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In this article the potentiality is proven for application of wastepaper sludge ash (WSA) as
mineral powder for traditional hot asphalt concrete mix. For the comparative testing in this article the
traditional limestone mineral powder is used. The chemical (oxide) composition of the aggregates was
studied, while that was determined by means of DRON — 3.0 diffractometer. It was ascertained that
CaO is present in wastepaper sludge ash in sufficient quantity, while it provides for utilization of this
waste material as an aggregate for asphalt concrete. The limestone mineral powder granulometric
composition was determined and the wastepaper sludge ash was grinded by ball grinder till the
appropriate granulometric composition was reached. There were studied the main physical and
mechanical parameters of bitumen 70/100 to be used for formation of asphalt binder in combination
with the studied mineral aggregate. There were formed the following series of traditional hot asphalt
concrete mix: on limestone mineral powder, on wastepaper sludge ash, on both limestone mineral
powder and wastepaper sludge ash in ratio 50/50, 30/70, 20/80 (% w/w). By means of grading curves of
dense-graded continuous mixes there was designed the chip-grain carcass of asphalt concrete mix. The
asphalt concrete mix was designed based on the following characteristics: hot fine-grained dense-
graded asphalt concrete with residual porosity from 2 to 5 %, with quantity of chip-grains sized more
than 5 mm — 35-45 % and the maximum grain-size up to 15 mm. There was determined that WSA can
perform as material to be used as mineral powder for asphalt concrete mixes. According to the
requirements of Ukrainian standard (DSTU B V.2.7-119:2011), the asphalt concrete with WSA is of
standard condition, but the water-saturation index approaches the acceptably allowed value, while in
comparison with asphalt concrete with LMP — it is higher by 55 %. Such result is due to the difference
in oxide composition of the aggregates, namely lower content of products of calcareous rock in WSA.
With combined application of limestone mineral powder and WSA in ratio 50/50, 30/70, 20/80 (% w/w)
the water-saturation index decreases. As to the compression tensile strength and compression tensile
strength after water-saturation, these indices on WSA are lower than on LMP just by 10 %. The most
efficient usage of WSA, considering the studies done, can be achieved when coupled with LMP in ratio
50/50.

Key words: wastepaper sludge ash (WSA), limestone mineral powder (LMP), bitumen, hot
asphalt concrete.

Introduction

At present time the most wide-spread trends for paper-production waste disposal are burial, sludge
composting and incineration. Still, the most ecologically and economically attractive is usage of such
waste materials in various construction composites (Bajpai, 2015). One of the forward-looking waste
materials (suitable for application in the construction industry) is wastepaper savings (Frias, 2015; Segui,
2015; Ferreiro, 2013). In (Ahmad, 2013) there is stated that thermoactivated wastepaper sludge ash
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(WSA) (received due to wastepaper savings incineration) possesses the binding properties and form the
solidifying systems. The forward-looking is their practical application taking into account their specific
structural-mechanical properties — when they are performing the role of the additional cementing materials in
composite Portland-cements, mortars and dry pack mortars. Still, the review of literature has shown that
the application of such approach to asphalt concrete intended for pavement of motor-roads’ courses is not
studied (Rahman, 2020; Pasandin, 2016; Mohammadinia, 2017).

