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1 METHCD AND DEVI CE FOR MANUFACTURI NG A BI TUMEN- BONDED
CONSTRUCTI ON MATERI AL M XTURE The present invention
relates to a nmethod for producing a bitunen-bonded
construction material mxture, the tenperature of
m xi ng of aggregates and bi tum nous binder being
decreased. The invention also relates to a 5
bi t umen- bonded construction nmaterial obtainable by the
met hod according to the present invention as well as a
device for manufacturing a bitunmen-bonded construction
material mxture. Bitunen is a m xture of high
nol ecul ar wei ght 10 hydrocarbons that is obtained by
petrol eum refinenent. Bitunen is a dark col ored,
sem -solid to viscous mass of sticky consistency and
havi ng hydrophobi c properties. In virtue of its )
vi scoel astic behavior, bitumen can be used at high -
tenperatures. In nost applications, for 15 exanple
for producing a bitum nous coating in roadway
construction or even for bitum nous strips for roofs
and insulation, the bitunen should be supplied by the
refinery in the nolten state and kept in insulated
tanks. In the context of the present invention,
biMaIHomOUND 2k igrleroR MefiArtadraNdIR WEyMaRd BoNgED
any bitumen- based 2 CcOo o03|t|ons A Di TUm nous bi nder
according to ST . A bi NE8FURBsed on pure
bi tunen as well as blnders contalnlng any type of
usual additive, in particular polyners. 5 Using
rﬁruﬁmé amde e0t synvhﬁti@naggehgaéss tb is pessodl efor
produc [ construction nateria

e gl£unen g g
PhARGTE £ ot tIARN BEOUCE0 GPERCEURLOB) Tks hba mixture,

tBé Nd@hmperature of mixing of aggregates and bituminous
binder being decreased. The invention also relates to a
bitumen-bonded construction material obtainable by the

method according to the present invention as well as a

device for manufacturing a bitumen-bended construction

material mixture.

Bitumen is a mixture of high molecular weight

hydrocarbons that is obtained by petroleum refinement.
‘Bitumen is a dark colored, semi-solid to viscous mass of

sticky consistency and having hydrophobic properties.

In virtue of its viscoelastic behavior, bitumen can

be used at high temperatures. In most applications, for

“example for producing a bituminous coating in roadway

;onstruction or even for bituminocus strips for roofs and
insulation, the Dbitumen should be supplied by the
refinery in the molten state and kept in insulated tanks.

In the context of the present invention, bituminous

‘binder is defined as bitumen and / or any bitumen-based
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such as bi tum nous coatings or bitum nous concretes.

Hi storically, bitum nous coatings were produced in 10

conti nuous processes, in drum m xers, and the

bi tum nous concretes in discontinuous processes. The
expression "bitum nous concrete" is frequently

associated with bituninous m xtures for rolled |ayers

and the expression "bitum nous coatings” wth
CHMPORILAGAESH xPur & thgd netiser birBlarpadiespidyer s.tq n the
ihjEneoRhexts of Lheqprepsntyl nyention, pt he.oEXBLESElan o5

tum nous coating™ nmeans umm nous coatln S,

bsndékssonehma&slngnnanby ¢@ﬂaxidﬁuﬂuxuﬂixnaddiﬁﬂvdgs in

and thg bi tum nous concretes. .20 Classically, for
PARhEFRLREr PRGYESHFt umi nous coating, 4 to 7 % by wei ght

of bUEHan%%eQ'dldeénds/a@ﬁe%fn‘%h@%ﬁctQ@gP@gates it is
aggregat . For manufacturing hot-m x bitum nous

p@@étbhgstOtm§Qﬂuﬂa%h1tﬂmﬁnﬂpﬂaﬁe¢u@pm$ﬂquﬁiqncﬂmt&tlal
he |f U|red r ed i.n _order t,o0.
LPeBradl WS e e [ SEHA TSR 08 SRS D LRSS e,

sﬂdile HBXBdtumlﬁouﬁl X648t BEGOI 6l NPt @miheud %m&hﬁeﬁ@s be
produced, the n%erature of the aggregate being in
t he Iiih%b%rb@ah@o itgmepoue.  comferidhevpreumEpdused in

c@ggfﬁuQMsSBE@XEQQeEO 1ﬂ3§¥ﬁﬁ.?ﬁﬂi Q£(§h@he bituminous
aggregates. The tenperature o Itunen vari es
cammnatey b&hwedns ¢dlt Chiagows 190r&assas . f uticd | oexpfed dbon

esired viscosit

" ddit fill d t.
BRRM RS otb e SRECEREPY [T od eI RS aidee Wieh

bbefief foudURi REueEsatber rbhe cspnayidis ofnd hendidxpBission
The global holding time of the starting products in

"pheumpiQes reakdngs” 69ithcdidamigourisderifgs. for other
r@g@%g§ %QQH gdi scontinuous manufacturing - in other

nufacturing in batches of bitum nous
coatimgsthea coohekhuous nmahief agingdang priocessticn,al stthe
eﬁggggglgﬁersﬁgtumiﬁous -coating" means - the bituminous
coatings, still sometimes coﬁmonly_ cailed hydrocarbon
coatings, and the bituminous concretes.
Classically, for manufacturing a bituminous coatingf.
4 to 7% by weight of bituminous binder is added to one
ton of aggregate. For nmnufacturing hot-mix bituminous
coatings, the mineral aggregates are initially dried in a
drum then, if required, screened in order to be stored in

the storage compartments, the aggregatés are mixed in a

‘mixer according to the formula to be produced, the

temperature of the aggregate being in the range of 150 °C
to 200 °C. Then the bitumen is added by spraying to
assure coating of the aggregates. The temperature of the
bitumen varies normally between 140 °C and 190 °C as a
function of the desired viscosity. In addition, fillers

are added to the mixture and their introduction can be
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the operations are substantially the sane, except for
the fact that the coating operation is not done using
a mxer. The operation for drying the aggregates is
costly in 10 terns of energy and generates em ssions
of vapors and dust into the atnosphere. The
tenperatures of the mxing step vary between 140 and
190 C according to the tgpe of bitum nous binder; the
depat PAgorenpdnbing e’r cahitde Bhghwpraninheodde dritusn.
TfiReGhBLATCLNAS 0f opl 188 SHEN 35 0ohs! BLLAACE! hads ne
I'n I'ch the coat’ing tenperature IS in“the range o
m286rt ds 280 € bOghkermioxidsy teipe?at seesndspr €senhea the
heav¥6energg expendi ture and at the, sane tgne are an
I

AERGPTOIMEATAI  POPNGECSNTIRS to The thdesPFaBFe WOTds:
n8A8E9UEuL{ hy U S p AL e & evalediiind2d LeARehaEUre a
ranges induce deconposition in certain types-of .
cointupepss whhulhacéhease mWlarefunes. ahseokaongl y wherein

I X] ratures .t re.,lo have econom cal
e OB at PO Ve St B TRt | T SO i the
fast hangdt atide becHrRsg ASeVASLONS Orndt qlbrtk Wighg a mixer.
i ncreasing the tenperature. The bitunmen changes

contT}h%o‘E)%‘Wa‘Hﬁrb N ATYHII e 2@ dpitgon Sty in
+&£PRRYIJFY érﬁ@%;tfh%n\&' SEOMSr St &S € ki sshiasf 144 dv?%éfr@- and

‘Thi's change of” state 1s reversible an forms
dbpaki snod The atmdsglatieon possibilities such as 30

.Ng,. m Xi d ing..After th i tep,
the TRONSTRICHT I Tt 1 A1 TSV | S Bt ot By 40

 ahdie 1biot wremn @air digd moBditae! yypoaded.bifinous binder;

vi scoel astic 4 behavior of the bitunmen forns the basis
tht retphEpertiRaraGirehpFeyndit bighae donsthrucPpran ©f
s%@%fﬁiaﬁeﬁﬂgﬁs'é bBHPQingygb%% %%tQEﬁaroﬁgﬁﬁs%@ﬁ%%dgoin

eformation i's also favored and the sane applies to
whish| bhg- termistr eérgickerative<s i ast | thandapgasbiEc 200 to

hayi or. of , Di ren shoul _ .
2?8 ag.oéléh £{§H£ht%ggbeﬁgéﬁkég represent a heavy energy
expenditure and at the same time are an environmental
pollution due to the undesirable gaseous effluents.

The elevated mixing temperature ranges induce

-decomposition in certain types of bitumens, which release

blue fumes. Accordiﬁgly, the mixing temperatures ﬁhat are
lower have economical and ecological advantages.

Bitumen in the cold state is hard and becomes
viscous or liquid when . increasing the temperature. The
bitumen changes continuously  through | all of the
aggregation states, changing from the viscous state to
the fluid state. This change of state is reversible and

forms the basis of its utilization possibilities such as

‘pumping, mixing and spraying. After the cooling step, the

construction materials installed and bonded by the

bitumen can be 1mmediately loaded. The viscoelastic
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accordingly be transposed to the final product, for
exanple a road covering. The ability to spread the

bi t um nous coati ng and obtaining the necessary degree
of conpression of traffic gurfaces depend upon the 10
pliability of the bitum nous coating so that higher

m xi ng tenperatures are selected in order to achieve

an optimal end product. Particularly hard types of
bghatvikeh ?Equhe ohighen nf%‘fh@ thergersditucds the ergmentd

I e_tl 0 d S ;

o ookl b no y b FhBLEruet Tef AR O LAN kb io bound
bpathéchesuradn i ke aggt ®gat eto | dd Faduatiicon ief aﬂédﬁfavored

aggregates such a for exanple. fine dust into e
BT il SR 1 SOPRIST | gt | SANBTFEER aFF DM 1 o The

e@ﬂsti@cr&@ée Mhéftﬁéoslbéa(avz&r Eusopean pafieindsP %rﬂflﬁ_d

792 Bl discloses a nmethod. for producing a nmastic ‘
atbq’:rpmim@us drejat itmpnaricsted céot akhe Oimal o lrogust, for
e%&ﬁgg 8ol 4§ 00,2 m ’ﬁlgre 1111?%“ hetig ﬁ{%l ‘e

I'n ormtoincreas

biemhiﬁ@u@omd§t1@@rhhdlebthamengntaéehagessaiydH&@&b&rof
of around 10 m German_ application DE 43 23 256 Al
CHAREPIIE t h€Tusetraffieol iTRHCIh pofAEPIS or'iRedr the
{egye] m 9 ur h | SGO T hiQh
pthe bl?%ﬁer@f Tﬁg{é;ec})nlttt%gﬁ%%%r%e g?gﬁ ygaerf%pe l%f °r
mz&mmgtE¢mpasaaumaseareonﬁémmt@ﬁ.&n(pfmﬁﬂot®bbyhleve an

i ght. e zeolite powder particles have an .
.Oﬁgﬁﬁ%g %élﬁﬁﬁ 1 %T about 10 pm 5 Use of powdered

zeol pd e 2511365167 | Bed-d N e spr ber barimsloCW®Atire high
i nvol ves technical problenms during the handlinge;

mpghRY vt S SR leHEe Df 11 | O bleHaw i Bkl othd ignftdiey fldwd@tta&ef
S R s SR e R R P
synthetic particles of the aggregate. Introduction of
fine aggregétes such as, for example fine dust into the
bitumen results in a rigidization effect and thus to an
increase in viscosity;

European patent EP 0 048 792 Bl discloses a method
for producing a mastic bituminous coating which contains
0.2 to 5% by wéight ~of a =zeolite or 'a mixture of

synthetic zeolite in the powder form to increase its

stability. The =zeclite powder particles have an average

~diameter of around 10 pm.

German application DE 43 23 256 Al discloses the use
of zeolite(s) in 'powder form for reducing the mixing
temperature and the viscosity of the bitumen. The zeolite,
preferably a type A zeolite, has a water content of 5 to
30 $ by weight. The zeolite powder particles have an

average diameter of about 10 um.



