METHOD FOR PRODUCTI ON OF GRANULATED POLYMER - ASPHALT BI NDER AND SULFUR
CONCRETE W TH PARTI Cl PATI ON OF SULFUR POLYMER OBTAI NED | N WASTE SULFUR
SOLVENT -WBCRNRER3DI FI CATI ON The obj ect of the inventi oRCIr@L2Me/nEIhOd Of
production of granul ated pol yner-asphalt binder and sul fur concrete with
participation of sulfur polynmer obtained in solvent-borne nodification of
waste sul fur according to the Patent Application P- 389668 presented in
Fig. 1 and their application in construction and repairs of road surfaces
presented in the Fig. to Fig. 13. The sulfur polyner obtained by this
method is applied in two directions. The first direction is that after
mxing with mneral fillers the so-called sulfur concrete is obtained.
Sul fur concrete is a material simlar to traditional concrete but of
functional properties nuch better than traditional concrete, such as:
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road binder is thus obtained. Thus obtained granul ated road binder, after
mxing it wwth mneral materials used in highway engi neering, creates road
surfaces of properties nuch better than surfaces on traditional road
asphalts. It concerns properties such as: higher fatigue |life, higher
flexibility, no deformations at higher tenperatures, possibility to use

wor se m neral aggregates, |onger operation tine, reduction of the anmount of
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Waste phosphogypsum contained in the binder contains aluminium oxides, iron(il)
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so far applled methods. 2-ethylhexyl alcohol is a sulfur modification solvent of the
following properties: it has high boiling point of 184.8°C , creates with water
azeotrope composed of 20% by weight of 2-ethylhexyl alcohol and 80% by weight
of water of boiling point of 99.1°C; it is significant when separating remains of the
solvent from the sulfur polymer with the use of water vapour, which together with
alcohol creates azeotrope, while the polymer insoluble in water remains at the
bottom of the evaporator.

Used 2-ethylhexyl alcohol is relatively safe in operations and, due to its high
boiling point, is not very volatile. It is classified into “low-toxic compounds”.
Unsaturated aldehyde 2-ethyl-3-propylacrolein, which is very well soluble in the
above mentioned alcohol already at the room temperature, is a sulfur modifier. It
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temperature modification of the waste sulfur with the modifier occurs, as a result of
which highly-molecular compounds forming sulfur polymer, which fall out of the
solution to the bottom of the mixer, are formed. After 10 - 15 minutes the agitator
in the mixer is turned off for good decantation of sulfur polymer from the solution.
The contaminated sulfur polymer is collected from the bottom of the mixer by a
pump and batched to the evaporator. In the evaporator the sulfur polymer is kept
in a liquid state at the temperature of ca. 125°C and the pressure of ca. 2.5 atm;

Jlive” steam is batched into it in order to vaporize in the form of azeotrope both the
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remains of the solvent and the modifier, vapours of which, upon leaving the
evaporator, are condensed and directed to the separator. In the separator, the
bottom layer, i.e. water, is separated from the top layer, i.e. the solvent and the
modifier. The bottom layer is directed to the steam generator in order to re-convert
it into water vapour, while the top layer is recycled to the mixer to be used in the
next cycle of modification. After removing the sulfur polymer from the mixer, new
weighed portions of the waste sulfur are batched into it upon prior supplementing
the loss of modifier in the mixer on the basis of analysis of the contents of double
bonds and aldehydes in the mixture and the next cycle of sulfur polymer forming
begins. The sulfur polymer, purified of the solvent and the modifier, is collected in
a liquid form from the botiom of the evaporator by the pump and directed to sulfur
concrete production. Sulfur concrete obtained from the sulfur polymer and mineral
fillers possesses better properties than concrete on Portland cement and so:
compression resistance 55-80 MPa, breaking resistance approx. 8 MPa and low
water absorbability of ca. 0.02%. Cast stones in which Portland cement has been
used so far, i.e. kerbs, concrete rings, sewage pipes, drainage troughs, seawalls,
paving blocks, road bases, can be made from it. The sulfur polymer is also
directed to the production of granulated road binder, which is made after mixing of
the sulfur polymer in the amount of 30-50% by weight with road asphalt in the
amount of 10-20% by weight and waste phosphogypsum in the amount of 40-60%
by weight, and then formed into granules coated with silicone.

Granulated road binder mixed with mineral material is used for production of
pavements of increased functional properties such as: temperature of surface
softening according to "Ring and Sphere” method > 100°C, rigid layers resistant to
rutting since their stability according to Marshall is ca. 75% higher than of
traditional conventional mixes. Granulated road binder reduces asphalt
consumption by ca. 20% and reduces mineral materials consumption by ca. 25%,
in comparison to conventional road mixes owing to high durability and mechanical
strength of a road made on the basis of this binder.

The sulfur polymer can be directed to the machine called a “flaker”, where it
assumes the form of small solid flakes packed into bags of different sizes with the
possibility of later use by various customers.

Unexpected properties of such a big improvement of sulfur concrete properties
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- 2-ethylhexyl alcohol solvent 55
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Produced in the following way: weighed amounts of the solvent and the modifier
are batched into a vertical mixer heated indirectly, equipped with a heating jacket —
Figure No 1.