It is generally accepted that to receive the popular type of asphalt concrete for pavement of top
courses (that is, stone mastic asphalt) there is used the special stabilizing additive, which (as a rule) is
produced from cellulose fiber. Still, the content of this stabilizer constitutes just about 0.3-0.5 % w/w
relative to asphalt concrete. In their turn, the authors of this article proposed to use WSA as mineral
powder for classical asphalt concrete. The mineral powder is more expensive than other mineral
components of asphalt concrete — chips and sand (screenings), but it performs the important functions in
asphalt concrete. That is: due to availability of large specific surface area (where the part of mineral
powder is counted for by 90-95 % of the total surface of aggregate that comprise the asphalt concrete),
the mineral powder facilitates the increase of number of contacts among the cross-linking components of
asphalt concrete, fills the small voids among the larger asphalt concrete particles and have the ability to
transform bitumen from volumetric state into membranous, thus creating (along with the bitumen) the
asphalt binder. As a mineral powder for asphalt concrete there is traditionally used the crushed calcareous
rock. As shown in (Goncharenko, 2008; Goncharenko, 2006), the activity and strength of adhesion of
mineral materials with bitumen is connected with the content of oxides (cations) of alkaline, alki-earth
and heavy metals. As by the influence of mineral composition of the powders upon their activity, the
powders are subdivided into four groups. Attributed to the first group are the powders having high
positive potential and large amount of adsorption centers in a form of cations Ca,+ i Mg+ (calcite,
limestone, dolomite). Attributed to the second group are the powders whose grains’ surface has negative
charge with large amount of adsorption centers in a form of ions O2- (quartz, kaolin, granite, silicone).
Attributed to the third group are the powders having lowered negative potential, with presence on the
particles’ surface of the compensating cations of various valency K+, Na+, Ca,+, Mg,+ (mica, asbestos,
gabbro, feldspar etc.). Attributed to the forth group are the powders having neutral surface (talc, graphite
etc.). Taking into account the above mentioned, to apply this or that industrial waste material as a mineral
powder for asphalt concrete — it shall possess the appropriate granulometric, chemical and mineralogical
composition.

Target of this article

To determine the quantitative and qualitative influence of WSA upon the properties of hot asphalt
concrete.

Techniques used

For the comparative testing there were chosen two aggregates for asphalt concrete: WSA of PJISC
“Kyiv Cardboard and Paper Mill” and limestone mineral powder (LMP) produced by “Skala-Podilskii
Spetscarier (Special Quarry)”.

In Table 1 there is presented the chemical (oxide) composition of aggregates, which was determined
by means of DRON — 3.0 diffractometer.

The analysis of Table 1 witnesses, that present in the WSA composition there is CaO (being the
product of CaCO; roasting) in the sufficient quantity, while that indicates on the potentiality of using this
waste material as an aggregate for asphalt concrete.

WSA consists of the particles sized nearly 10 mm. Therefore, it was grinded by means of ball
grinder till the standard sizes, by which the high-quality mineral powder is characterized (please, see
Table 2).
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Table 1
Chemical composition of aggregates
N f th
ame of the Name of element, % w/w >
aggregate
SiO2 Al:0; Fe:0s CaO MgO SOs LOI
WSA 100.
26.44 1536 1.16 49,84 216 | o045 | 459 | 1000
Limestone SiO> Al: O Fe:0s CaCO; | MgCO;
) - 1.0 100.0
mineral powder 4.4 1.2 0.7 85.0 7.7
Table 2
Granulometric composition of the mineral powder and WSA
Name of the aggregate Sieves, particle residue on the sieve, % w/w 3
1.25 0.63 0.315 0.14 0.071 <0.071
WSA 0.2 0.4 1.2 8.8 7.4 82.0 100
Limestone mineral powder 0 0.1 1.2 4.7 12.9 81.1 100

As initial bitumen for asphalt concrete there was used crude-oil heavy pavement oxidized bitumen
grade 70/100 from JSC Mozyr Refinery, Belarus, Gomel Region, town of Mozyr. The operation
characteristics of taken bitumen are presented in Table 3. As per the tested indices, the present bitumen
corresponds to the grade 70/100 according to (EN 12591; DSTU 4044). Also to produce asphalt concrete
mixes there were used broken stone 10-15, 5-10 mm and chips screenings 0—5 mm (granite quarry JSC
“Polonskiy Gorniy Combinat”).

Table 3
Main physical and mechanical parameters of bitumen 70/100
Index Values
Penetration at 25 °C, M-10~* (0.1 mm) 83
Softening point, °C 50
Ductility at 25 °C, M-10* (cm) >100

To achieve the purpose of testing there were formed the various series of the traditional hot asphalt
concrete mix according to Table 4: on limestone mineral powder, on WSA, on both limestone mineral
powder and WSA in ratio 50/50, 30/70, 20/80 (% w/w). By means of grading curves of dense-graded
continuous mixes there was designed the chip-grain carcass of asphalt concrete mix. The asphalt concrete
mix was designed based on the following characteristics: hot fine-grained dense-graded asphalt concrete
with residual void content from 2 to 5 %, with quantity of chip-grains sized more than 5 mm — 35-45 %
and the maximum grain-size up to 15 mm (Table 4).