10

15

- 20

25

30

(coater). This is, inter alia, a reason why the

nmet hods described in applications EP 0 048 792 and DE
4323256 have never been operated. The applicant has
unexpect edl y di scovered tha% the 10 introduction of
an additive having a high desorption apability with

- tenperature, in the formof granules, prior to and /

or during spraying of the bitum nous binder nakes it
possi Bbe td sulwierndte Tompltex @vubbecrtibelniicalthe prior

B £ BB O ot MU | s TRE A PEOR Lo PHETRE  the

heh¥eingepahendlywhigrearakl iy spbwl Bddibiive, ONCeshfety
has been added, to rapidly develop in situ_inproved

opéBEnitealthe chardtieg | of | PeWITHE a@@PECdR 14y tdiring the

1ﬁg%ﬁg¥€lbﬂ the 190 gf, ANy es .29 ;7 ke%n”cg» PPRS! bﬂnfxer
to reduce the coating “tenperature. Thi uction o

(theteoat i Apitenper atntrer abl das a redsohi oihy itheneegyods

aERRBURR, Ol PR PG B B iouent cfLfetSEss

hg@sefev8HCH=aS gggggaeg|OX|de 25 In the context of
the present invention, the term "aggregate(s)" neans

~the Fheepablagant d?a%ymlﬁem@te@@gr égat:esremdclﬂmte the
I n Ltu I 0 t
ShELERIUeEdh e, DL UILSKE, B MRS ) ORISR {esomprion
apahslitgt iwith 3@ cmpeiae went exh ofhd hefdllireselﬁt granules,
invention, the term granule(s)" neans the, grapul es

PBFoédd??le“haQFH@ KR "M e SBFBY LA aBﬁllFQeMA?htumlnous
b§ RAPST AL t hat ﬁé@si}ﬂié 0%06901%061&6 BL¥Biex double
(coater) prior to and or during the spraying of the
terthohéadbuprbbddar ofrhengalrcessem han@hin@nanhiusflr@lcmtes of
9 a(ﬂpthqgafgr rodu0|n b|tu n bqp
ConstiUdtih na?erlaj W?x re 95 % parﬁ
nbké UM Bease £PNCKEL Be 0O&n b1 Lifid NOAS addltlve, once it has

n lnto the

been added, to rapidly develop in situ improved technical"
characteristics.

The addition of.the additive in the form of granules
makes it possible to reduce the coating temperature. This
reduction of the coatihg temperature allows a reduction
in energy consumption, the emission of vapers:and'dust
into the atmosphere and the production of greenhouse -
effect gases, such as carbon dioxide. '

In the context of the present invention, the term
“aggregate(s)” means the mineral and / or _synthetie
aggregates which_are introduced iﬁto bituminous binders
in order to manufacture mixtures of materials used in
constfuctionJ

In the context of the present invention, the term
"granule(s)" means the. granules of additive having high

desorption ability with temperature that are introduced
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coatings, conprising the follow ng steps: a) drying,

in a mxer (coater) device, of aggregate at a
tenperature T1 of between 110 and 160 C, then b)

coating of - said aggregates that are at 10
tenperature T1 by spraying Pnto the nixer (coater)
device of a bitum nous binder which is heated to 'a
tenperature T2 of between 140 and 190 C, and wherein
iptborthe® antker ofcduténg e csprayi nghdf/ dbheduring the
bi t um nous binder, an additive having a high 15
SBESYLpLi 8h EBPIP%yumﬂﬁﬁu¥é%ﬁ%?%¥ure is introduced into
the #hXep(GAkeHhJdhitible QMR Of DE2DYI 8. aS8dhhod for
granul es” conprising fine particles of said additive
ragdregaged basimgnabadfiedi venssuidtionenpaetizl esixture,

havi iameter of bet 2 d. 4
155" KRBT o of -ERBLBYSenCOPRVGAET off® ¢ NE: L@bptovs

coavenags doapelieingi shdefoéneshasgtiespsi thmetic mean

of the individual diameters of the particles neasured

by  5asgryghgnuk AMBL ki xekn (@R tRAST &Id Bk EMOd! ABhte @it
t he inven%io%, t he ZSXFengeratuﬁg T2 Jf heat i ng ofeéﬁ ©

~atha bEhDAFrAbusebT ndelr HefwesingHd0, aady drfttagéoudihenby

approximately 30 C, than tenperature T1 of drying of
" the hpgreghies. Auvantsgebuskyggregethist unichegs bander at
is heated a its typical coati t enper at ure_and t he.
C5IBFEgaLEE &t &Y SPHIGE AP ('arpdh APl o Y ERET sievice
ogbaut i3¥mil-ey Hialesaieh diypisahea@ati Y tLMPehRE th€ure
In particular, the 7 drying tenperature of the
Ta@?é@%ﬁ"&eﬁ stHB3EChAPL hE: tenperature of heating of
‘he bi . . . c fing Lhe .
agar okt TaoRER RPEEE 18 BT (b PR TP Y of
tbhé t bethitinwusoudibideder tandsadditbvappheadhat hex oneigh

d8£o£§§i§§92§%ﬂﬂﬁird#ftﬁotkﬁgeﬁg%hx%pa{s introduced into

the mixer (coater) in the form of granules, said granules

‘comprising fine particles of said additive aggregated

. using a adhesive, said fine particles having an average

diameter of between 2 pum and 4 pm.

In the context of the present invention, the term

 "average diameter" is defined as the arithmetic mean of

the - individual diameters of the particles measured by

laser granulometry. -

In one preferred embodiment of the invention, the

temperature T, of heatihg of the bituminous binder is
higher, advantagéously by. approximately 30 °C, than
temperature T; of drying of the aggregates. |

Advantageously, the bitﬁminous binder 1is heated at
its typical coating temperature and the aggregates are
dried at a temperature which is about 30°C lower than

sald typical coating temperature. In particular, the
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aggregates constitute the largest part of the m xture.

In fact, a bitunen-bonded construction materi al

conprises, for exanple about 94 % of aggregates and

6 % of bitunen. it is a_Zsumsd that the aggregates

are heated to a 10 tenperatlure of 130 C, that the

bi tum nous binder is heated to a tenperature of 160

C, that the specific heat capacity of the aggregates
digifg?2 Hdndptemﬁtdlrtdweobne:h@f thegrodit en msuslim‘mjeanijs the

0.5 th/t t e. pro I ons, of rel at
CPOPBFTENER B corBOHRE LTy cr Y Ot GRaHI b T e e 1607,

M Xi pgriegpenat ebatcifigt hus %%@r@gaﬁ%%OQQiﬁgky_blﬁuﬂﬂﬁbus
drying tenperature of the aggregates is reduced, the

biedper a‘éb?et@mp@@@wm ¢§. theskliyporeantbindgr tends to

é??@%ﬁ“ WEE f DI %ﬁfé‘fﬁﬁeg%ﬁsa%s t%‘%df 'R that
SCOSIty |ncreases UsS becones nore

adgfégetes. coﬂhEprtaosmeOIar@éf@deitcmf(ﬁhéfmﬁxture In

faddltlv jS to ensate for this drawback. Under,

2Her eff tt Ia?erm%on HhpEPRE HFBCHE OF h@A GG Edat ST 43RS
faddbkh¥g1EN Lhsutonms oéf %?@f@&été@'&ﬁéeé o her Walti@imen .
that it contains in solid ormand thus artificially
Ifed@cesStI@@&Hﬁ@@osth@/tofchteheamtmﬁmsareodmadged to a

t Loves al I.n th cont ext
t%ﬂf@?ﬁéet%?%se% |1r%\r(;52n |'ont ﬁeq_‘g& %glugﬁn Y4ddi JFQ/%
hdavédgta Ai ghmoesotptd onf absd i 1y, whdh tresmeiatilmie’ heat

nmeans any addi tive able of rel easnlyg 30 _under the
CERRFHRY of f hede , 29I HHERS wot db- Attt aisbridturade sfovidre -

bﬂé&ﬁin8@$eﬁgh@§r0f5¥66e§ EE?E aﬁﬁuﬁftyﬂée r%?%@%ggns of
|'ayers or the interstices’of 1ts. crystafline

atmrwa(te 8rgypicéabl ywo thsupdyskcal Ingspmprtiiveded Wakerand

K:Q¥Qn§§1ng gg%ﬁékgt&@éels thus 134 °C. Accordingly,

if the drying temperature of the aggregates is reduced,

the temperature of c¢eoating is less dimportant, the

temperature of bituminous binder decreases and its
viscosity increases. Codting thus becomes more difficult.

The purpose of introduction _of the additive is to

 compensate for this drawback. Under the effect of the

temperature of the aggregates, the additive in the form
of granules releases the water thét it contains in solid
form and thus artificially reduces the viscosity of the
bituminous binder and thus improves the guality of
coating. '

In the context of the present .inventidn, the
expression "additive having a high desorption ability
with temperature"-means any additive able of releasing;
under the action of heat, in other words at a temperature
above 110°C, molecules of water that are situated between

the layers or the interstices of its crystalline matrix.
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Advant ageously, an additive is used whose water

content varies from5 to 30 % by weight, in particular

5 from1l5 to 25 % by weight relative to the tota

wei ght of the additive. Thg granul es conprise fine
particles of said additive®aggregated by neans of a
adhesive. These fine particles of said additive can
especially be obtained by 10 wet granul ati on. Then,
Tyipeyadile , agdriegattes iusi iy aihpndesnedr waneadhesikeum as
"ordaé to cr%ate"granules of an average dianeter of
BECHEF0¥3 RErand 1 nm Said adhesive can be, in

part havhatagdodely vatdye Liq:Geld uligseysdy agheséVeyater
particularly suited for 15 aggregating the fine
cpatent| e fessateeraddi thiove30 g ear bestghtt hyiln ged rid ogbar

| fgr%{g{c)lg dggr 23R CRSONS {;élé@ixpr etf_oerti béa ﬁtcﬁltoalha&‘éj:{g?%eof

I'ti've in gran orn1raﬁher andl 1 hg
thamaddaddivei.ve in powder form In fact, the granules,
conpa&gd 20 with powders,, have in particular the )
f ol | 5 ng ITANAREagELTPT 156 t ef1hANIPREGLESES ki, said

| abgnanspar taqgﬂ:%}éa%%; byzsxq%%lsf Q/eBL | QAREEHRL NS ThicWet e ne

N better f ty; . no curing. The applicant has
peirfiikaeby odnerpdc bddiy idies coveresgedilzdtl vt b obtained by

introduction of the additive in the form of ., granul es
il GREHEL RETRS ] e B b bt orb s et 1T & e
ofthanmax@es(iceatar breoftd @randd RrarflldNe A hth verage
sprayi ng of the bitum nous binder. The coating step
dFé@?geroﬁfyb%Eb?%&i%ﬂ@émw and sbd¥hds, up to a maxi num
of 120; ss SO dti 1S ] t jfd

o SoidofaRgteve doal ipd & LIROH Bltu I8! 1 M AVCHYE o
cdbtinhgsehi s An adhesive particularly suited for

aggregating the fine particles of said additive is

carboxymethylicelluloSe (CMC) .

For many' reasons, it 1is preferable to handle the -

additive in granule form rather than handlihg the same

additive in powder form. In fact, the granules, compared

with powders, have in particular the following

advantagés:

" better handling (stocking, transport, doSing);

" dust formation remains limited;

®= better fluidity{

" no curing.

The applicant has similarly unexpectedly discovered
that the introduction of the additive in- the form of
granules allows a more rapid distribution of the additive
in the mixer (coater) prior to and / or during the

spraying of the bituminous binder. The coating step lasts

only approximately 40 seconds, up to a maximum of 120

seconds; so it is important that the additive can release
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short period. Once the additive granules are
introduced into the m xer (coater), the fine
particles of said additive are no | onger bonded to
each other. Thus in the 5 néﬁer (coater) there are
fine particles of additive ich have an average
di aneter of between 2 and 4 m It would be difficult
to introduce the said fine particles non bonded into
at il Qoeateér)y dcmﬁ t.uta heanﬂm‘exousuaﬁeachclhcahg this
groblens cagnected gandllng rs. 10 In one
8YanP5ges 1thge \?@HP 67, dfe *7iiuced
iRebt i ehes nifkesal SC@Q%t_wl)ve haye ﬁrﬁi’e?'afr't(ici\érsf ase id
bet ween 8, 000 and 26, 000 cnR/g, advantageously at
aﬁéa§w§5a0@0n@n@pggeﬂf‘e@§@ad@d By |legsdy affeiul difuts yin the

oflol PSP el abor s or v gl L b g0k gabl [ i

-h§?é"hﬁahb89aaé HhamadBesiore pdihlRRSeS MR & fhan ﬂ@’w@uld

its watef in less than 6 hours at a tenperature of
bpetdidericldd and mmduﬁee Share saddi tfiee i patiiécflesmnon

er,, .havin ver e.di anete of 10 '
bSB %gseswgﬁ ég}e Pﬁan150 %%' @5? £ the Mumerous

té@pﬁ@éﬁaﬂaibﬁd)bflé;ﬁs h@(bhﬁﬁe@ted &uiﬂmrﬂilﬂrﬁg @wd@y\ﬁen
140 and 180 C in | aboratory assays. According to one

advaht agfed A B e grRe Y eSBRDS UM RNt O T oFhe N VeRektT o he
fil‘?@ pdditLygsuged éa%cf DAL YEBLeandyl ar %:‘é&yﬂéﬂe&ﬁfface

zeolfte or ifts initl anof phi ¢ synt hési
oAdvamitregreousl, PO Of i bed z%@l@@@ dnefalfy, ze@ﬁvaatagdoﬁsby at

cube e i.s, used as th lite. [

1ERTE L5000 iy SR U i dittety e g, |
paul AngiRee #Sndlseel l%oﬁ@@oﬁﬁoéééﬁy, 3h AdyEint AEEOISE und
the zeolite used is a synthetic zeolite of the A P

thakndtheor addigaae Prigt eribey, farmo PﬁpegK%ﬂRﬂQQeaaftEI
eQIﬁfHé@ioﬂnoEa%'éng&ﬁe£§W%pgr&TSa§Q§nh%%% than 70 % of

its water in 1less than 6 hours at a temperature of

between 140 and 180 °C. The same additive in the form of

a powder, having an average diameter of 10 pm, releases
more than 70 % of its water in approximately 15 hours at
a temperature of between 140 and 180 °C in laboratory
assays. | ' |

According to one advantageous alternative embodiment
of the invention, the additive used is a natural and / or

synthetic zeolite or its initial amorphic synthesis stage.