The solvent and the modifier are heated to the temperature of 120-135°C at
constant mixing with the rotational speed of approx. 30 rpm. At this temperature
weighed amounts of waste sulfur are added to the mix of the solvent and the
modifier; the waste sulphur dissolves completely in the solvent and decomposes
into chain fragments which undergo the reaction of copolymerisation with the
modifier particles. Particles of sulfur polymer of highly-molecular compound
properties which “fall out” of the solvent, are created.

After about 10 minutes the agitator of the mixer is stopped for better decantation of
the sulfur polymer at its bottom. The liquid sulfur polymer is pumped from the
bottom of the mixer by a pump to the evaporator where at the temperature of ca.
125°C and at the pressure of 2.5 atm remains of the solvent and the modifier are
evaporated with the use of “live” steam in the form of azeotropic distillation with

water. Vapours of the solvent, the modifier and water are after condensation



40 - 2-ethyl-3-propylacrolein nodifier 15 - 2-ethyl hexyl al cohol solvent 45
100 The nethod of production as in Exanple 1; the difference is that
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bags or other packages; - i ] ]
the mixer. The liquid suifur polymer purified with the use of “live” steam is collected

from the bottom of the evaporator with the pump and is directed to processing into
sulfur concrete or granulated road binder or to the flaker for crushing and storing in

packages for later use.

Example Il

Sulfur polymer obtained in composition of % by weight

- waste sulfur 40

- 2-ethyl-3-propylacrolein modifier 15

- 2-ethylhexyl alcohol solvent 45
100

The method of production as in Example [; the difference is that modification time

is extended to 15 minutes due to larger amount of modified sulfur.

Granulated polymer-asphalt binder and sulfur concrete produced in this way
possess unexpected new functional properties that have not occurred so far in
materials for pavement construction and so the granulated polymer-asphalt binder
has got:

- a shape of non-stick granules coated with silicone emulsion, which can be thus
transported and stored in bags or other packages;

- it liquefies hot in the mixture factory during mixing with hot mineral materials or
spontaneously when heated to the temperature of ca. 110°C;

- it surpasses with its functional properties asphaltic concretes if it comes to
stability as time goes on, lower sensitivity to temperature changes, lower influence
of the change of load;

- used as a binder course it retains very good mechanical strength, good elasticity
at high vehicular traffic and good protection of the road foundation of sulfur
concrete through vibration absorption;

- as a binder course in a road surface it binds well the wearing course with its

foundation of sulfur concrete on the principle of thermal gluing of these courses;
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- water absorbability of merely 0.02%;
- frost resistance;
- short time of setting of the foundation made, of approx. 2 hours from its pouring,
that after this time allows to further apply the binder course of polymer-asphalt
binder and then wearing course of the road surface;
- possibility of complete repeated use of sulfur concrete;
- low emission of carbon dioxide at production of sulfur concrete in comparison

with cement production.

Summing up, good unexpected functional properties of the above mentioned road
materials, that is, granulated polymer-asphalt binder and sulfur concrete, which
fundamentally influence changes in construction of road surfaces in KR1, KR2,
KR3, KR4, KR5, KR6 categories contributing to considerable improvement of their
functional properties as well as reduction of construction costs, are due to high
quality of the sulfur polymer obtained in modification of waste sulfur with
2-ethyl-3-propylacrolein modifier in 2-ethylhexyl alcohol solvent according to
P-389668 Application.

Fig. 2 to Fig. 5 illustrate the properties of mixes with sulfur polymer obtained
according P-389668 Application.

Fig. 2 — illustrates relation of stability according to Marshall vs. the ratio of sulfur
polymer mass to asphalt. It is clearly evident that stability according to Marshall

increases with the content of sulfur polymer.

Fig. 3 — compares stability of traditional mixes with mixes with sulfur polymer,
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il lustrates relation of stability according to Marshall vs. the ratio of

sul fur polyner mass to asphalt. Is clearly evident that stability

gg(ﬁ; 8%?@ A 91% CT%%HS? O%W?tov‘”tﬁ& 5GP EreBha 06 SHirbMpoRMerRiix in 'O

comparison to traditional mix at the temperature of 30°C. Lower influence of
changes in the load intensity on the sulfur polymer mix in comparison to traditional

mix can be clearly seen.

There are known methods of modification of road asphalts as road binder through

addition of modifiers.

Patent Number 1993982 demonstrates that paraffin from Fischer-Tropsch

Synthesis is added to asphait by mixing.

Patent Number 157543 demonstrates that bituminous road binder is obtained from

road asphalt by adding to it plasticised coal-tar pitch.

Patent Number 191553 demonstrates production of road asphalts used as road
binder of low thermal sensitivity through composing different asphalts of different

physicochemical properties.

However, unexpected functional properties of the produced granulated
polymer-asphalt binder from which both, a wearing course, after additional
melting-in of grit of appropriate granulation, and a binder course of road surfaces
can be produced, cause significant improvement of road surface quality,
increasing the time of their utilization, and reduce consumption of materials for
road construction that makes them different from the existing solutions.



