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INVESTIGATION ON UTILITY OF PLASTIC WASTE
AS AN ADDITIVE FOR BITUMINOUS CONCRETE
USING WET PROCESS OF MIXING

Purpose. Plastic waste has become a major environmental issue of concern due to its exponential growth due to
rapid urbanization. The paper investigates utility of plastic waste as an additive for bituminous concrete using wet
process of mixing. Methodology. The methodology for the present paper has been designed with complex research
consisting of Marshall mix design of the bituminous mix added with plastic waste for modifying bitumen using wet
process of mixing, performing the tests on the samples and analyzing the results in the form of table and figures. In
the present paper LDPE and HDPE type of plastic waste are used to modify the bitumen. Finding. The results show
that addition of 6 percent of bitumen improves the Marshall properties of the mix. Use of plastic to modify the bitu-
men not only makes the road surface more durable but also it is an eco-friendly way of proper disposal of plastic
waste. Originality. The processes used for mixing the plastic waste to the bitumen are dry process and wet process.
Dry process of mixing the plastic waste to the bituminous mix is most common and lot of study is carried out on its
application. In the present paper wet process of mixing has not yet been studied much. Practical Value. The practi-
cal application of utilizing the plastic waste to modify bitumen in the bituminous mix improves the stability values
resulting in the more durable road surface. Also the method ensures the proper disposal of plastic waste in eco-
friendly way.

Keywords: plastic waste; waste reuse; road construction; asphalt concrete; wet process

work on reduction, recycling, reusing and energy

Introduction

Plastic is a non-biodegradable material increas-
ing exponentially due to tremendous growth in
population, urbanization and changed life style
with its widespread applications. Researchers
found that the material can remain on earth for
4500 years without degradation [1]. Several studies
have proven the health hazard caused by improper
disposal of plastic waste. In this scenario, the con-
ventional waste disposal methods are found to be
inadequate. Researchers and scientist are trying to

recovery from solid wastes. Study revealed that,
out of total plastic waste in India, around 94%
waste comprises of thermoplastic content, which is
recyclable such as PET, LDPE, HDPE, PVC etc.
and remaining 6% belongs to the family of thermo-
set and other categories of plastics such as SMC,
FRP, multi-layered, thermocol, etc.

In the current era of economic development
with such a hefty population, it is required to have
a dense network of road for the smooth transporta-
tion of goods & passengers. India, despite having
one of the largest railway network moves mostly
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on roads. Be it passenger or freight all move on
roads. Nearly 65% of freight and 85% of passenger
traffic use roads for their movement [4]. In India
flexible pavements are generally preferred due va-
rious advantages such as low cost, availability of
material, speed of construction, ease in construc-
tion, low maintenance and ease in upgradation. It
should be noted that major portion of highway in
India is flexible. Recent research suggests that
these plastic materials can be used in road con-
struction as a binding material. Polyethylene is
extensively used plastic material, and it has been
found to be one of the most effective polymer ad-
ditives in road construction. Use of plastic along
with the bitumen in construction of roads not only
increases its ductility and smoothness but also
makes it economically sound and environment
friendly [17]. From an environmental and econom-
ic point of view, the use of recycled instead of vir-
gin materials could have several advantages such
as help easing landfill pressures and reducing de-
mands of extraction from natural quarries.
Furthermore, this would be an alternative solution
for environmental pollution by utilizing waste ma-
terials as secondary materials in road construction
projects [14]. Waste plastic bitumen road is found
to be stronger, durable, withstand heavy loads, ab-
sorption of radiations, resistive to cracking and
rutting. Generally two processes are adopted first is
Wet process which is basically the polymer en-
riched/modified bitumen process and secondly the
Dry process that is basically poly coated aggregate
process [4].

Literature Review

Amit P. Gawande (2013) had used the plastic
waste in the construction of bituminous road
construction by replacing conventional type of
aggregate with plastic coated aggregate and also
mixed in bitumen. The dry process was used for
the aggregate while the wet process was used for
the bitumen. The dry process helps to have better
binding of bitumen with the plastic-waste coated
aggregate due to increased bonding and increased
area of contact between polymer and bitumen. The
polymer coating also reduces the voids. This

prevents the moisture absorption and oxidation of
bitumen by entrapped air. This technique adds a
cumulative benefit to National Economy also gives
contribution to environmental benefits, employ-
ment generation and agricultural efficiency [1].

Mayura M. Yeole et.al, (2014) have highlighted
the developments in using plastics waste to make
plastic roads. In the flexible pavement construction
where bitumen binders are used, it is of significant
importance that the binders form ductile thin films
around the aggregates. This serves as a satisfactory
binder in improving the physical interlocking of
the aggregates. The objective behind the
experiment was to measure the ductility of given
sample of homogeneous mixture i.e. bitumen and
waste plastic and to determine the suitability of
mix. The bitumen was prepared using waste plastic
for varying percentage by wet process and allowed
to test with the help of ductility apparatus.
Percentage of waste plastic added in bitumen, the
ductility value of modified bitumen is decreases. If
the ductility value is less than specified value then
road surfaces may get cracked and due to this life
of pavement will be reduced, Hence 9% of the
plastic waste must be added to the bitumen for the
better performance of the roads using wet process
[17].