Advantageously, fiber zeolite, leaf zeolite and / or
cube zeolite is used as the zeolite. Faujasite, chabasite,
phillipsite,. clinoptilolite and / or paulingite is used
as the zeolite.

Advantageously, the =zeolite used is a Synthetic

zeolite of the A, P, X -and / or Y type. Preferably, a
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formula Nal2 (A102) 12 (SiQ2) 12, 27 H20, wherein the
guantity of Na20is 18 % Al1203 is 28 % SiQ2 is 33 %
and H2O is 21 % By conparison to the zeolites of

natural origin, the 5 artificial zeolites frequently
have a const ant unifornity](bnd quality, which is

advant ageous in particular for the required fineness.
Accordi ng to one advantageous alternative enbodi nent
tqbethezbbwenbigmanume addiphyeltﬁlaﬂth@ﬁun@dtm@t@hdetal
10 m xer_(coater) at a quantltﬁ of 0,1 to 5 %D

fRerghe, Naiz pakbilcal2°0.12 1o’ 0H&dPa B peaéﬁamt%waf%wty
dronbhs 10184 ¢ valdhl ol e Moxoyres Buiresuant e thesy g

i nvention, a methad for produ0|ng bi t umen- bon
consByuc@MparwaDertalthﬁxteobltssn@ﬁenauﬁnabamizﬂﬁna the
artlg gpargg.%o fgniliag g gct on getﬁ% in. rmit
EOMANELEY APOLORSPAEF SBIY T el HF xT nGOYBHBRT dt'it ety
awdt Boul 1k)er eaSichg iwndesidmilgedude M sesiitdtldd for the
confers an elevated flexibility, which makes possible
rPAPL69ddEinABRERENt ati on, to the bituni nous coatings

Of +BocBlabhbURbNONS GADGHELEL 50 MENLLACLUL 0L el ddiGidne
limtation 0 any particular theory, 1t can e that
OEheﬂHﬂdunveatlbayingmﬁ hdghtﬁeeoﬁpiitmmfmmm¢¢@ iwtbh the

erature gressively re es the itic
miSERr (BPAERS) At oAy ) o o qurt B (FShipor i
pa&tzéuwﬁ phase:ofoi gl efpnfatdien ekikheval xbUi@e total
conprising a bitum nous binder. This progressive

vedgbhsefofheheivwhtee. allow for the mixture to remain

TorepRLLARKE Rered LARARESBRT) OO RLALEC e S0 dling
success y rel ease “wat'er w f hout erat ure
bﬁnﬁmeaSBSHdBd thusstsﬁctncmeas&seyisbosmiytmm@ngeﬂ made

nec Eye to the fact that the pliability of the
W x %IP efS AFPuERERG TeFo it iTARIAL 14T PG T ART iRfthods

igatRlcdaxt Hee (ﬁ%’mlbiér%hﬁ 111ower mixing temperatures
without increasing undesirably the viscosity. It confers
an elevated flexibility, which makes possible improved
implementation, to the Dbituminous coatings or to
bituminous concrete so ménufactured.

Without limitation,to any particular theory, it can

be that the additive, having a high desorption ability

- with temperature, progressively releases the zeolitic

~water at the time of ccating and also during transport or

the phase of impleméntation of the mixture comprising a

.bituminoﬁs binder. This progréssive release of the water

allow for the mixture to remain more pliable over a
longer period of time due to the successfully release
water without"making temperature increases and thus

increases viscosity changed necessary. Due to the fact

“that the ©pliability - of the mixture is influenced

positively, the construction material mixture exhibits a
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conpression willingness that woul d generally be
acconpl i shed at higher tenperatures. The rel eased
wat er brings about a foam ng of the bitum nous bi nder
wi t hout negatively influeqﬁ%ng it so that the
aggregates are 5 coated to e desired extent. Said
foam ng effect is expressed by an increase in vol une
that positively influences the bituninous mxture.
chhpresseopar t willé ingates vapbrtbublbesddf or generally be
ni_cropores, ich.result in a grQss densit f
PSR RA R o o hTer | SPTHEREGHGESA Tttt Ieire vater
badwaRt agRaonsi sbamiAgt Bat thhke yoluEhd e rBesger WALEBuL
is itself rather low, confers to the bitum nous
negatingla c#@ﬁluynch@@ov@u éonpERasi bihe t pgmiegates are
ct g e di e j m .
TR L R0 HBb R BRSPS, nESHEnG, e 1
egpipsisedngbyg 1anbi unrrase bnndewOlﬂmeevehbt positively
,di tribution, of %he wat er - g in the blt%nen bonded
TROLURPKEEr e 1S e %EP@anoﬁﬁrtW EFEFPy t BPGug Thesprebicle
wa%e&h%aMgﬁrbgeﬁpés £ rhhin c 5ifSned ! wﬁléﬁck%thﬂ|Eﬁ a
the water rel ease does not occur spontaneously at the
loil ongspoensbiiy plﬁsttéadcozet@aclungncmﬁtemma@lsmyxmre A
%lege erature range of . f on1%1g g gblA%COEQEanse
6-an advan 86@ aF?gFﬁg Pvé ﬁ% di n%nt of “the ’
Whﬁ]bﬁﬁntJ_@nﬂ_thle'l'ferlSa'lﬂf@: i Doddiddroferd ntbodiieedbpt @inous
to and / or during the spraying of the_  bitum nous
CBRRABE. ATRéSATLY| LBPEO¥RdUFEMBARPESLM 25ty SPKi BaTPaRting
.?Ersgﬁoﬁgd'%h%eaﬂaikﬁge eHbQP dgsQRRELRR dﬁQkkhBMt%&hhof
enperature in the m x. Advant ageously,
thel | eregear e vemcnoducad ahet h&oganenititeras tt:cbteprlsmg a

ofddhhuse ASERIding,to an., advantadeous &l Lernabiye e

vapbunimﬁusthend@&@uﬁeMLﬁaﬁaadaraoﬂoshlxﬁa&blcubarbﬁsured
bi tumen, special bitunens, nodified bitunens, polyne
PﬁBHFFPéar%VtGﬁ§ﬁ§g8rZﬁP%ﬂGﬁeé“&H@F%dﬁater donor. In thls

case, it is decisive that the water release does not
occur spontaneously at the o¢iling point but instead
occurs cbntinuously in the temperature range of from 110

to 160 °C. According to an advantageous alternative

. embodiment of the invention, fillers are in addition

introduced prior to and / or during the spraying of the

bituminous binder. These fillers ensure uniform
distribution of the additive having a high desorption
ability with temperature in the hot mix. Advantageously,

the fillers are introduced at the same time as the
additive. According to an advantageous alternative

embodiment, the fillers are rock dusts.

The bituminous biﬁde:s envisaged' are most
particularly bitumen, special bitumens, modified bituméns,

polymer modified bitumens or mixtures thereof.
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12 Wth the nethod of the invention, a drop in the

m xi ng tenperature by 30C to 40C can be acconpli shed,
reduci ng the need for energy by about 30 .

Measurenents have shown tggg t he specific energy

requi renent can be 5 | ower by 14 kWh per ton of

bi tum nous coating. When considering a coating system
that during normal operation requires 8 liters of

f uel Wakh ptehetmﬂtbbdbidﬂmtheusin@@xatimg,, thidrapans ache
saving of 2.4 liters um n at, the annua
MHESEdct TR st |br¥gs§$ 7 GEPmﬁrQG 1P 3pettFompYt Fired,
reaape el ithaabida 6bof Ehi®By tNSapdkespect i MehyuAdnents
million tonsé this neans savings of 400,000 tons of
hagebghatiroxtet ( Eespearaaidic 2%69@9 rleqns)femﬁnt can be
l%QgEEdOQB IE4SE%%.§%9§ QOInte utg%oug k? When

nperatur e  bi tum nous meter al t'areier &3 &nﬁé

caesd)slelrin@nd vapotsg- Nﬁaﬁémeﬂﬁﬂtsdmﬁ_ﬁgahéﬂnﬁm@péﬂatlon
prove the reductlon of em ssigns of pollutants,

IPSHéFeSpe§céﬁﬁ§§§ oP L nobidlus Cdrd E@Brdﬂ§‘s@§st%h%%%ln0us

c¥asiabsotndst RELAL! &- S%@ﬁgrgﬁegtg hpethe CQgé%i%?fthat,

coating trials 20 have given a val ue of 350
ther osehnvapor s ppeductiben netoedi ofcatridfgy then  Germany

ut|I|z tion of ,a s andar BG5. hi.t n ting

Ferpef Bt tPevor 1H6a EiRit a 4 ueiIE od s My Harotbkens
(rekpecefivaily far RAig0abhnadper ahuke m@énsm?aa%ng@e of
to the additive in the formof granules 25 having a

1RPgR0Bestepti otf atsiambop wiik=dedeperdapapectinely 246,000

tBaLticular a zeolite. A lowering of the m xing
tenperature by 26C thus resulted in a reduction of
ul trahi pddpaibnel es ol M®npodatableuth&hgesamlbwer

al dwth th dor.. Of o
+80BPET Rohs e SUH o Pe Ydoik oA F R 5ge | BHER ERBbERver

a@fo@gpé_ﬂﬂdtﬁaﬁg}a.|m%5§@r§@§ﬁt§fw@re.also able to prove
the reduction of emissions of .pollutants. A lower
pérceﬁtage of noxious and odorous substances was also
detectable. Measurements in the context of coating trials
have given a value of 350.7 mg of aerosol vapors per cube
meter of air for the utilization of 'a standard B6S

bitumen at a coating temperature of 168 °C and a value of

90.4 mg per cube meter of air for a coating temperature.

of 142 °C, due to the additive in the form of granules
having a high desorption ability with temperature, in
particular a zeolite. A lowering of . the mixing
temperature by 26°C thus resulted in a reduction of
ultrafine particles by 74%.

Considerable changes are also experienced with the

odor. Olfactory evaluations with subjects resulted in a

lower number of odor units (0OU) 1in the case of a

construction material mixture that was produced at lower.
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construction material m xture .that was produced at

| ower. 13 tenperature on the basis of the teaching of
the invention by conparison to a coating manufactured
at a normal tenperature of coating. Wth regard to

the spreading behavior, nd3isadvantage could be.
detected conpared to 5 regul ar bitum nous coati ngs.