8 where higher stability according to Marshall can be clearly seen in m xes
with sul fur polynmer in conparison to a traditional mx after |onger tine.
Fig. 4 - wonparm®ss4pi gi dity of m xes from sul fur pol ynmer PairPn2eti09ddins y of
traditional m xes at a specified tenperature. It is clearly evident that
the rigidity of mxes fromsulfur polynmer is |l ess sensitive to tenperature

changes+i.n_c LSO t | tional_ 1m Fi:g - re hd LVIity
Co the GHPs PR Sb0 Buda; FEfiddsr SF srihiliffon BrPsuity sGRTERS Teh bt ond
m x at pbgniegnpbtaied ehajughl@notiremadiffcationcef afastdasgpisun. UShPatemdsl
intensity on the sul fur polymer mx in conparison to traditional mx can be

cl egr Iby T 408690qrd NEASedS dgmapetratecutius binder vihgresiivalie s as
road bi H%%ﬁfléc{]ﬁﬁ;ﬁ%eﬁﬁiﬁI?)}rcl)‘?gcé)rt)oﬁlg.s%%@{ éﬁh&?@fﬁe t%%ﬁ the of the

denonstrates para rom opsc SIs Is added to
asphal t abgvermentipnelalt)Snpatsintshhas 1dveriGomipressian atreagthh dtenklirigusirangih, r oad

bi nd ' bt ai ned d hal t,, by addi to i.t plasticised | -t
oi tch.  bERAG FRbH 101588 aRN Io RELRIGRASEIC PPBHOBY VR o AMPPLT Lse
as road pBIyH?Lﬁ‘Fac%rdiﬁ?Vté % Patert Applitatidr P-3dUaBeaiaspeeasag, di fferent

asphalts of differenl physicochem cal properties. However, unexpected
functional properties of the produced granul ated pol yner-asphalt binder

f rom whi t | IS f hkhAN | £1.009-.1:Q..0 [t of
boor opr SiitP Bl ¥Rhed SR 3ha B S, 7 980bp8 BatdE, AbdRaliBng ltte

pr oduceghosphusgypsuani D-santoddisphalterEP-34 rsildneuchadsiofuale t ysed rfor easi ng
the time of their utilization, and reduce consupption of materials for road

const r uBIQBIStIOR AT grakblated pelinerasrhalt binggr+ palfenpalyingy iss Hia,prasist of
reaction of copolymerisation of chain sulfur with 2-ethyl-3-propylacrolein modifier

occurring in 2-ethylhexyl alcohol solvent at the temperature of approx. 135°C.
Waste phosphogypsum contains mostly calicium sulfate dihydrate, it is a waste
obtained during production of phosphoric acid. Chemically, phosphogypsum
contains mostly calcium sulfate dihydrate, and contains multiple admixtures such
as phosphorus, fluorine, aluminium, iron, silicone and their sulphides. D-50 road
asphalt is produced from remains from crude oil distillation, has got the Sphere
and Ring softening temperature of 42-57°C, penetration of 45-60. EP-34 silicone
emulsion is a 5% aqueous solution. Sulfur polymer, waste phosphogypsum, waste
slag from copper smelting and granite sand as mineral fillers are used for sulfur
concrete production. Sulfur polymer and waste phosphogypsum the same as in
the production of granulated polymer-asphalt binder. Waste slag from copper
smelting of 0 - 5 mm granulation possesses in its composition ca. 45% of silicates,
ca. 12% of aluminium trioxide, ca. 11% of iron(lll) oxide, ca. 6% of magnesium
oxide, ca. 15% of calcium oxide, ca. 0.2% of phosphorus(V) oxide, ca. 0.4% of
copper. Granite sand is a mineral of 0 — 2 mm granulation. As it can be seen from
the above, industrial waste such as: waste phosphogypsum, waste slag from
copper smelting, sulfur polymer obtained from waste sulfur are used for production
of granulated polymer-asphalt binder and sulfur concrete. It affects their utilisation
and reduction of industrial waste heaps. If we add to this the emission of carbon
dioxide lower than in the production of traditional concretes from Portland cement
it can be seen that the object of the invention contributes to the protection of the



WO 2011/ 065849PCT/ PL2010/ 000116 9 There are al so known net hods of
production of sulfur concretes from sul fur polynmer obtained through anot her
nodi f i catworroofoessst e sul phur. US Patents Nunber 405850@cCarra.2NomobEns 4348313
denonstrate sul fur binder where sulfutw is nodified with olefinic

hydr ocar bons. Sul fur concrete obtained on the basis of the above-nentioned
US pate . ] i strength, bendi ng strength, breaking
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according to the Patent Application P-389668 has been used. Sul fur pol yner
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heated in this mxer to the tenperature of "135-150C at constant m xing. At
this tefpasitlyity to tamperatyel shangesnlaweriiglluendeopfoad inkansityedhandesedamast e

hosph [ t of - 409 - weight d. i it at
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i f the moad sudacenFiges ®eRig: M anddinf @pair &@né%@@p&ﬁ@nﬁ@ht Fig) 12'® lagount of
15- 20% H)é \/\Bé(ght is dosed into the mxture at the tenperature of 135-150C
and t herl3i £reducss pelymesrasrbet Binder flaws ipxtharmidgrth Fidi T by thel fpres ofind

wast e i | f i Wi al t,
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properties of m Xtures such as: softening point ere an
met hod #fattbey opomt block the dtead efathesextaudgrofiinter gearulles.nthud pytifiey

resilie r YA gepd adhesion to sul fur Lete, surface and
asphal tﬂg?'yﬁibﬁé%g)ﬁ’%@ Béﬁé%r sggbmq t ?prg??@urgon%ff pé?’g"g'(%%o& tfﬂcﬁ%‘? ?%V\él?e
sensitivity to tenperature changes, |ower influence of |load intensity
changes, can be obtained. It has been used for construction of binder
course in proposed new road surfaces Fig. 6 to Fig. 11 and in repair of
damaged pavenent Fig. 12 to Fig. 13. Produced pol yner-asphalt binder flows
to the mxer 1 Fig. 1 by the force of gravity where thorough crushing of
the binder in order to elimnate inclusions and lunps with the use of two