Table 4
Asphalt concrete composition
Name of material Content of material in asphalt concrete, %
Broken stone 15—-10 mm 5.0

Broken stone 10—-5 mm 35.0
Chips screenings, grade 5-0.63 mm 32.0
Chips screenings, grade 0.63—-0.071 mm 17.0
Mineral powder 11.0
Total quantity, % 100.0
Bitumen 70/100 6.25
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Physical-mechanical properties of asphalt concrete of various series are presented in Table 5. The

asphalt concrete indices are accepted in accordance with (DSTU B V.2.7-119:2011) for the climate area
of West Ukraine (Lviv Region).

Table 5
Physical-mechanical properties of asphalt concrete
Asphalt concrete series, % w/w Requirements to the
No Name of index LMP WSA | LMP/WSA | LMP/WSA | LMP/WSA designed asphalt
100 100 50/50 30/70 20/80 concrete
1 | Average density, g/em’ 2.36 2.33 2.34 2.35 2.35 -
Water-saturation,
2 1.6 2.9 2.0 2.5 2.7 Not more than 3.0
% by volume
Compression tensile
strength, MPa, at:
3 Not less than 2.7
20 °C 3.8 3.5 3.6 3.5 3.5 13
50 °C 1.4 1.3 1.3 1.3 1.3 ’
Compression tensile
4 | strength, MPa, at 50 °C 1.2 1.1 1.2 1.2 1.2 —
after water-saturation

When making analysis of Table 5 one can ascertain that WSA may serve as a material that may be
used as a mineral powder for asphalt concrete mixes. According to the requirements (DSTU B V.2.7-
119:2011), the asphalt concrete with WSA corresponds to the conditions, but the index of water-saturation
approaches the acceptably allowed value, while in comparison with asphalt concrete with LMP it is higher
by 55 %. Such result is caused by the difference in oxide composition of the aggregates, namely: the lower
content of calcium carbonate in WSA. In conditions of combined application of limestone mineral powder
and WSA in ratio 50/50, 30/70, 20/80 (% w/w) the index of water-saturation decreases. As to compression
tensile strength and compression tensile strength after water-saturation, these indices on WSA are lower
than on LMP just by 10 %.

Conclusions

1. There was tested the chemical (oxide) composition of the aggregates and there was determined
the potentiality of wastepaper sludge ash application as a mineral powder for asphalt concrete — as far as
CaO is present in its composition in the sufficient quantity.

2. The wastepaper sludge ash was grinded till the standard (for mineral powder) granulometric
composition, while the components of asphalt concrete mix were also selected and tested.

3. The traditional hot asphalt concrete compositions were designed, and the influence of
wastepaper sludge ash (separately and in complex with limestone mineral powder) upon the physical-
technical indices of asphalt concrete was tested. There was ascertained that the wastepaper sludge ash can
be used as a mineral powder for asphalt concrete — both separately and in combination with mineral
powder. The most efficient usage of wastepaper sludge ash (based on the testing done) can be reached in
combination with LMP in ratio 50/50.
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BUKOPUCTAHHSA MAKYJATYPHOI'O CKOILY B POJII MIHEPAJIBHOI'O IOPOLIKY
JIJISI TAPSIYMX ACPAJIBTOBETOHHUX CYMIIIENR

