pre-dispensed within this period, due to
the higher tenperature and the high shear forces, wherein a thernal
activation of the 30rubber occurs, 47 c) the heat |iquefies the wax
in the m A7ng E’rmssforapu@paeq’no@lqi ‘asphalhsesf 2 ixettmaleriab with biggminous

I d I I
broduce & mor ookt of AckBTR el B LB R RERE T D,

bi tumen, and 592;%@?316!3‘5?65%0@@(5&&&@0%169ItcscladnHSttbnbugh 1 arhge of 130
to 190 C. 21.Asphalt m xed materi al gx?g terti al cIIIttI]l h
bi t um fous mat é@QIQF“eréIeSt?IGPGIﬁ’%E%CIﬁ‘é‘E%I 8 %%é?‘é&”%\? B PAENS: ocess

according to C%%gﬁ?]aéehijp&%tré’t@ﬁrﬂ&'fﬂ% inf&dtidas drdpe aubtapPholeatiesn

t enper at ure of degree of conpaction in the range
of 98 to 103% dcpun@nsphgtthengobewgmaée yrgeshapart. ithe pResisaligees©l 1. 70

to 3.00 N me, ?g%ac%gpké%&gg?%ﬂ/omeh‘aﬁg;dlg@%n%fé@crreé*één.hata@ visdou@y er

in the range o a resistance agal nst
def ormati ons, mecHisatalss imtheamodgetfoonp tat 80 inmin és predasedl ansk whergie

i o et er | al CHANGRtEaRRh a1ty Bl e Bl e G gghsec

bi t um nous mat gty BFARAGHI RGodsOlirfKirdy of tRd, ruI@tb‘éirrﬁcl'eelnllezeﬂebmcarporatlon
reduction of the viscosity of the bitum nous ter at.io
its initial vi Qétﬁﬁ agolemerates eRd aceiBkays iz IIB hn%\IIIBItI)I ﬁé g
and the wax, {}1@? gtability of the reduction of the viscosity in
the m xed materla asting for up to <180 min and an i ncreased
stability of the cross-Iinking.of the rubber nol ecul es, as

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,
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, |



25wel | as stability of the asphalt m xed material or of the m xed
material with bitum nous material, or of the bitum nous material.
23.Use of bitum nous materials with aggl onerates according to the
claims 1 to 16 for a surfagg treatnment of traffic routes
by spraying the bitum nous 30materials and application of m nerals.
c) the heat liquefies the wax in the mixing process and rapidly
releases the activated rubber particles,
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.

21.  Asphalt mixed material, or mixed material with bituminous material, or
bituminous material prepared with the process according to claims 17 to
20, characterized by
10 a) an application temperature of 120 to 230 °C,
b) a degree of compaction in the range of 98 to 103%,

c) a splitting tensile strength in the range of 1.70 to 3.00 N/mm?,

d) a splitting tensile strength after storage in water in the range of 1.50
to 2.50 N/mm?, and
15 e) a resistance against deformations, measured as an elongation rate

in a uniaxial pressure threshold test in the range of 0.6 to 0.9%10™

/n %eo.

22.  Asphalt mixed materiai or mixed material with bituminous material or
20 bituminous material according to claim 21, characterized by a reduction of
the viscosity of the bituminous material in relation to its initial viscosity due
to the cooperation of the swelling agent and the wax, with a stability of the
reduction of the viscosity in the mixed material lasting for up to <180 min
and an increased stability of the cross-linking of the rubber molecules, as
25 well as stability of the asphalt mixed material or of the mixed material with

bituminous material, or of the bituminous material.

23.  Use of bituminous materials with agglomerates according to the claims 1
to 16 for a surface treatment of traffic routes by spraying the bituminous

30 materials and application of minerals.