WO 2011/ 065849PCT/ PL2010/ 000116 11 screw conveyor feeder which has a
wat er - cool ed jacket with automatic regul ation of cooling water inflow to

t he screwoanudyss49f eeder dependi ng on the desired tenpecarur@oodolide

cool ed pol ynmer-asphalt binder. The terperature of this binder should be
such so that the binder at the inlet to the extruder of the binder granules
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their sul phides contained in waste phosphogypsum stabilise the maintaining
of pol yaepelyntes@asphalt bindeair C@@Bﬂrﬁé& C%@ﬂéNléh%Wﬁﬁl}?ﬁqk@ddP@oplﬁs%l uabl e

filler I L 0g. - Af . nyt | zi ng
of  sul £ RS aftyler SEERAGAS AR AR Col 1 Storde ot 8030 AYERBIEH 102
t he dr aplany fdriater isepened and the nelted mass flows into mxer 1 Fig. 1

where warnmed mneral filler, i.e. granite sand in the anmount of 10-20% by
wei ght and warnmed waste slag from copper snelting of 0-5 nmgranul ation in

the amp%dﬁtioﬁ%f@&ﬁnﬁycd/%rg%t acé’drﬁir@dﬂ?ﬁid C’II ?&n@bs%{l@h@e%ulfﬂr)ﬂdﬂﬁnel\/ﬁt al's

and thelr conpounds contain I'n the waste slag stabilise the polyneric
f or m i nfrolresaluértdrorpelpodificatia kotheramopunnt dfe25rB2%r by Weiight is dosadde thd wast e
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backwar d- r unni nﬂ toothed rolls, sulfur concrete in a sem-liquid formis

obt ai ne@f 4ARWpthy weigtiipglosedite fheuiaselied: Bilive ralymer at cossiaat mixvdgr ai ns
of 0-1 ' r Lch edy,| L or ot ’ | hese
grains %@hﬂ %@?%%JSS ugph%%ggﬁégp@@ﬁ# aﬁlrl]}gﬁbgalr)ag'%ngﬁ rgd Igtﬁ{’tﬁlg&%'ﬁérrp%z{rogg I?Jér-lg of
about 180Kphitdest wntaihed ofn rwastes Hosphogwrsiim ustabilise rthepexaiataising nobi | e

heating units, apnd are poured in sem-liquid formas.the foundation.of road
sur f aceBOIVREIGOMRHIA %‘r"gﬂ&‘gﬂnﬁf -a%%? & 058?99@595% %é‘l?sto Bi‘f?iﬁé?blﬁﬁﬁleéul fur
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unexpected very go properties whic ave been alread§ mentioned in the
descr i ppblymemvith evasie sphosphogyesiwe alf thestemperaéureud’ 48538I0yaethead@in di ng

to P-389668 i n thei rraduction,, In road surfa f t i KR2,
ks, keiavars ongked ARG e vielRr shast PR G HiREr 3B T Il E e
modi fi cafiheny fméi,%.fg?uﬁi@e Is2fdCin 12 BoLARGT CIZ0YUBY iweightantepaimed ost s
as well as significant extension of their life tine. Use of these

mat er i anaste Blag frem eonpepEMelting £Ff Phanmpgienefationdnsther rnodeinet 6949% t he
construgt,i on. Che 1 j1ec rtd ul es:
ol yrer bks BRI BFAGRIRRENE | SofahPia” BRI apl DBR EARBOBhgE L O
basi ¢ f eontimtedin itlse rwabte odlag udthbilise cherpdigmeric form in the sulfur polymer.
Moreover, in the mixer 1 Fig. 1 change of waste slag pH by its neutralisation
occurs. Waste phosphogypsum of pH of about 4 affects the pH reaction of waste

slag, changing it to pH of about 6.



t he road wearing course of asphalt concrete is made traditionally according
to the standard in force, only its thickness changes but the sum of the

t hi cknesswof2otinesssew bi nder course fromthe pol yner- aspirairirLbémderti@nd t he
t hi ckness of the wearing course givesl2a standardi zed thickness of the
wearing course from asphaltic concrete I s possi ble due to unexpected
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h h di d_breaki. t
Ctr ogseTopEs C°”ﬁée$n‘?%?é‘rw a4 ooree ) sermErafde i e derpunfERoL AT Bl <o
reduce §ly@acussi Usar ¥ ftﬁéﬂwleaueéldtévaﬁhméé ¢@¥W%%Pﬁﬂltt&naéﬁ @ioae@ﬁuﬂ
t hi ckness, mmintaining at the sane tine materi al used for
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t he auxgét% @v@HW@%frBﬁuéés@cﬁ@tﬁu’&!jﬁ?ﬁ?hd&%th% wHieh ¢alde reau&ﬁ’érﬁbf the

pr opose c ness o road is 17 cmthinner than the standard. Fig.
pr esent oaak oprestrttisn ranaoepair dREs ay pelirasasignificanhexthnsioe aofdbeir tite tier se