The desired surface structures were also achieved
tempbontudef bh cuhé yoa &hangesthet beselgnig 4O tis@ghvention
properties, stability, ri ppi ng capacity, weather

by e st SPRAEES Ghd t@ur &bi FPa T Ner B PeFhoffced. Mhatal

j ] S ti ; e, | i xtur h .

e o The rAcenced et hod *TonscdtentTs ol orre
behaviame propisEdemrdsgehecomti@rbal depeotiadedcatpared to

- hi t t . A further object of th t
PROEREI o] IR S R HORIG CoRBEr UCETON AL ord o Face

sir¥tdheesi Merd 52 Pod tACKH @Fed@ Wi £ 1A QUISE £IOACIBE € OF
bi t um nous coatings, obtainable according to the

pr esePRnNgRw etit Fonredpsfeity, Us@ge Herqrertlsss i tstability,

[ n i h 1.SS). ONS. 0 S
TR O oo T aduant Lebonar T alEE R iRl £E0Y ere
noR0 batert heoticed of Thepl etremhahows ebnsheubition moussrial
nggti ngs gn a road .construction sihe, t.he aerosol
MERTEET onENGEr e YRBas HERFYGED het Qi cithft y Toerfédhavisthod
cOhb¥glient D¢ COMACLOTLKL | Yoo f%@béf%ﬁééﬂaééﬁﬁetﬂgterial
paver. A paver is a self-propelled roller vehicle
pProduced 2at rieglien Mgenprrateadyst o- use material, spreads
|, Aevalspdt. hamps apd stpoths Jlproyidingaftels .
its ‘passage a Prarshied’coa i hg. conpacPor 'S a
biraghemebdidid r eddsest rubyivhbr aiaterieol | i fg x@ure, in
ramm ng the apparent volune of the bituni nous R
PRbat FR” . 23bL HPaRPE§e SSF S LAt Yth& iy nsas Coatlngsf
o@@@lh&@@éoﬂcegrﬁhﬁg to the present invention, wherein,

at the time of its implementation the emissions of

aerosols are 1less than 0.5 mg/m?, advantageously less
than 0.36 mg/m>.

At the time of implementation of the bituminous
coatings on a road .construction site, the aerosol
emissions were measured 1in the vicinity of the pavet
driver, the compactor driver, and the table of the paver.

A paver is a self-propelled roller wvehicle that,
;eceiving the ready-to-use material, spreads it, levels

it, tamps and smooths it proﬁiding after its passage a

 finished coating. A compactor is a machine that reduces,

by vibration, rolling or ramming the apparent volume of
the bituminous coatings. - ' )
Advantageously, at the time of application of the

building material according to the present invention, the



bui |l ding material according to the present invention,
the 14 aerosol em ssions and vapor em ssions in the
vicinity of the: a paver driver are between 0. 5 and

1 nmg/nB; 5 10 3 * conpactor, driver are less than 2

ng/ nB, and * the paver tabl'® are between 0.36 and 0.6
mg/ nB8. A further object of the present invention is

the utilization of an additive having a high
adessopt enhssabinki aypdwiviapotre mppersativne, im the Viorimidfy aof
ﬁ%gnule, for controlling the tenperature of the

xture conprising the granule and the bitum nous

binder ool8s0ldi 2% e Betlies of MahAs1! Abagt, The
granules of the additive conprise |ne particles of

sai " addinpiave cravirigea aver Agesdiammt ér ofj/hét vesdh 0. 2
and 0.4 pm The flne particles are bgonded  to eac

5 ot het Gyengéﬁ§roFa§ 6 Rd&r PEEWERNaARES 9BY §nE mIfy’.

adhegi ¥@ ¢RRr | MoPaELi OF afne b%r@s@%rt' VALt Me 8n is the
cellul ose such as carboxynethyl cellul ose.

upivam ageousty, ::trhe adgtidrniuiees hafvine addiighe d@ﬁ/@rmon

ver age di ter between 0.1 and 2 Accordi ng
R S AR ta s i VS e nene, S5ghfhes” for

C@ﬂ'ﬂf(ﬁil/ﬂqgls’elﬁjel Be@plphtiné a@fdtie Qﬁl:Sﬁhﬁ‘ié‘%(b@ﬂﬁ@iﬁé &he
or its initial aporphous synthesis phase.

10 opemake RSy, P1EWBIDRES | PEndera IntRtas e} ke r@lxture
rékfnzeql tta%tandTH%eagré:rHPleesZGBk' lhe ngdgﬁ%bt &5 se

to can be ong to t group conpri sed aj asites,
fohabesiteslephofi pastesddlbivdihoping osidesragml dianeter
aul igistes. still, nore advantageously, the zeolite
Es}é%it‘f’%e% QyAt Refi & Aedii-t Fheoff ite DRE L CIesamry knded

£&YBEchPY %@@fﬂ%y mgaggag%l%(%lnder or an adhesive. The

~15 adhesive can, in particular, be a derivative of cellulose
such as carboxymethyl cellulose. Advantageously, the
granules of the additive have an average diameter of
between 0.1 and 2 mm. |
According to one advantageous alternative embodiment,
20 the additive used.is a ﬁatural and / or synthetic zeolite,
or its initial amorphious synthesis phase. Advantageously,
the zeolite is a fiber zeolite, a leaf zeolite and / or a
cube zeolite. The zeolite used to can belong to the group
comprised  of fajasites, chabasites, philipistes,
25 cliloptilosites and / or pauligistes. Still  more
advantageously, the zeolite used is a synthetic zeolite
of the A, P, X and / or Y type. Preferably, a granule of
type A zeolite 1is used, in particular having the
empirical formula Naj;z(A103)12(8102)12, 27 Hy0, wherein the
30> quantity of Nay0 is 18 %, Al:0; is 28 %, Si0O, is 33 % and
HoO is 21 % N
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type A zeolite is used, in particular having the

enpirical formula Nal2(Al Q2)12(Si Q) 12, 27 H20

wherein the 30." -.quantity of Na20 is 18 % A1203 is

28 % Si02 is 33 %and H20 is 21 % 15 It is

recomrended to use an addi tive, whose water content

is between 5 and 30 % by weight, in particular

bet ween 15 and 25 % by weight relative to the total

vei ght ofs t hecagdbhby@. t5 AGROr gh g dle takeadvanisagemise r

alternative enbodi nent of the invention, the additive

o tiemttr okRICBETIAEE theandh X@r% (Rvatieiphar dryuamtiqular
tos5 94 by e rt {o 8

b%ttwgeill hf?SWIt cpr g\ggectg%o ﬁ.gﬂ@t O%%Féé{vght%oof tgﬁ t/(gtal

wmughmref t&eAdddﬁtageously, sai d addltlve allows to

mai ntain the tenperature of the n1x%ure at

appr 6XFREFERY . et ¢ ‘é‘i%ﬂ@é’lb? TOEE TR B apRReHpent
oeheriend i nfenstiep, b) shahbhQi ERee Mg UL L FEARESS 1{RLACIthe
The tenperature of coating attained at the end of
mstéi@g Hyoeas e adalbc guangdtyv15fudi-Agtehé % ol ppwiergght, in
={C Tta%m. + ra
%E?g%?ggén sét%éng%e0|f hea%éﬁgnqﬁﬁglaggg%%a % the

toeplesenthtt b€ specmikeubheat of the granule 20 m
represents the quantity of the granule Tl represents
t he PENBREEEGPESOHY: dPYLRgRdRithee granéﬂé§wéef|ned into

m3iBRadh Che &Y 1S4 S SREH fdlfxﬂ%ﬁée quan tOXJ_mately

bi t um nous blnd 25 M. represents y of

'tbetuﬁmpeustbmﬁd@f TRatépgesthasnetieahebhéngnd of step b),

é)%%eﬁ?h‘” Sl RhbyTinous, bindery, detingd at sten,c
coating attalned at the end of step h) can be calculated
using the following formula:
T, =(c,xm xT, +c, xmy xT)(m, xe, +m; xc,)
wherein T, represents the specific heat of the
aggregate
cg represents the specific heat of the granule
'my represents the quantity of the granule
T1 represents the temperature of drying of the
granules defined in step a)
- C ' represents the specific heat of the bituminous
binder

m; represents the quantity of bituminous binderx

- Ty represents the heating temperature of the

‘bituminous binder, defined at step a).

At the time of its passage into the screw of the
paver, the coating is distributed and the thermal
exchanges with the exterior are more significant. Prior

to this step, it can be considered that the coating
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At the tine of its passage into the screw of the

paver, the coating is distributed and the thermal 30

exchanges with the exterior are nore significant.

Prior to this step, it can be considered that the

coating 16 "renmins intact"l1®oth in the truck and in

t he hopper of the paver. A further object of the

present invention is the use of said additive for

"ire@iagas Nthide "nandli non otha aruekbidndmen: bandegbpper of

construction material mxture, in particular a

thiet ®AVR&us concrete or bitum nous coatings. In

DBl | R4k na3abl 8de] bl enRaKk08.R N AYond95A! LI P use
with tenperature Ws to increase handling _

o@f aandxtaddiﬁxme uierlnlnoneasﬂnglaﬂmzohpnd$ung Wfaa a

hi t.um nous binder; in particular a blt m nous concrete
DRI BORORE QAT AP oy TN b CORGE T s of i

paARleMEALati 8RRl ABuSS ‘éoﬁbﬁ:ﬁe'tféub‘i: bhﬁuﬂ@ﬁbhﬁ ub8kt dhygs.
anbi ent tenperatures from5 to 10 C. Wrking at cool er

“anbi ént teapeiatiaes cadisl soabdipivposdarvimever, high

FSERIEES L B8, P LA Bl L AP Y e

haadeinghef addii{dtonr-off@dldisé vensuehsasubei éhnbehpeesing
descri bed, nakes it possible to inprove handling of

at g LTI OSo (RS- DS i YUrRAT THFRLF opepiupgnous Concrete
oRard{ Guh AL dys a@%ﬁﬂ&ﬁggo%hd@[e atiRk h@ngUt(‘gﬁﬁfﬁ:l(ﬁ{S of

anbl ent tenperatures”at imt o t he usual

.lWQRem&nEQSLOhf wohehw ahes dof Gpplhtt hercogpirigcudpr  at

m nous .concret e no% ont n%$g hIS addltlve

@FlsnFﬂ.éwﬁég?aaaaﬁ Pha YSoler

amaéhﬁg Zhnpeayau s read lawes, béh%)r@@ﬁb)ls@ﬂt However, it
enperature nust be greater than 5 C. For a thickness

aBPeP€§sCPHEHG$L§ntQh@orﬁm&ﬁﬂﬂmh%ﬁﬁkr5@%E%r%%%¥e%e1°W9f
tgggabebcthan 10 C.

The coating temperatures .being the same,  the

'addition of additive such as hereinbefore described,

makes 1t possible to improve handling of the bituminous
mixture. This property is particularly advantageous when

WOrking outdoors, at ambient temperatures at the limit of

. 'the usual tolerances. If one wishes to-apply the coating

or the bituminous concrete not containing this additive
at a thickness greater than 5 cm, for example a wearing

layer or road layer, the ambient temperature 'must be

greater than 5 °C. For a thickness of less than 4 cm, the

ambient temperature must be greater than 10 °C.