©lioeti B. B., Cioyn FO. B., I'vuak O. M., Cmanuax C. A., Bioocs B. M., 2020

VY craTTi 10BEICHA MOKIMBICTE BUKOPUCTAHHS MAKyJIaTypHOI'O CKOITY B POJIi MiHEPaJIbHOTO HOPOIIKY
JUIA TPAAUIIHOTO TapsA90r0 MiHEPANTBHOTO MOPOIIKY. JlOCHimkeHO XiMIYHMH (OKCHIHHIA) CKJal HAIOB-
HIOBaYiB, SKHI BU3HAYMIIH 32 JoroMororo audrakromerpa JJPOH — 3.0. BcTaHoBIIEGHO, 10 Y CKIIAAI MaKyia-
TypHOTO cKomy npucyTHii# CaO B T0OCTaTHIN KiJbKOCTI, IO A€ MOKJIMBICTh 3aCTOCYBAaHHSI IILOTO BiTXOIy B
poJi HamoBHIOBaua i ac(albTOOCTOHY. BCTaHOBIECHO 3epHOBHI CKJIa] MiHEPaTbHOTO MOPOUIKY Ta
PO3MEIICHO 3a JIOTIOMOT'OI0 KYJIhOBOTO MIIMHA IO BiIIMOBIIHOTO 3€pHOBOTO CKJATy MAaKyJIaTypHUH CKOIL
JocnimkeHo ocHOBHI (i3nko-MexaHiuHl noka3Huku Oitymy 70/100, 1o yTBOprOBaTHME 3 JOCIIHKEHHUMH
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MiHEepaJbHUMH HAaINOBHIOBaYaMHu acdanbTHe B’spKyde. 3adopMOBaHO Taki cepil TpaaumiiHOI rapsdoi ac-
(hanbTOOCTOHHOT CYMIIIi 3 BUKOPHCTAHHSAM: MIHEpPaIbHOTO MOPOMIKY, MaKyJIaTypHOTO CKOITy, Ha MiHepalb-
HOTO MOPOIIKY Ta MakKyJaTypHOro ckomy y crhiBBianomenHi 50/50, 30/70, 20/80 (% wmac). Beranosioemo,
10 MaKyJIaTYpHHUI CKOIl MOXXE CIYTyBaTH MaTepiajoM, 110 MOKHa BUKOPHCTOBYBATH B POJIi MiHEPaIbHOTO
nopoiuka s acanbrodeToHHNX cymimeit. 3rigao 3 Bumoramu JICTY b B.2.7-119:2011 acdansToberoH 3
MaKyJlaTypHUM CKOIIOM € KOHIWHLIHHNM, ajie TIOKa3HUK BOJACHYCHHS HAOJIMKAETHCS 10 TOMYCTHMO JI03BO-
JICHOTO 3HAYCHHS, IOPIBHIHO 3 acPaabTOOETOHOM 1 3 MiHEpaJIbHUM HOPOIIKOM BiH € BUIIMM Ha 55 %. Taxwuii
pe3ysbTaT 3yMOBJICHUH PI3HHUIEI0 B OKCHIHOMY CKJaJi HAaIlOBHIOBAdYiB, a caMe MEHIIMH BMICT MPOIYKTIB
BAITHAKOBOI NMOPOIM B MaKyJIaTypHOMY CKOIIi. 32 KOMOIHOBAaHOTO 3aCTOCYBaHHSI MiHEPaJILHOTO MOPOILIKY Ta
MaKyJaTypHOTro ckomy y criBignomenni 50/50, 30/70, 20/80 (% mac) moka3HHUK BOAOHACHUYCHHS 3HUKYETh-
cs1. lomo rpaHUIi MIITHOCTI MPH CTUCKY Ta TPAHUIN MIITHOCTI MPHU CTUCKY MICIs BOJAOHACHYCHHS 3pa3KiB
acanbTo0eTOHy, Il MOKA3HUKH 3 BUKOPHCTAHHS MaKyJIATYypPHOTO CKOITy € MEHIIMMH, HiX 3 BUKOPHCTaHHIM
MiHepanpHOTO TopomKy juiie Ha 10 %. HaiipanioHanpHiie BUKOPUCTaHHSI MaKyJIaTypHOTO CKOITy 3 OTJBITy Ha
MPOBEICHI TOCII/PKEHHS] MOXKHA JOCSTHYTH B MOEIHAHHI 3 MiHEPaJILHUM MOPOLIKOM Y criBBiaHOmeHH 50/50.

KuirouoBi ciioBa: mMakyjaaTypHuili ckom, MiHepaJbHUIl MOPOWIOK, OiTymM, rapsauuii acdauabTto-
0eToH.