from as haltl concret.e .cm,t hi nper vs st.andard, .t he binder course
from poly t&g ﬁé\"?teﬂ?ﬁdil?azt' @ngi mq{r?es‘rph@ﬂjﬂn‘tjﬂr agq SHEUF §onehs ge Bisi c

f oundat tl%”cdr?s%&fch&ﬁ Qfnew! 6r‘ébo§é’<ﬂ‘%&! §u#f§ce'5s. i’érgdlol;]edlfﬂ@bahhﬂleﬁrhiesﬁt andar d,

the auxiliary foundation is 2 cmthinner than e standard. In total, the

pr opos edpolmsirasphalbinder qonstiurts the Q!NQWQM&P of Rew ropd syffaggsrd. Fig. 8

presents ad, in which the wearing course
from asphg%'?%a@g%@%e%??%&éf% hi™n eé@\/s t he standard, the binder course
from pol yeeroaspsalitg bouderofizsphalt wohbrete é&s n*tdd@rtram’ﬁorsalwratmoddmghe thasi ¢

foundation | ayer from sul fur concrete is 4 c th| nner he standard,
the auxianga f’bfﬁf&ﬁt PRl ifssthicknassrehangest it ?rﬁ»"’@toiﬁhﬁe{g"j‘ﬂﬁsﬁ 8?5*16 t he

Pr 0POS el FIHRPSS e ! ] soride SSBIN BiRlert BRD hRCHRIGRAR oF 42 0. O
presents propose sur ace of KR3type road, in vvm t he wearing course

f r om aspieatingccounser givesi a 3tandartiizadethiclenesshef sthand@ladngt heutsendim cour se
from pol yner-.as nder i.§ 4, cmthi nner an t I t he basic

f ountiat PO SPheteien 1k I rasside Hupaou s ciad BbprREs oS Hideratiniar o

the aUXfrbhﬂrﬁblflrﬁéﬂg%hﬂf‘ blﬁdé’r CWhIdh' 'Ei@)%éeéi@ doRfe séputdassal bardraérirs t he

proposed t hi ckness of r oad cmthinner than the standard. Fig. 10

pr esent befieothescthesia- cailﬁel cﬂstmhagtpéhatdaak% thistsiourse: bethvibgrhindercand se
the bottom of the wearing course from asphaltic concrete. In relation to the fact

that in proposed new road surfaces both the binder course from polymer-asphalt
binder and the basic foundation from sulfur concrete possess new unexpected
very good properties such as good stability after passing of time, lower sensitivity
to temperature changes, lower influence of load intensity change, high
compression, bending and breaking strengths, suppression of stresses resulting
from traffic, small deformations. This has allowed to reduce the auxiliary
foundation thickness in relation to the standard thickness, maintaining at the same

time the type of material used for construction of the auxiliary foundation in



fromasphaltic concrete is 2 cmthinner vs. the standard, the new 2 cm

bi nder course from pol yner-asphalt binder is introduced, the basic

f oundat i owOf2ooess4bf ur WO 2011/ 065849PCT/ PL2010/ 000116 PC4/Peooioneiles i s 2 cm
t hi nner than the standard, the auxili®ry foundation is 4 cmthinner than
the standard. In total, the proposed thickness of the road is 6 cmthinner

than th . resents proposed surface of KRL type road, in
whi ch tﬁg&s@%?%g"t é&rﬁ% asphaltlc concrete is 1 cmthinner vs. the
standard, the binder course from pol yner-asphalt binder is 2 cmthinner

t han t he standard the new 3 cm basi ¢ _foundation from sul fur concrete is
i nt r odubige 8 PIesents Prapasedriiiagstafh KRS e foas iruhich iae WeRENGICWER d. | n
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st andar presents a proposal of concrete toad and notorway repair
with thpolysmresfsp;b\altyhiadeasq)lﬁabm mlmMrthaﬁhﬂqqostmmw tesbawis fobbadatibth owi ng
cour se

fter the remaval o rrech ur|t es from,the
danmged 8h Teesulitt anctsipr Bod. GomaEr B ae cRMHATt e pURG ng
sprayi ”ﬂ)udéﬂéh@ﬁ igiv @ﬁ1 ﬂﬂ%@ﬁ%ﬁ%@%tﬁﬁdéﬂ&ﬁ Iﬁ%ﬁéiﬂhe%r@ﬁéhéd th&ﬂﬁésé @ft he
damaged layer, is performed. Depending on the depth of the rut x in nm

t hi cknethe madtlaéﬂ@néhmnﬁgthaayfba stargardol yner - asphal t bi nder amounts to x +
20 mm After the above nentioned levelling layer is forned, 20 mm weari ng
course fromcast asphalt is applied; in case of notorways SMA type m neral

asphal t Fiy. Xt prmntm@omh@ﬁécé of KIRE typedrodd, in avhich Yweweadng desese Fig.
13 presents a proposal of 3Zgalr of roads on a traditional asphalt binder.
Pol yrrer frogs gapaltie coperetn ds Lescthinnasarsy the sdaneaids th binses,gosrse grom

asphal t 98 yﬁﬁﬁﬁ%ﬁe@ﬁﬁﬁﬂ"? %Scenn{rmqﬁé}ethransgg a'r:di " e bQé’ig%uh alid¢ road

are provi wi th polyner-as I nder m xe appr ox.
70% by lsyeghfromf shifsaldonafetd- 1 anmgrmmnat tham the pstaddagl, othet rauxdxapy h of

bi nder - IRUEGAtRN R 4G5 N dstonAR B RIaRH: 1B MegRiRPREH A8 CHBotS T he t op
I evel ofhd Rdaxi1S egninBar tHih heWwtssdate | evelled with 2 cmof wearing
course from asphaltic concrete.