Under extreme atmospheric conditions of
implementation, regular 'bitumihous coatings cannot be
spread because of the excessively great temperature
difference between the ambient air and the temperature of

the bituminous coatings. In fact, on contact with. the
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Under extrene atnospheric conditions of

i npl enment ati on, regular bitum nous coatings cannot be
30 spread because of the excessively great tenperature
di fference between the anbient air and the tenperature
of the bitum nous coating&ﬁ In fact, on contact with
the 17 anbient air, the coating cools, the tenperature
of the binder drops resulting in an increase inits
ambdehts =dng th&ewoseiagrigicdid,i caté onempetheuesabifngche
ILn consequence, _handling of the bituninous coating

biBEPESEEPPeLFPILAG N 15 AONPAEH SRS ditfY i1 (P “*I'Z‘HJeS and

liQ@hEb@n ot i gahdradditbMeorabhowsok 01 hdPr By e bbb difee,
of the bltun1nous coatings regardl ess of significant

hﬁeﬁr@enat gfetblef bérentesuandoathug dakesases possibtng oln
contl ue nous coeatin

cGPrERafg SEBES LAY, | e DAUEANT BR0 583, RefLeiv

athatqswﬂﬁﬂ thpragbi eﬂi\incﬁlinqso&'t €he  eAREMANBUE Ofoatings
between 5 and 10 'C, even between 2 and 10 'C, the
rg§PBGAdSEan e atlEH BVENY olkemPesRberst ufeffepgnces and

tﬁﬁgsqﬁgkéyvgr&t'gasék Qergéd@t e3nkQndedevd c 6, dar with the

produci ng a bit ond construction materia
bmtumuneus ¢5atnngarUndetaexarbmeuatm@ﬂghenncr@mmdxnlons

? a?goghlg dgbngnﬂ 8P| ‘ﬁg?@éé%coater g;xing

tempéﬂhﬂ@yé Birnderswddie s5addidt i Me favi 8ge@ Begheen 2 and
desorption ability wth tenperature and, if required,

19j Pfer he2groundviae Porapraduey ey %PWﬁfLﬁﬁﬁpQﬁﬁﬁﬂﬁP
consty LICHL.QD ARt LAl T Xt ur€, i N PR c%ar Hevice for

bi t um nous "concr ét'e or ~ bitum nous coati ng
peodpcisgng i thxen- bonaéer¢onsxrngtﬂonnmm@mfdahnﬂ1$tmme,

synt heti,c regate, .a binder and, if required,
1R | |P€F§lcu‘-@% i st4 nghi EATbYCERe CRBCTERSL t 2B Reus

cb§t@§§sg&% F%léhhg drhﬂ%%ﬁﬂ(é@a@@ﬁbthM%lB%V@Hbiﬁ?neral
aOfal Of Syhthetic aggrigates, the bituminous bindef, the
additive having a high desorption ability with
temperature and, if required, fillefs. ‘

A device for producing a bitumen-bonded construction
material mixturé, in particular a bituminous concrete or
bituminous coatings, comprisiﬁg a mixer {(coater) mixing a
mineral and / or. synthetic aggregate, a binder and, if
required, fillers, is distinguish by the fact that the
device is assigned a silo, in which an additive having a
high desorption ability with temperature is stored, that
a weighing dévice fér ﬁhe metered feeding of the additive
into the mixer (coater) is located after the silo and
that the weighing device is connected with the mixer

(coater) by means of a conveyor device. In this case, the

conveyor device can be a conveyer such as a screw

conveyor for the fillers that are to be fed to the mixer
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a wei ghing device for the netered feeding of the
additive into the mxer (coater) is |ocated after the
silo and that the weighing device is connected with
the m xer 30 (coater) by neans of a conveyor devi ce.

In this case, the conveyoﬂfﬁevice can be a conveyer
such as a screw .conveyor for the fillers that are to
be fed to the m xer 18 (coater) . The conveyor device
(cadtaks0 DEha poaueRbiC dooimeeyosn Wiseh beads ppetingtic
sprayi ng device present in the m xer coater, such as |,
CRN6YPFe. Wi dhelatte B ARRoBPIFEYSPHo AGH G TP Hve' D
t%e5h§§gér€pgk€§95588ﬁ §9 Lhabbiecan be transported on
a truck, in particular on a ﬁeavy-duty truck. For the-
pur pédse bher eppye nef hex addittiilve Bridm,t het sehopld have

el | eel. lock is provided, .fromwhich the addit.ive
FEndaPH FURTEANE VT GhCRG devidA &5 4 AASPES ekt 2
thbikl, eideyheeiavakhkabheat Rabviysagesytt@chandle, it is
furthernore suggested to arrange control, weighing and
convEQFnghdeVvPeaRoFr 0 tHaRitisat thaanapdiaivgnelr o t hhe
. silo. s Yy, it C b i hatc-wi t h rdy,
S:'Lg%l’heé fél% ngEgFﬁsu]b%(%%ng%s 5%%%@? fonffl%r@pehﬁ)g%gl the
aqdantivty icf shpplbedurionotise bivadeghinti newemgente afs to
the m xi praocess and,m xing performances_a )
mﬁ?FuﬁEWQEgﬁae eEéﬁ?t?ﬁE%E%ﬁ&enﬁgé?ié? RRYuFe Proditedtt
1w FhrthermBtBodughe5PEaPEESEREanbBVEREE AL, | Peighing and
particular a bitum nous concrete or 20 bitum nols .
COBEEVADY, cEWiespondsr te arbrkufhadbusancdstalicyneth with
tﬁgtg&?gl m xture that has been produced pursuant to
e"Stafe of the art at higher tenperatures.

I nt r odueun@atcthe .itaddid ivvessabd thetr wieparaigard to the
wei ghi ng grocess itself requires no change in the

MARPERL SBORTRPAGSt CREROSE tERBY HESproRucT TH Dut pat the
b&%ﬂﬁiﬂéugh%inder, time .sequence of the mixing process
and mixing performances a bitumen-bonded construction

material mixture produced with the method of the present

‘invention, in particular a  bituminocus concrete or

bituminous coatings, corresponds to a Dbituminous

construction material miXture that has been produced
pursuant to the state of the art at higher temperatures.
Introducing the additives and their 'separate

weilghing process itself requires no change in the batch

- mixing times so that the production output remains the
same as that of conventional systems. The same applies

~for the <case that instead of a batch operation a

continuous operation is performed.
By lowering the bituminous mixture temperature by

more than 30°C, lower specific energy requirements are

necessary. The resulting energy savings lead to lower CO;

emissions into the atmosphere and to. reduce pollutant and



10

15

20

25

30

same as that of conventional systens. The sanme applies
for the case that instead of a batch operation a

conti nuous operation is performed. By |owering the

bi t um nous m xture tenperature by 30 nore than 30C

| ower specific energy requi¥®nents are necessary. The
resulting energy savings lead to I ower CO2 em ssions
into the atnosphere and to reduce pollutant and 19

R pereentages, Mgy t QoWRiipheid Br obestiOni ol biFe the
envi ronment takes place. Due to the fact that the
gpveEesgentakaekes adaecst Poretot Ehpefattir ébatathe process
I cti in_the r rt. of_t t
D0l L L BhpbUSLBIEh O DEANEREOR U5, e
wehe bii utheaoparhi ndertitieapparsbesr educamk daghhgved. The
tenperature |l ead to reduce oxidation values and thus

TQVEERBEd OdgithF JFemRREF2BIRUA NS DPREALYREH Pheder due
teoNsalenceqt hed adE?@ﬂSr k@ er@futle biddim noys reduce
fortifications is atfainable. 10 The follow ng figures
opdppsdent wpards cudmd | ythesi t abl euddddce agioar diely t bhe
. present .inventi.on. . Figure 1 represents_a., diagr
o R B S e SR b B0 b s bR T Bteq Lofb8" ke
ofomskr BetuAnBake Foak 1 xbdi6hs FsgHteaZnaBpEESENtS a
second di agram of the 15 producing process of a,
bi t uRBR- bdRIE@WdSEst riUCITeF mERRFTIEN Y x@ur BarFigaterly
sR1kERAESARLS A S . anspgr UgkienFigure 4
S R T Lt
oper @8igngesiat ecp20s&Engsir ea 5 depgesent sfa tbp vpewducing
onto the_silp,. pursuant tq Figure 4; .Figure 6, . .
OFRGPESeRts *a b EBERTTPAG A SRORFRYCLiCR o tgF AL mixture;
wei ghi gdrand coayeykagtsdeviLessebbalr € did@PIRsSenttS athe
top view of the cart pursuant ‘ ‘
producing process of a Dbitumen-bonded construction

material mixture;
Figure 3 represents a silo transported on a truck;

Figure 4 represents the silo according to Figure 3

- in the operating state;

Figure 5 represents a top view onto the - silo
pursuant to Figure 4; '

Figure 6 represents a block diagram showing a cart
with weighing and conveying devices;

_ Figure 7 represents a top view of the cart pursuant
Figure 6;

Figure 8 répresents a block diagram showing a mixer
for producing a bitumen-bonded construction material
mixturé, and |

Figure 9 represents an embodiment of a mixer

{coater).
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25 Figure 6; Figure 8 represents a bl ock diagram

showi ng a m xer for producing a bitunen-bonded
construction material. mxture, and Figure 9

represents an enbodi nment of a m xer 30 (coater). 20
The follow ng figure repreggnts the properties of the

bi t um nous coati ngs obtained by the nethod according

to the invention. Figure 10 represents tenperature
devellopneEntidcaing ©Higwrk sepeesapteneid ngroperwnbssn of

bi tum nous coatings. Figures 1 and 2 are two diagrans
thepPLERRETAGSt ﬁaagw%. ﬁgéaaFEfih@ynﬁH&f Q@Fbpfﬂng‘lcc%rdmg
tPregessnPin@i bt umen- bonded construction materi al

m xture, in particular a bitum nous concrete. Figure
1 reprasent 80 adpatesient® proupetrd onreretdeye lapteRtguren2a
WS ERT EBENL 8,2 SONLINHoUs, . et hods; RUrSHANt Lo e

ghbot ment %Jf r&‘?‘g e 1 aggarega es’  .are |n|t|af3Iy

dri emhdures doumnt0, 2 t hea WAl aedgrimperapresed)ingndhe
subsequent IB/ separated by grain size .15 and stored

1

PropetRt¢ orPf14FheTHad Lk HESEr g r &Facessar el it PddvEea -
o 3 i according: Lo t i umep- bonded
%ﬁ%rﬁﬁ%ﬁeﬁi glrlg{t:ﬁg%g%?s I{h%(tblgjép'r gggced. I'n ltatlwlé :
batweimats ve conbeetggr ediit@sreanlbe fegrasentttse na xebatch
16 directl ter th rum 10 (arrow 18). 20 Then.the
PR G PERGEr AE | PEFOHT odd RO AR itas GPry nhous
netd@ zing (arrow 20) into the mixer 16, in which the
aggregates have a tenperature in the range_of 110 C
to IBrWarryrthethdr €mbasliggditt % hayipgy A hipggregates

"aldeesoif?i]'%%ll% SP}L%Etyi‘Mt%te&P&Eat ¥5¢: SHER A%t dined

particular a zeo
{operation 12) and subsequently separated by grain size

and stored (operation 14). Then, these aggregates are

introduced into a mixer 16 according to the bitumen-

bonded construction material that is to be produced. In
the alternétive,'the aggregates can be fed to the mixer
16 directly after the drum 10 (arrow 18).

Then the bituminous binder is introduced by spraying
or by atomizing (arrow 20) into the mixer 16, in which
the aggregates have a temperature in the range of 110 °C
to 160 °C. |

Furthermoré, an additive having a high desorption

ability with temperature, such as in particular a zeolite,

. which has been removed from a silo 22 using a weighing

device 24, 1s introduce by spraying or atomizing (26)
into the mixer 16 or the additive is metered in together
with a filler such as rock dust (arrows 28, 30). In the

alternative, the additive having a high desorption

~ability with temperature can be stored and transported in

disposable bags commonly known as non-returnable
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whi ch has been renoved froma silo 22 using a wei ghing

- device 24, is introduce by spraying or atom zing . (26)
into the mxer 16 or the additive is netered in
together wth a filler such as rock dust (arrows 28,
30). In the 30 alternativeZlthe additive havi ng a hi gh
desorption ability with tenperature can be stored and
transported in disposabl e bags commonly known as

bagn r etrhenablde tavebags. sdihe bdgs t tye ba gauddiagsteanthe

oured into the , dosing hoppers or it can be poured

8?’?‘8& INPERRES tRE  If x6R1( 222 ) POtRede MEERSlres aPEBw the

m REDippAEN- bonded construction 5 material mxture to
be produced at considerably | ower tenperatures
conp‘&lne@letrmeaswwemll@matherebhbdnen&msd@ercam%/tltmﬁeion

cas nean t he e of_at least 3 be] ow
me bt P el dR e t hat B BERGPEER) 2 pFPrBaCeARPEY atover
t@m@@ﬁiﬂ:uﬁe&atloﬁo@ﬁ)aﬂ@@m 4001 0 66ordfeseronds, dukdtigod.
whi ch the aggregates have been m xed wth the
Cons AP hopsy bf ader, inhEhagdicrisge Mga@sadyr fihg graigey of at
m xgé-1 b m e ul
1é§§t n?ger 6%?%%@/3 §% aﬂ%ﬂgﬁgéﬁ$§%r %é?#ﬁl%ed ééé%%ﬁlly
applie@ aﬁmme-descmnbadﬂdanderatiSnFngrebaushoME tbe 60
rincjiple of a continuous In this c

asi
S‘?‘ﬁ%“@‘? ‘ii‘“i APt Fe Wil%e"f‘gi’ée‘?%ﬁ‘ﬁ }E%V%u%%ﬁ% xe “ith
tﬁ@"ﬁ&k&ﬁlﬁouwiblﬂaéﬁe £RE Madligk ig¥am e, aff 14l in
(coater) 34 into whi ch t he aggregates are 1ntroduced
the BhEENd o arttow Beyumorows yhgtine t he arilded2¢3m the
Q&b ggut 525 addaergd %BSV '}%r”efesfﬂ% <§”>é gd¥n_in the