Fig. 8 presents proposed surface of KR4 type road, in which the wearing course

from asphaltic concrete is 2 cm thinner vs. the standard, the binder course from

polymer-asphalt binder is 6 cm thinner than the standard, the basic foundation

layer from sulfur concrete is 4 cm thinner than the standard, the auxiliary

foundation is 2 cm thinner than the standard. In total, the proposed thickness of

the road is 14 cm thinner than the standard.

Fig. 9 presents proposed surface of KR3 type road, in which the wearing course
from asphaltic concrete is 2 cm thinner vs. the standard, the binder course from
polymer-asphalt binder is 4 cm thinner than the standard, the basic foundation
layer from sulfur concrete is 2 cm thinner than the standard, the auxiliary
foundation is 2 cm thinner than the standard. In total, the proposed thickness of
the road is 10 cm thinner than the standard.

Fig. 10 presents proposed surface of KR2 type road, in which the wearing course
from asphaltic concrete is 2 cm thinner vs. the standard, the new 2 cm binder
course from polymer-asphalt binder is introduced, the basic foundation from sulfur
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concrete is 2 cm thinner than the standard, the auxiliary foundation is 4 cm thinner
than the standard. In total, the proposed thickness of the road is 6 cm thinner than

the standard.

Fig. 11 presents proposed surface of KR1 type road, in which the wearing course
from asphaltic concrete is 1 cm thinner vs. the standard, the binder course from
polymer-asphalt binder is 2 cm thinner than the standard, the new 3 cm basic
foundation from sulfur concrete is introduced, the auxiliary foundation is 6 cm
thinner than the standard. In total, the proposed thickness of the road is 6 cm
thinner than the standard.

Fig. 12 presents a proposal of concrete road and motorway repair with the use of
polymer-asphalt binder. The proposal assumes the following course of action.
After the removal of mechanical impurities from the damaged top layer of the
surface construction and drying it, a grounding spraying, which gives good
adhesion of the polymer-asphalt binder to the damaged layer, is performed.
Depending on the depth of the rut x in mm, thickness of the levelling layer from
polymer-asphalt binder amounts to x + 20 mm. After the above mentioned levelling
layer is formed, 20 mm wearing course from cast asphalt is applied; in case of
motorways SMA type mineral asphalt mixtures, where asphalt is modified with a

polymer, are used.

Fig. 13 presents a proposal of repair of roads on a traditional asphait binder.
Polymer- asphalt binder possesses a very good adhesion to existing asphaltic
concretes and melts into their surface. First, holes in the road are provisionally
levelled with polymer-asphalt binder mixed with approx. 70% by weight of basait of
5-11 mm granulation. Depending on the depth of the rut x cm, the thickness of the
levelling layer from polymer-asphalt binder mixed with basalt amounts to x-2cm,
and irregulariﬁes up to the top level of the existing wearing course are levelled with

2 cm of wearing course from asphaltic concrete.

Example |

Granulated polymer-asphalt binder comprising % by weight for preparation of the



100 Prepared in the follow ng way. Wi ghed anounts of sulfur polynmer from
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sulfur I|Dn0cllusions are eliminated, and then, after cooling with water in a screw conveyor it
is pressed out by an extruder and formed in a shape of granules which are cooled
and coated with silicone emulsion. Thus obtained polymer-asphalt binder granules
are transported to a construction site or road repair site, where in mobile heaters
they assume liquid form from which, after pouring out, binder course of road
surfaces from polymer-asphalt binder is formed. In case of repair of traditional
roads from asphaltic concrete Fig. 13 approx. 70% by weight of basalt of 5-11 mm
granulation is added to a mobile heater with an agitator after melting of the
granules and after mixing with warm binder it is poured onto the damaged surface,
leaving a 2 cm fault in relation to the level of the wearing course for levelling it with
traditional asphaltic concrete. In case of repair of concrete roads and motorways,
granulated polymer-asphalt binder is melted in a mobile heater with an agitator
and poured onto damaged surface Fig. 12, which was cleaned and covered with
grounding material beforehand. The levelling layer of polymer-asphalt binder
protrudes 20 mm above the surface of the road or motorway. 20 mm layer of cast
asphalt is poured onto this layer and in case of motorways, 20 mm of SMA type

mineral asphalt mixture where asphalt is modified with polymer.



30 - waste phosphogypsum 20 - waste slag from copper snelting 35 - mneral
material granite sand 15 100
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Example Il

Sulfur concrete comprising % by weight for production of road surface basic

foundation

- sulfur polymer 30
- waste phosphogypsum 20
- waste slag from copper smelting 35
- mineral material granite sand 15

100

Prepared in the following way. Weighed amounts of sulfur polymer from
solvent-borne modification of waste sulfur are delivered to mixer 2 Fig. 1. Waste
phosphogypsum is dosed to the mixer mixed with melted sulfur polymer at the
temperature of 135-150°C. Metals contained in waste phosphogypsum stabilise
the polymeric form of sulfur polymer. After approx. 30 minutes liquid mass from the
mixer 2 Fig. 1 is directed to the mixer 1 Fig. 1 where it is mixed for about 30
minutes with hot waste slag from copper smelting and granite sand. Metals and
their compounds contained in waste slag stabilise the polymeric form of sulfur
polymer; change of waste slag pH to pH of ca. 6 with the use of waste
phosphogypsum also occurs. After thorough mixing, sulfur concrete in semi-liquid
form is obtained, which is poured into the mould or, after cooling, crushed into
grain of diameter of 0-1 cm, which is packed into bags or other containers and
then transported to the road construction site, where, loaded into a mobile heater
at the temperature of 130°C, sulfur concrete assumes semi-liquid form and is

poured and formed as a road surface basic foundation.