I'OCG grega OI' exa a yi ng or

'am@vefmemnﬂiweﬁ(mﬁmmeSS) Preferably before that a

flller gar ow 40) as well as an, additive having
hi ght %t ?BHwébﬂlﬁ VaFth PeiperBter et ﬁatc%wuous

mdEEHd. In this case, the drier 10 and the mixer 16 from

to Figure 1 comprise a unit in the form, for example, of
a drier (coater) 34 into which the aggregates are
introduced at one end (arrow 36) for drying in the drier
34. The bitumen 1is added after the necessary drying
procese of the aggregates, for example by spraying or by
atomizing (arrow 38); Preferably before that a filler
(arrow 40) as well as an additive having a high
desorption ability . with temperature thet have been

weighed and remove from a silo (arrow 44) are added,

‘whereby alternatively the additive «can be supplied

together with the filler by means of, for example, a
screw conveyor of the drying drum 34 while the fillexr and
the additive are mixed during addition process. This
joint introduction is indicated by the arrow in broken

lines 46. According to another advantageous alternative

- embodiment, bags of additives can be poured directly into
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25 wei ghed and renove froma silo (arrow 44) are
added., whereby alternatively the additive can be
supplied together with the filler by neans of, for
exanpl e, a screw conveyor gf the drying drum 34 while
the filler and the additi¢é are mixed during addition
process. This 30 joint introduction is indicated by
the arrow in broken |Ilines 46. According to another
thevdntageausmal ternattihdes @pdadiinentis bagdiofted by the
adg%$ives can be poured directly into 22 the drier . -
dQF AT ( FHEY hi’d 'opeldtfdn FeAFARFcatRY RAHE2 G t #dth
baf RN SEs - ALhgErcoathag ¥he 200588808 8oWst Nproduct  is
bi t um nous binder, the final bitum nous product is
inpedid e & yrepavedd (Gamcow 49) from tthe difisr deymm344.
The hod descrihed here is perforned.continyously.
R S e e e s R A e
 procespasdescanded abpyecMpiagneihhebra niexaillGher two
the drier drum34. Figure 8 is the bl ock diagram of a
PERS&TSe 9 plefibsecd ot PoNe piF i Py seeifppBd™IEER L6t &Ei §e
APl &R Sdrunk0324 ;i LLirag gpard Stﬁ‘ég,bﬁé?c}ﬁo&_ibgpézﬁt bROa@mixer
turbulent novenent to the aggregates introduced.
1@boveoshebottbmngarparits 4@yifgied heinhxeptasirgquapped?2,

i th..an, arrangenent, of cts 56 .used for the sprayin
54 ST ndPHeT he! Sni (Ui rcUs BT P CoatiHGLRET
négHaoates vhel egdbehhtuni RAUScBLAEE! BBLRE the milling

turbulently noved by the mlling parts 48, 50. In
PIflererid o Hht evte pers crgh e Mh@n eyéradgesenat of

a cleég tisgel ysbaw ESEFF’{}% u.\rlﬁﬁil@gl dditi ye, nAVh99 &  the

esorption a erature 1's
bitnimioduced, batdent ajeoustyatinghe ther maglyragaeeksi t ehile

by 20 nea s.gi a., conveyer device 58, ich can al.sq.
o R i | AT P Ut B BLoBy L HeRRECHT B KdecHNidr o
pRECLSH SYSh enin (d2Kert ot B BbXer tol p@eten Wik W&ing

additive or separate fromit, a filler such as rock
oRkAticdn altsorpéatively low temperatures, an additive
having a high desorption ability with temperature is
introduced, advantageously in the form of a zeolite, by
means of a conveyer device 58, which can also be a nozzle
configuration or by means of a hatch or access system
{(22') to the mixer. Together with the additive or
separate from it, a filler such as rock dust can also be
introduce. As shown in Figure 1, batch production of a
bitumen-bonded construction material takes place in mixer

16.

Figure 9 is provided to illustrate the continuous

"process according to Figure 2. A mixing element 60, which

likewise assume the form of a forced action mixing

element with downwardly rotating arm 62, extends in the

drying drum 34 largely across its entire length, also in

order to swirl the aggregates that have been fed at the
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i ntroduce. As shown in Figure 1, batch production of a
25 bi tunen-bonded construction material takes place in

m xer 16. Figure 9 is provided to illustrate the
conti nuous process according to Figure 2. A mXxing
el ement 60, which |ikewi se?&ssume the formof a

forced action mxing 30 el enent with downwardly

rotating arm 62, extends in the drying drum 34
Heaarigelivigaefossel dsvamnlg deumengt briaalkso cpeniegdes had dry
swirl, the aggregates that have been fed at the 4 1 23
Wedihi it of  EhetBryinsgedeamy3extiencn %@nrhgswum@ser

ﬂyé/adérédﬁﬂééﬂéyétﬁegbgdnﬁge%§ﬁki.Qﬁf out %?ghts Then

pur pose, ~ the aggregates are heated to

'-tb@O@iImﬁms abhe intredscadebynmﬁﬁwuneﬂfby freadsnof davice

d Q6 t t t f t
O aPnG g Gk eOAE Taely &P ancE Chagl BORRGRD 64. AT

aCO@§§ﬂ&lﬁ<Bé| Y Hleaye dahib MyorddRudntipduet hgBdOoft ihe  the
additive haV|ng a_high desorption ability with
ingppeigtdra | ef déhe | addibbyet dlamlamcé tiheohledepedption

a%‘ﬁﬂ%bn%H%Hﬂfé é%égufﬁ)fg'&gﬂg 18 %Pe£8tpEsaUCglghe

ter “that, bitumnous binder is spraye or atom zée
deisa ranl anmmmzmngsomixpuaglag deliatavély Noar dempbk@atures.

A&gat t he regate wth bjtum nous binder to the
8§s§5’ﬁ?r LLinggsh Aynden pes 15t 3%ed %Ftﬁﬁ?’ﬁba%d via

apl edeeti Aihg %’@V%Siré/y %aﬁeQEEEeWOpq_rnt Jied e d NcOEHekhe
to be able to realize the dosing of the required

agdgrvpte, vikhi bhtiumiadvuanbagdeuskty ither odgeedaay ekhend.
EHGTLYL Y e Drind thea PELEEREnBYE BB T DAL via

ercent by wel
aaggnegateporblﬂanen and flllers asilo. 74 is

prOV|ded the 20 dlnen5|ons of which are. of " such
t hat ptqﬁﬂgq) be able to realize the dosing of the
requlred‘addltlve, which is advantageously introduced at
the quantity of 0.1 to 5 petcent by weight, in particular
0.2 to 0.8 percent by weight, of the mixture of aggregate,
bitumen and  fillers, a siloc 74 is provided,. the
dimensions of which are of ~such that it can be
transported on a truck 76. The silo 74 is equipped with a
support frame 76. Apart ffom filling ports 78, 80 which |
are arranged on the sides of the "silc 74 as well .as
filling and ventilation lines, which are not described in
detail, in order to offer ventilation to the silo 74, it
is also equipped with a vibrator a console with a
vibrator 82 in order to ensure a desired flow behavior of
the additive stored in the silo 74.

In order te realize the correct dosing of the
additive and transport to the mixer 16 or to the drier
drum 34, a cart 88 ﬁith a wheel metgring device 90 is

aligned with the opening 84 of the silo 74. The cell



10

- 15

_ 20

25

30

transported on a truck 76. The silo 74 is equi pped
wWth a support frame 76. Apart fromfilling ports 78,
80 which are arranged on the sides of the -silo 74 as
well as  filling and ventilation lines, which are not
described in 25 detail, in4%tder to of fer ventil ation
to the silo 74, it is also equipped with a vibrator a
console with a vibrator 82 in order to ensure a

wiesilr e tfdrawgberavicer 9of cdheradgithye-$terL£dah NelbEtric
silo 74. In order to realize the correct dosin of

RO 30%addiTiee AWE t mtRd  taddHel va xeks 16ttt teo
t
ehBe i gha SRR BriRbi b RN BBy o

thén'mmwdmﬂésZéhwhmampﬁﬁﬁﬁed@adevnﬁﬁxﬂOfcanﬂmedlng the
.gpt at ed V|a an electric notor 92. Then the netered

V¢e 105 thEd MEFeE 16 &% (3 2 et icBht 3 netnt the

a94erfafiQlary €RAPrL&ssOFiPo dden o oducesdt hen a screw
conpressed air used for feedlng t he additive to the

CRI¥EerVere orat ovhtith diticeer fdkLew 34s pBuldeke toaltther mattae, 16

h d be,pl aced on a screw conveyer, via
O%h??% gkgh¥glﬁ?gm|§4added to the mxer 16 or the

dryi Dedcamt3488 ThertlaeimSBe f ubhhanAer & casatdis Qtatlon
éontrol station 10 98. Threaded spindles 100, 10

Il oW ER@d ﬁ@rl%ﬁﬁﬂ%ﬁe%Jﬁﬁﬂhent(%¥ fdorol Ehfig %%ébé@%tal
aIE@nﬁehkogkneh@XeHFifﬁ thyskiate the present

i nvention w thout |n1?|ng Its scope. Exanple 1:

PhysThal dd loheémocaleprrgpkes i eslofistypeeA tienllp3e$®nt
1gve1r’]1g|&§f1f ?]%EhﬂngflMl%EI?clgl }_Eshas 1 he f0| l O\M ng

chem

, Example l: Physical and chemical properties of type A

zeolite in granule form.

Type A zeolite has the following chemical formula:

 Naiz (Al0p)12(Si0;)1227H,0, wherein the quantity of Na,0 is

18 %, Al,03 is 28 %, Si0, is 33 % and HO is 21 %
The physical and chemical properties of a type A

'zeolite in the granule form are the following:

Average particle size 380 um

"Density , ' 240 g/cm®
Bulk density 550 + 50 g/L
Loss on calcination 20 % '
pH (1 % in water) 11

Example 2: characteristics of =zeoclite in powder and

granule form.
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Nal2 (A102) 12 (Si CR) 1227H20, wherein the quantity of

Na20 is 20 18 9% A1203 is 28 .0, SiQ2 is 33 % and H2O
is 21 % The physical and chem cal properties of a

type A zeolite in the granule formare the foll ow ng:
Average particle size 380 g Density 2.0 g/cnB8 Bulk
~density 550 50 g/L Loss on calcination 20 %pH (1 o
in water) 11 30 Exanple 2: characteristics of zeolite
in peydes and grgaubg formegondabl &pls belLOWGIometric

resents the granul onetric characteristics of a type
chazaekieresthcponter wyie gh abed bité ortmpdrdaml andfdmmule
fﬁgnm‘nati on Zeol i tesPowder Granul e of the adhesive

ver age di anet er 105003 Bul k dry density0. 4750. 624-
(t/nB) Wet density, actual 1.974-2.141 (t/n8) 5 Table 1

Tables 2 and 3 below..show the water | o0ss

measurenents of the [powder and |granul e zeqlGuaasilsefafter
10 anqelolgfn_egfter ell mpatian of épgn@ggesi el it ion
function of tinme and tenperaturle 1n [aboratoryocésshys.
: adhesive
Average diameter 10 500 3
Bulk dry density 0.475 0.624 -
(t/m*)
Wet density, actual 1.974 - 2.141
(t/m’)
Table 1

Tables 2 and 3, below, show the water loss

measurements of the powder and granule zeolites before

‘and / or after elimination of the adheéive as a function

of time and temperature in laboratoiy assays.
Table 2, below, shows the results obtained at
laboratory assay in static mode. Accordingly, ' for a

temperature applied, the loss in mass of each sample was

Observed over time.