Example IlI

Figure Number 6 presents the method of making basic foundation from sulfur
concrete and binder course from polymer-asphalt binder on a KR6 type road.
Granulated sulfur concrete prepared in Example |l is loaded into a mobile heater
located at the road construction site. After heating to the temperature of approx.

130°C it is poured in a semi-liquid form onto a prepared auxiliary foundation 18 cm



Prepared in the foll owm ng way. Wi ghed anmounts of sulfur polynmer from

sol vent - borne nodi fication of waste sulfur are delivered to mxer 2 Fig. 1.
Wast e phosphogypsssn i s dosed to the m xer m xed w th nelPCe®Lsubfdw1ieol yrer
at the tenperature of 135-150C. Metal¥ contained in waste phosphogypsum
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| ocated at the road construction site. After heating to the tenperature of
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foundation 18 cmthick nmade from aggregate. Fromthe sem -liquid sul fur
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heater in which sulfur concrete was heated before and after it is enptied,
gr anul athedmabbinding &f ghaltindgmetirse métiathed basicEHeangation alsp peewrsdAfteom t he
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poured agpitaltis &RHCRstebiRs hpplidlipdaiti Durihgoapplidativh 60w elbeve Binedonsdur se
from pol ynmer asphalt binder 2 cmthick Is formed; thermal binding of the

bi nder w6888 GAUSE titsethesaiat bindingavitho thenbitles ceairse Tram erolwpgrarPhalt hour s
when t hg; @s aﬁjsi difies, 3 cmof wearing course fromtraditional asphaltic
concrete 1's applied on it. During application of the above nentioned
wearing course its thermal binding with the binder course from

pol yrner E?(gﬁ)%% E/I bi nder occurs.
Fig. 9 presents the method of preparation of a basic foundation from sulfur
concrete and a binder course from polymer-asphalt binder on a KR3 type road.
Granulated sulfur concrete prepared in Example 1l is loaded into a mobile heater
located at the road construction site. After heating to the temperature of approx.
130°C it is poured in a semi-liquid form onto a prepared auxiliary foundation 18 cm
thick made from aggregate. From the semi-liquid sulfur concrete a basic
foundation from sulfur concrete 5 cm thick is formed and after 2 hours, when the
mass solidifies, a binder course from polymer-asphait binder is applied in the
following way. To the same mobile heater in which sulfur concrete was heated
before and after it is emptied, granulated polymer-asphalt binder prepared in
Example | is loaded from the bags. At the temperature of 130°C granules of the



Example VI1 Fig. 10 presents the nethod of preparation of a basic
foundation from sul fur concrete and a binder course from pol yner-asphalt
bi nder orwa 26RA6684pe road. G anul ated sul fur concrete prepaLedoiomibxanpl e
Il is |oaded into a nobile heater |océted at the road construction site.
After heating to the tenperature of approx 130C it is poured in a
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sulfur concrete. Binder course from polymer-asphalt binder 2 cm thick is formed,;

thermal binding of the binder course with the basic foundation also occurs. After

approx. 2 hours when the mass solidifies, 3 cm of wearing course from traditional

asphailtic concrete is applied on it. During application of the above mentioned

wearing course its thermal binding with the binder course from polymer-asphalt

binder occurs.

Example VIII

Fig. 11 presents the method of preparation of a basic foundation from sulfur
concrete and a binder course from polymer-asphalt binder on a KR1 type road.
Granulated sulfur concrete prepared in Example Il is loaded into a mobile heater



Example I X Fig. 12 presents repair of concrete roads and notorways
conducted with the use of granul ated pol yner-asphalt binder prepared
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wearing course its thermal binding with the binder course from polymer-asphalt

binder occurs.

Example IX

Fig. 12 presents repair of concrete roads and motorways conducted with the use
of granulated polymer-asphalt binder prepared according to Example |. The repair
progresses as follows. Granulated polymer-asphalt binder from bags or other
packaging is loaded into a mobile heater located at the site of damaged road
surface repair where at the temperature of 130°C it is melted and poured onto the
damaged surface, which was beforehand cleaned and grounded with a good
grounding agent in order to join the damaged surface with the polymer-asphalt
binder poured onto it well. If the depth of the damaged road x in mm amounts, for
example, to 20 mm, then the total thickness of the poured and formed layer from
polymer-asphalt binder amounts to x+20 mm. 20-mm layer of cast asphalt is
poured onto such formed levelling surface from polymer-asphalt binder after it
solidifies, and in case of motorways, SMA type mineral asphalt mixture where

asphalt is modified with polymer.