: . Granule after
Zeolites Powder elimination of the
, . adhesive
Temperature (°C) 140 160 180 140 160 180
Water loss (%) 13.6 | 17.2 | 21.2 | 14.7 | 17.1 | 18.8
| Holding time approximately 15 approximately 6
hours ' hours

Table 2
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Tabl e 2, below, shows the results obtained at

| aboratory assay in static node. Accordingly, for a

tenperature applied, the loss in mass of each sanple

was 15 observed over tinme. Ganule after

Zeol i t esPowder el i mi nati on @ t he adhesive Tenperature

(C) 140160 180.140160180 ~ Water loss (9% 13.617.2

21.214.717.118.8 1 Hol di ng ti neapproxi nately

15appaoxd med el Yod1 Hpur shosrs Tahl e 226 bl 83ined at

bel ow, shows the results obtained at | aboratory assay
lalhoxjaymmc Aodevyusiing DIgnanih tedser atdiey vabBat i onith

e F o T B Rkt Shel 107 ridt | it o theof the

'adhe3|veadhe3|ve Tenperature (C)140140140 Water | oss

(0@'11 612. 315 5 5 Tahle 3 xampl.e. .3 Comparative,
work site 10 We conducted a conéﬁ@%@l@e stiudy of BBSG
0/ 10 coating manufacture w th a@sfosia hout| Geoluylee after
The o boses Powder elimination |. elimination
of the of the
adhesive adhesive
Temperature ({°C) 140 140 140
Water loss (%) 11.6 12.3 15.5
Table 3

- Example 3: Comparative work site

We copducted a éomparative study of BBSG 0/10
ccating manufacture with and without zeolite. The purpose
of this study was to evaluate the role of zeolite in
granule form on handling of so-called "hot" coatings and
to quantify the savings made in energy ‘heating the
granule. '

' The use of these BBSG (/10 5 cm thick coafings made
of 35/50 bitumen in a bonding layer was also the object
of a study using temperatures and compacting mode.

A core bore on the work site was provided for

. determining the actual compactness and the modulus of the

coating.

Working Method

Manufacturing Plans:

With and without zeolite: 140 t/h done under the
same conditions.

The following assays were done:
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of this study was to evaluate the role of zeolite in
granul e formon handling of so-called "hot" coatings
and to quantify the savings nade in energy heating

the 15 granule. The use of these BBSG 0/10 5 cmthick
coatings made of 35/50 bitdfhen in a bonding |ayer was
al so the object of a study using tenperatures and
conpacting node. A core bore on the work site was
provieded £0k21201 dekeryi niNehddte atidialteCorpac Nessating
and the nodul us of the coating. Wrking Method
tRERGraétGei A§ P7AnsC 25. Wth and without zeolite: 140
t/h gdone t he co t|o e faollaow n
assays me?ggg%nea %ﬁg& EgiéBSé %1ﬁh%ut %eolltg%%tlng
teapgtragurtenpengoure of 170 C Trial 2: BBSG with
zeolite at a coatingBS tenperature of 140 C Tri al

BBSG'wi t hbtitaZ2eoti t EBEF ditlehithg zacdifer attir eaofcqa'zromg

+SnoS-apul: yhpg procedure: Trial 1: 180 C 10 Tri al
2. P150 € ngﬁaF g: ?50 C Coating m xing procedure: To

be adjusted in order to obtain the coating 15

tenp ra&ures shown hel ow. Tenperature of the 35/50
~EEB#§§H——¥$§§€£E£§9§££?ng with zeolites: add 20

secofndszil ntrodagte©n of the bltunen

Trial 2: 150 °C
Trial 3: 150 °C

Coating mixing procedure:

To be adjusted in order to obtain the coating
temperatures shown below:

Temperature of the 35/50 bitumen: 165 °C

Dry mixing Qith zeolites: 7 add 20 seconds

introduction of the bitumen

Mixing: 15 seconds

Coating temperature without zeolites: 170 °C

Temperaturé with zeolites for the last 50 tons:
140 °C |

Measurements for vapors and emitted aerosols at the

time of implementation were done by equipping the 2

application workers, the paver table, the paver operator

and the éompactor operator with sensors.

Situation of the experimental work site

In the month of October, mild weather with

occasional rain and wind.

Formulation of the 0/10 BBSG
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M xi ng: 15 seconds 20 Coating tenperature w thout
zeolites: 170 C Tenperature with zeolites for the

| ast 50 tons: 140 C Measurenents for vapors and _
emtted aerosols at the tine of inplenentation were
done by equi pping the 2 2§8appl i cati on workers, the
paver table, the paver operator and the conpactor
operator with sensors. Situation of the experinental
wor KTK¢ t €othiio & hiei st the ©f e OC4 B e i vém | Th weailhers Wddl ow:
30 occasional rain and wi nd. Fornulation of the 0/10
BBSG 28 The conpositions tested are given in TabI e 4,

BBSG
ze@biﬂpesiﬁi{l@scr u< @@@GBEJ.J'EIP/&ECﬂi%eNoubI \e%%\é% %U&ho

Inihl. o094 /I_ CE: I\Il:')/l 0/,Q/I 0,\

21 N 1 1
GZ} /r'ﬁﬁ%d[st one] filler 55 F4.5 % Zeol i-te g?'a%u‘l e0. 3
Rleaw co pitunens 6 ppcS 6 _ppc Ri chhess

%dﬁFﬁ%@?@QB. 59 T$bl e 4 5 Xadkaging of the zedli%e The
Nowpleae was sacked at a rate of 8 ka/sack in

0/4 SEINE 34 5 34 %

0/2 CCB 10 % 10 %

Lime{stone] filler 1.5 % 1.5 %

Zeolite granule 0.3 ppc ' -

35/50 bitumen 5.6 ppc 5.6 ppc

Richness modulus 3.58 3.59
Table 4

Packaging of the zeolite

The =zeolite was sacked at a rate of 8 kg/sack in
order to respect the dosing of 0.3 % for 2.5 tons of

coating per batch.

'Recording of temperatures at the plant

The plant uses is a discontinuous charging coating
station. _

A listing of the edited-study at the plant made it
p0551ble to collect the temperatures by coating type and
by batch.

Evaluation of gas consumption

An economic statement based on the lowering of the
coating temperature of the coatings with zeolite (170 to
140 °C) and the gas consumption study was calculated: the

results are given in Table 5, below:
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order to respect the dosing of 0.3 %for 2.5 tons of
coating per batch. 10 Recording of tenperatures at the
pl ant The plant uses is a discontinuous charging
coating station. Alisting of the edited study at the
pl ant nade it 15 possible.t®%collect the tenperatures
by coating type and by batch. Eval uation of gas
consunption An econom c statenent based on the

TOWeri ngj of the 0 coating|tenpggatuye of the

coati ngs| witly zeol i CoatLry t )| aRUtPhE das Ly
consunptj on stu y mé@mmameulg¥%.§§¥ﬁ% mégubns |are K

AT I =YW

gtyen—ih-Tabl-e—5—betow—29rCoatiHgGasutpit:
, .
0788/}t eThana 8Cbnsunp?%@?torva A% "0/ honge33 45485 ob%g

98A00ves 1687948 7305 TA% 51 Poddd = b1 Aa’BW doat e

ton The kWprice paid by the power station is 0.0152
euros. 5 This gain is caICL%%Hf?jgn: (69-55) x 0.0152

= 0.21 euros (or 1.4 FF/ton enperatures of the 0/10
PBBSG wi fLh.aAdkWw/thattingeobintes at the work site 10

The_ readings of coati tenperatures were, d AN S {
ThPr | aPréth ﬁ@lﬁogk’ §Ft%ep€§lf°~€e?t35b?’6x’rﬁa? e@g% o= -
Thist Gansi §y calkniteeqprayer (Boppsy R bNoihe Payer1 euros

screw f eeder -
for 1.4 FF/ton)

Temperatures of the 0/10 BBSG with and without zeolites

at the work site

The readings of coating temperatures were done:

= On arrival at the work site (after
approximately 1 hour in transit)

* In the paver hopper

* In the paver screw feeder

* At the level of the paver table.

These are shown in Figure 10.

Product controls: Core boring of the coatings at the work
site '

The overlap between the core bore zone and the

'_installation field of each truck relative to a specific

production made it possible to obtain results -~ shown in
Table 8, below - relating to the compactness of the zones
'with' and 'withouﬁ' zeolite. The compacting method uses
is immediate compacting. In order to be able to compare.
the results to each other, the values of the measuied
voids were then set to values for a coating thickneés of

5 cm. The results are collected in Table 6, below.
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15 ~ At the level of the paver table. These are shown
in Figure 10. Product controls: Core boring of the
coatings at the work site 20 The overl ap between the
core bore zone and the installation field of each
truck relative to a specifid® production made it
possible to obtain results - shown in Table 8, bel ow
- relating to the conpactness of the zones 'with' and
"W thout' zeolite. The conpacting nethod uses 25 is

i medi ate conpacting. In order to be able to conpare

the results to each other, the VaneBafet he measur ed
vBadsfaeterihgn set to val ues for a ¢oatbhgst hickness
of paramtele resuld s(ae ¢aldiect@d i rFohaly e, RBhaMis
30 Core Bores Manufacturingvoids Paranetesst (¢mvoid

7FF0 bautr s~ (o) 7 C W thout zeolTte, Trra
iigligg Tﬁ{ﬁloﬂo 1406CIwi th ze6lite, [Tri@l0o | 11,000

140

p .out 1z, 4007140 C-wthout LCUI =€, Friad -
g E § 480 Tabkeg6 It cah.Be seen that the 12,400
ZERLE ﬁinraal

he-zeolite in granile formmakes it |
16855FbWétP8uBbtaln | gwer voi d gigdi cgs apdoa hilghgr 400
THhféh3t tanslates into betteér handling. 10
Concl usi on Manufacture of the 0/10 BBSG based on
zeolite did not present aQ%bﬁ%r%icular probl em The

- gas savi ngs due

It can be seen that the introduction of the zeolite
in granule form makes it possible to obtain lower void
indices and a higher modulus, which translates into

better handling.

Conclusion _

Manufacture of the 0/10 BBSG based on zeolite did
not present any particular problem. The gas savings due
to the reduction in heating of the aggregates (170 to
140 °C) méde it possibleﬂto realizé a gain of the order
of 0.21 euros per ton of coating.

Using identical compacting, the 0/10 BBSG with
zeolite, coated at 140 °C, has an average void percentage
of 5.3 %, lower than that of the reference 0/10 BBSG,
which is 6.7 % coated at 170 °C without zeolite. These
results confirm that the reduction of coating temperature
in the presence of zeolite in granule form does not
prejudice handling, guite the contrary:; whereas,'the

coating temperature reduction without zeolite results in

. bituminous coatings that dre more difficult to compact.
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to the reduction in heating of the aggregates (170 to
140 C) made it possible to realize a gain of the order
15 of 0.21 euros per ton of coating. Using identical
conmpacting, the 0/10 BBSGwith zeolite, coated at 140
C, has an average void peréédntage of 5.3 % | ower
than that of the reference 0/10 BBSG which is 6.7 %
coated at 170 C without zeolite. These 20 results
confiphpkbatotde Lehctd om of i £Qat 1010 tapPRIBdH &f i N
t he presence of zeolite in granule form does not
terpp gdteeehantdnagtheuiever sheo Eore arga L iikes ealss atpears
t] t eduction. W thout zeolite results
i Rt S ol R of R ol PR O
teappasturdlwkil & hehsoceat Bhd ercafbhysistadt the the truck.
evolution of tenperatures along the course of the
coatings, it appears that the zeolite makes it

ERSRS1E! £: R JBI R (1€ 2 iheIMGIANIS WRIIL lRased by

tiveasutenens af tieborad mg’stmrisiwzél‘e@sleobmﬁs'-t he
bi t ns, at the road c tructi rk sites. At the
bor BT EhE y  BE 08 SPRdEte Y AL Abndt

eMAPOL Sn¥ek £d NRASHF £0uwd Fe tiCa v £6di 1y ©fie IPidheity of

Apaver operator (P) “conpactor operator(C) ~paver
thaple, left(LS)and right(RS) The results are collected

in Tab 7, I Th measurenents were made by an
[ ndepellﬁ)%gr?tr %@F%\gﬁoro?%Zni zation. 170 C without140 C

Wi t e Zeohiphae tzeobiptkeaferogal sAer osol s

» paver table, left (LS} and right (RS)
The results are collected in Table 7, below. These

measurements were made by an independent German

organization.
170 "C wlthout 140 °C with zeolite
zeolite
- Aerosols Airgzgii Rerosols Airzzgii
3 , 3 '
| - (mg/m”) (mg/m’) (mg/m”) (mg/m%)
Paver < 0.8 0.8 to |} < 0.36 0.50 to
: 1.2 1.0
Table left < 0.8 0.9 to < 0.306 0.36 to
‘ 2.7 0.6
Table right - < 0.8 < 0.8 < 0.36 0.36 to
. 0.5
Compactor < 0.8 1.7 < 0.36 1.0