Example X
Fig. 13 presents repair of roads on traditional asphalt binder with the use of



1. The nethod of production of sulfur polyner characterised by that it is a
product of nodification of waste sul fur occurring in liquid solvent
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2011/ 065849PCT/ PL2010/ 000116 23 characterised by that it contains 40-60% by
wei ght withdiaditipnabgsphalfic cencretes by wei ght of road asphalt of softening
tenperature of the Ring and Sphere nethod of 42-57C and penetration of

45- 60, 20-40% by wei ght of waste phosphogypsum plasticised binder nmass is
granul ated in the extruder and coated with thin |layer of silicone emulsion
in order to prevent sticking of granules. 5. Sulfur concrete according to
Claim3 characterised by that it contains 25-35% by wei ght of sul fur

pol ymer, 35-45% by wei ght of waste slag from copper snelting, 10-20% by

wei ght of waste phosphogypsum 10-20% by wei ght of granite sand of 0-2 mm
granul ation. 6. Road surface produced on the basis of granul ated

pol yner - asphalt bi nder and sul fur concrete characterised by that the binder
course is always made on the basis of polynmer- asphalt binder and basic
foundation |ayer is nade on the basis of sulfur concrete.



7Road surface according to Claim6 characterised by that the thickness of

t he bi nder course from pol yner-asphalt binder anbunts to 2 cm 8. Road
surface awoandimegs4#o Claim6 characterised by that the rhireke@ssoaiot he
basi ¢ foundation made fromsul fur corete is from3 cmto 11 cm 9. Repair
of road surfaces characterised by that the granul ated pol yner-asphal t

bi nder is used for its performance. 10. Repair of concrete roads and

not orways according to Claim9 characterised by that the damaged surface is
grounded, l|evelled with polyner-asphalt binder and covered with the wearing
course fromcast asphalt. WD 2011/065849PCT/PL2010/000116 24 11. Repair of
road surfaces according to Claim9 characterised by that for the repair of
roads on traditional asphalt binder a m xture of pol yner-asphalt binder
with basalt of 5-11 mmgranul ation is used, which mxture |evels out
hol | ows, while the wearing course is nmade from asphaltic concrete 2 cm
thick which levels out the whole repaired surface to the |evel of the

exi sting wearing course. '

Patent Claims

1. The method of production of sulfur polymercharacterised by that
it is a product of modification of waste sulfur occurring in liquid solvent
2-ethylhexyl alcohol, in which liquid modifier 2-ethyl-3-propylacrolein was
dissolved beforehand, which is conducted in a mixer, in a mixture of the
following composition: 45-55% by weight of 2-ethylhexyl alcohol solvent,
10-15% by weight of 2-ethyl-3-propylacrolein modifier, 35-40% by weight of
waste sulfur, mixed together and heated to the temperature of 120-135°C in

10-15 minutes.

2. The method of production of sulfur polymercharacterised by that
it is performed in a vertical mixer heated indirectly, presented in Figure No 1,
at the temperature of 120-135°C with the agitator rotational speed of approx.
30 rpm, where in the mixture comprising: 45-55% by weight of 2-ethylhexyl
alcohol as liquid solvent, in which liquid modifier 2-ethyl-3-propylacrolein in
the amount of 10-15% by weight was dissolved, modification of waste sulfur
in the amount of 35-40% by weight in 10-15 minutes takes place and the
produced sulfur polymer is raw material for production of sulfur concretes

and granulated road binder.

3. Granulated polymer-asphalt binder and sulfur concrete used for production
of road surfaces characterised by that they contain sulfur
polymer which is a product of modification of waste sulfur with the use of
2-ethyl-3-propylacrolein modifier in 2-ethylhexyl alcohol solvent.

4. Granulated  polymer-asphalt  binder according to Clam 3
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characterised by that it contains 40-60% by weight of sulfur
polymer, 15-20% by weight of road asphalt of softening temperature of the
Ring and Sphere method of 42-57°C and penetration of 45-60, 20-40% by
weight of waste phosphogypsum, plasticised binder mass is granulated in
the extruder and coated with thin layer of silicone emulsion in order to

prevent sticking of granules.

Sulfur concrete according to Claim 3 characterised by that it
contains 25-35% by weight of sulfur polymer, 35-45% by weight of waste
slag from copper smelting, 10;20% by weight of waste phosphogypsum,
10-20% by weight of granite sand of 0-2 mm granulation.

Road surface produced on the basis of granulated polymer-asphalt binder
and sulfur concrete characterised by that the binder course is
always made on the basis of polymer- asphalt binder and basic foundation

layer is made on the basis of suifur concrete.

Road surface according to Claim 6 characterised by that the
thickness of the binder course from polymer-asphalt binder amounts to 2

cm.

Road surface according to Claim 6 characterised by that the
thickness of the basic foundation made from sulfur concrete is from 3 cm to
11 cm.

Repair of road surfaces characterised by that the granulated
polymer-asphalt binder is used for its performance.

Repair of concrete roads and motorways according to Claim 9
characterised by that the damaged surface is grounded,
levelled with polymer-asphalt binder and covered with the wearing course

from cast asphalt.
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Repair of road surfaces according to Claim 9 characterised by
that for the repair of roads on traditional asphalt binder a mixture of
polymer-asphalt binder with basalt of 5-11 mm granulation is used, which
mixture levels out hollows, while the wearing course is made from asphaltic
concrete 2 cm thick which levels out the whole repaired surface to the level

of the existing wearing course.