Table 7




AerosoIsAerosoIs (mg/ nB8) + vapor (ng/ nB)+ vapor 33
(my/m) )(ny/ m Paver< 0.80.8 to< 0.360.50 to 1.21.0
Table left< 0.80.9 to< 0.360.36 to 2.70.6 Table right<
0.8< 0.8< 0.360.36 to 0.5 Conpactor< 0.81.7< 0.361.0
20 Table 7 32 It was found3?n all of the cases that
em ssions into the atnosphere are reduced when the.
coating tenperature is reduced. 33 CLAIMS 1. A
nethod 95 PEERATiNG A MBXtaHe fQdisgdn é%ﬁ%%tﬂolﬁ%t ioRo -
conprising a bitum nous binder, in particular a -
thet afiiaenbetonaret eednci twingmouse coat i hys Temperature
lgh%rgﬁggrlzed in that it conprises the follow ng

a) drying in a mxing mll (coater) device
aggregates at a tenperature Tl of between 110- and 160
C then; b) coating of said aggregates, which are at
tenperature T1, by injection into the mxing mll
(coater)
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10 device of a. heated bitum nous binder at a
tenperature T2 of between 140 and 190 C, and in that
prior to and / or during the injection of the
bi tum nous bi nder, an additjyve having hi gh desorption
capacity with tenperature i** the form of granules is
15 introduced into the mxing mll device, said
additive .conprising fine particles of said additive
aggregated by neans of &iBiInder, said fine particles
havi ng an average di aneter of between 2 pmand 4 m 2.
The met hod according to CQaim1, characterized in 20
thatithe e/t dhe TRrofaheadi ng afixthecbi Fypinous 5,
bi nder is' higher, advantageously by approxi mately 30
caustiugniathe drSAmg. iarper at ur diftumigfoushe driaaigres. in
: t hod. ing to any one of. Clains 1 or 2,
P R LA PR RGPk PRYa 28 OrePhindha: ce o
chiamacgeudiest chae tda tavier agendiiame eheoffobabwean Qrdpam
and .1 mm, 34 4. The nethod according to any one oP
t he 2AbSFE1NG &ils, acharadngr i Féd 1 n (Geaterhe femdce of
acRakliz¢kes 1ave a.s ific. surfage ' 2en. 00 .and
oG ot 5. i aseaial ot ety Y G d el
thegast 5 15,000 cn2/g. 5. The method according to any
one of the above clains, characterized in that the
matsg ?8Q£$nt of the additive is 5 to 30 % by weight,
in partfrcu
tempéahtuekbgt, obythejeddibhventdOthe ADQIABLROM (coater)
accordi_ng to any one of the above clains,
de¥hafabferi aptiad thdtuminowridbinger uat | pzédmpsrature T,

Ofn@égﬁgénapgolaﬁa $yptbgtic zeolite or its initia
amor phous™ synt hesi's phaSe.

amd in that..prior to and / or during the injection of
the bituminous binder, an additive having high desorption
capacity with temperature in the form of granules is

introduced into the mixing mill device, said additive

.comprising fine particles of said additive aggregated by

means of a binder, said fine particles having an average

diameter of between 2 um and 4 pm.

2. The method'aCCording to Claim 1, characterized in
that‘ the temperature T, of heating of the bituminous
binder is higher, advantageously by approximately 30 °C,

than the drying temperature T, of the granules.

3. The method according to any one of Claims 1 or 2,
characterized in that the granules of the additive
introduced have an average diameter of betweén 0.2 mm and

1 mm.

ar 1510 3816 RPWTGHS 1 el HPFGR t G Hhe at
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7. The method according to Claim7, characterized in

15 that the zeolite used is a fibrous zeolite, a

| anel lar zeolite and / or a cubic zeolite. .. 8. The
nmet hod according to any one of Clains 7 or 8, ‘
characterized in' that the zeolite used belongs to the
group conprised of the faujasites, chabasites, 20
phillipsites, cIinoptiIoIites and / or the -
paul i;ngi e_nmeth according to any

d ai 1% ¢B§ ‘%Fthm¥a9589§ ﬁ?@d h AR ORe i’olFP@ above
cltiihszethayaztleypech, i thatNghé @inY PURERGLEE have a

zeolite. 10. The method according to any one of the
SBBGYELC2550FERAR, Charkrtwadzed 090 handat 26800 nembly,

aggga{ggggggy ted in %ggg%?P?ratgﬁyf gge ﬂg e q{Lgﬁ_es

rel ease . han 7 hei T ess

1hplE8 QMlég t enper at ure of betmeen_140 and 180 C. 35
11. The method according to any one of the above
cla| chara erjzed in that the additive is

|ntroddgga OpheaﬁFQFﬂtP?hlqo af"¥ % 6f ofhetgbwve

cBétmsMﬁbﬁhkactbﬂlﬁéﬁﬂﬁﬁﬂEﬁa{rQHbow%ﬂé%(%d%téﬁw of the
ght relative to the 5 total weight of the m xture.

adei Ui het oto adcr dhngreipldny on@aft i abdie to 25 3
ed in that .the flller
b}pd‘géit%n | nj?ac%g{me $ g % La§ o © uF%ﬁgafjﬁétlve‘

injection of the bitum nous blnder. 10 13. The net hod

accdrdithg t pe€hadmdd;oxharcterized one that ghe above
fillers are |ntroduced at the same tinme as the

CIAdH S e maE t e Stbt Hb ot hate o e ngde bt by ai wiabiged 185 a
nadfaiact eshded én thahehbeiEil LaLs jake fdf“e e Ok dH$t$ay

15 15. The nethod according to any one of e above
amrghyesls @W@ﬁ@@@eﬁlpédsen that the binder used is a
7. The method according to Claim 7, characterized in
that the zeolite used is a fibrous zeolite, a_laméilar

zeolite and / or a cubic zeolite.

8. The method according to any one of Claims 7 or 8,
characterized in that the zeolite used belongs to the
group comprised of the faujasites, chabasites,

7phillipsites, clinoptilolites and / or the paulingites.

9. The method according to any one of Claims 7 to 9,

characterized in that the zeolite utilized is a type A, P,

. X and / or Y synthetic zeolite.

10. The method according to any one of the above
claims, characterized in that at the time of trials
conducted in the laboratory, the fine particles release
more than 70 % of their water in less than 6 hours at a

temperature of between 140 and 180 °C.
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bi tumen, a special bitunmen, a nodified bitunen, a

pol ymer nodified bitunen or m xtures thereof. 16. A .

m xture for use in construction conprising a 20

bitum nous binder, in particular a bitum nous conecrete
or bitum nous coatings, capable of being obtained by
the nethod according to any one of the above clains,
characterized in that at the tinme of its

i mpl BVENtIRd | @Bt hobihes €7 58100S tof @aef 0saks & ethessabove
: than 0.5 no/n8, 25 advantageously lower than 0.36

heiwe: ehareskenizas aadrcbuave tie tasisliftdrie dfs alntroduced

n t t y cording to.a one. af

li%fgl {r#;}é ﬁlg&[llf Hﬁfl&r I[‘ljg:on r o‘?ﬁ ng%t %eqt en‘pegr)at ure Woefl(:'l%t’

1m hleamxctlmlaer ciwgn i 81 hgto agys egatesvaintht he it rRAUhe
f while said mxture 36 remains intact, in

t?ﬁﬁ i et thﬁ thi MRy the tenperature of the

m xture at approxinately the coating tenperature
- obt aiznedrral hbensAd LicHBRP) toVihy d8e Yt a@he above

additive in the formof a 5 granulate as defi ned
Ckﬁ&ﬁﬁmﬂ@ﬁfﬁ&?ﬁﬁﬁﬁ&ﬂﬁakﬁ tladi el fid ek fagre dugreittiitrign

. n1xture f constructi
1’conpr|3|n3) aébltumah%%s b?ﬁdg?rlP% gB%rﬁPéﬁFgFoﬁ of the
bikdimoeu$ ie@eaer.et e or bitum nous coatings, in
particular under atnospheric conditions of I0
the difficult mxture for use in

I ti
Lgﬁéf’?ﬁgblﬁg%eﬁhﬁdpém%ﬁﬂw ato afb bt 1 ensbrgagitesised
inb WRe éﬁ? %ﬁ%i é%k i
o 'ntﬁea@gligrgl* in er,&éﬂe ahgﬁtﬁggpan F%v%nt%aﬁsr

conprising a mxi
thig laddisivehar acterized in that additive is stored in a

silo (74, 22), tha e outlet (84) of the silo is
connget aele 1 ety @l N9 ASYI 88§ 24 THAShE PYII oy

connect e

‘characterlzed in that the fillers are fine rock dusts

15. The method according to any one of the above
Claims, characterized in that the binder used is a
bitumen, a special bitumen, a modified bitumen, a polymer’

modified bitumen or mixtures thereof.

16. A mixture for use in construction comprising a
bituminous binder, in particular a bituminous concrete or
bituminous coétings, capable of being -obtained by the
method according to any one of the abévé claims,

characterized in that at the time of its implementation,

‘the emissions of aerosols are less than 0.5 mg/m’,

advantageously lower than 0.36 mg/m°.

17. Use of an additive in the form of a granulate of

the type defined according to any one of Claims 1 to 11,

for controlling the temperature of the mixture comprising

aggregates and the bituminous binder while said mixture
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20 20. The device according to Caim19, characterized
in that the transport neans is identical to the device
conveying the fillers to the mxing mll device (16,
34). 21. The device according to any one of Clains 19
and 25 20, characterized 3& that the transport neans
is a pneunatic conveyor that feeds the injection
device (58, 68) present in the nixing niII devi ce
reﬁ%@ns34hnE§%tThe geVF%%tﬁgﬁgﬁ I NG ﬁqn
claims 19 to chafacterized int at t € Si ?s
te@@@mghedeasﬂh'ﬁmaeM13Eune mdeppnﬂﬁﬂmaﬁaiynmmecubatlng
" t he SE|O'iS gine i one pl guch a fasggon-as to be
“TRPFAEHTBnCR P RER EY6) e2§n dBFPcR’ according to

any one Qfg Ll ains 19 to 22, characterized in that the

addi 81 vier LANz BELbAANSPOLLeda G byi F@ANS, OER8 form of a

6§%daéoﬂﬁ§ﬂﬂ@§wﬁ@p0ﬁﬁén@'§9e@ﬂM'OEBLOﬂTQﬁkaSCb to

din a 9 .
chfa(?%ct erl ze 3 ?{ryt %%?‘ ?nt ?gf %t a J‘lxotn %98)f,ora use in
comet ghitngoevi cemanils ngrr ansporibi thewi teus 96)batder, in

- di sposed 10 qon a.rolling chassis (88) that can be
Papti of PREVBLPRUS ERRCTete Tfe Rttt PR I

;nanypgeglehlgkw'“hﬁébﬂo gémoggﬁéffﬁer'%%%dh%lbﬁ%t t e

transport neans (96) conprises a rotary conpressor
imgbgyenti ity an tipst re@lﬁfﬂ@kupplmd,xttm (9%)r ~~ase  in

~cng\. n° X,
coégffﬁé%lon, 1h partlc&fgr' at aﬁhlent temperatures of

between 5 and 10 °cC.

artnmental dispenser (90) and a wei ghing "device
grangg

=

49 A deospi-ce for realiding' the—methed u.‘l..—

any one of Claims 1 to 15, comprising a mixipsg
device -fqr' mixing of the aggregates; € bituminous
binder, the additive  and eventual fillers,
characterized in that
(74, 22y,

pefghing device (24), itself being connected to the

additive is stored in a silo

e outlet (84) of the silo is connected

20. The device according to Claim 19, characterized

in that the transport means is identical to the device

'conveying the fillers to the mixing mill device (16, 34).

21. The device according to any one.of Claims 19 and

20, characterized 'in that the transport means is a

pneumatic conveyor that feeds the injection device (58,

68) present in the mixing mill device (16, 34).

22. The device according to any one of claims 19 to

21, characterized in that the silo is designed as a fixed

mill o

e

pogt 3+
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or mobile unit, in particular the silo is dimensioned in

such a fashion as to be carried on a truck (76).

23. The device according to any one of Claims 19 to
22, characterized in that the additive can be transported
5 by means of a compartmental'dispenser (90) and a weighing

device disposed downstream of the dispenser.

24. The device according to any one of Claims 19 fo

23; characterized in that a control station (98), a
weighing device and a transport device (96) are disposed

10 on a rblling chassis (88) that can be aligned on the silo

{(74) .

25. The device according to any one of Claims 19 to
24, characterized in that the transport means (96)
cémprises a rotary compressor (96) with an upétream

15 supply tank (94).
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