Shirish N. Nemade et.al, (2013) use the poly-
mer waste with or without crumb rubber to modify
the properties of bitumen. The wastes like crumb
rubber, HDPE waste, LDPE, PP Waste and
mixture of crumb rubber- HDPE waste were taken
into consideration. When these plastics are added
into bitumen, various differentiating results have
obtained. The addition of this waste is determined
by means of weight % of bitumen. It is called out
by two processes, viz, dry and wet process. Dry
process is used for aggregate while wet process is
used for bitumen. The waste obtained and mixed in
different forms i.e. polymer waste was in shredded
form and HDPE waste in strand form and crumb
rubber was in powder form. From the obtained re-
sults they conclude that it not only strengthened the
road construction but also increased the road life as
well as will help to improve the environment and
also creating a source of income [16].
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Dhirar Taha Mohammed et.al, (2014) used po-
lyethylene terephthalate (PET) as asphalt modifier
in asphalt. The research paper has focused on the
ability of improving the performance of asphalt
mixtures using Polyethylene Terephthalate (PET)
obtained from plastic waste in Mosul landfills.
Five different percentages of PET are added using
wet process. Marshall test, moisture susceptibility
and durability test are conducted on unmodified
and modified asphalt mixtures. The results showed
that the optimum polymer content of PET is 4%.
the addition of this percentage of polymer lead to
an improvement in the durability, resistance of as-
phalt mixture to moisture damage & increase of the
Marshall stability by 36.09% while the flow values
reduced slightly [15].

Dixit Sandhya et.al, (2013) quoted that in the
wet process, shredded waste plastic is mixed with
hot bitumen at a temperature 1600C with the help
of powerful mechanical stirrers. The stabilizers are
also added to the bitumen during heating. The mix
is then laid on the road. In this process, mixing of
higher percentages of is however, difficult because
of the difference in viscosities of molten plastic
waste and bitumen [5].

Bindu et al. (2010) investigate the benefits of
stabilizing the stone mastic asphalt (SMA) mixture
in flexible pavement with shredded waste plastic.
Conventional (without plastic) and the stabilized
SMA mixtures were subjected to performance tests
including Marshall Stability, tensile strength and
compressive strength tests. Triaxial tests were also
conducted with varying percentage bitumen by
weight of mineral aggregate (6% to 8%) and by
varying percentage plastic by weight of mix (6% to
12% with an increment of 1%). Plastic content of
10% by weight of bitumen is recommended for the
improvement of the performance of Stone Mastic
Asphalt mixtures [2].

Materials and Methods

Various materials used in the present study are
bitumen, aggregate (fine and coarse), filler, and
shredded plastic waste. The bitumen used for pre-
sent study is of 60/70 penetration grade and is ob-
tained from BPCL, Nagpur and PWD, Amravati.

Coarse aggregates, fine aggregates and fly ash
were collected from local producer of crushed ag-
gregates. The plastic waste was segregated from
the municipal waste and shredded at the local plas-
tic waste recycling plant at MIDC, Amravati.

The experiment was conducted into two parts.
The first part consists of calculating the optimum
value of the bitumen and second part consists of
optimizing the quantity of plastic waste used to
replace the bitumen. Wet process was used to mo-
dify the bitumen and Marshall Samples were pre-
pared using the same bitumen. In this process the
coarse aggregates and fine aggregate and fly ash
were heated to 170°C. The bitumen was heated to
160°C and shredded plastic waste retaining on
2.36 mm sieve is added in proportion by weight to
the hot bitumen and mixed thoroughly using me-
chanical stirrer to obtain homogenous mix. The
waste plastic LDPE, PVC and HDPE were added
varying from 0%, 2%, 4%, 6%, 8%, 10% and 12%
by the weight of bitumen. This modified bitumen
was added to the homogenous mix of aggregate,
bitumen and plastic waste. After proper mixing the
mix was placed in the compaction mould and com-
pacted with 75 blows on both face to get Marshall
Samples. The stability and flow were obtained by
testing the sample on the digital Marshall frame
and the average values for Bulk specific Gravity,
AV, VMA and VFB were calculated and graphs
were plotted. The values obtained stability values
are corrected after applying the correction for
thickness of the sample. According to Das, A. and
Chakroborty P. the following properties were cal-
culated based on volumetric analysis [3].

Bulk Specific Gravity of sample (Gb)

The bulk density of the sample is determined
by weighing the sample (Wa) and by taking its
submerged weight (Ww). The specific gravity of
the specimen is given by

W

a

Gb=
W, —W,,

where, Gb = Bulk Specific Gravity of sample,
Wa = Weight of sample in air (g), Ww = Weight of
sample in water (g).
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Theoretical specific gravity of the mix (Gt)
Theoretical specific gravity Gt is the specific
gravity without considering air voids, and is given

by:

_ P1+P2+P3+Pf+Pb
~P1 P2 P3 Pf Pb
—
Gl G2 G3 Gf Gb

Gt

where, P1 is the Percentage by weight of 20mm
coarse aggregate in the total mix, P2 is the Per-
centage by weight of 10mm coarse aggregate in the
total mix, P3 is the Percentage by weight of Stone
Dust in the total mix, Pf is the Percentage by
weight of filler in the total mix, Pb is the Percent-
age by weight of bitumen in the total mix, G1 is
the specific gravity of 20mm coarse aggregate, G2
is the specific gravity of 10mm coarse aggregate,
G3 is the specific gravity of Stone Dust, Gf is the
specific gravity of Filler, Gb is the specific gravity
of bitumen
Bulk Specific Gravity of Aggregate (Gsb)

_ P1+P2+P3+Pf
~ P1L P2 P3 Pf
—t——+—+
Gl G2 G3 Gf

Gsh

where, P1 is the Percentage by weight of 20mm
coarse aggregate in the total mix, P2 is the Per-
centage by weight of 10mm coarse aggregate in the
total mix, P3 is the Percentage by weight of Stone
Dust in the total mix, Pf is the Percentage by
weight of filler in the total mix, G1 is the specific
gravity of 20mm coarse aggregate, G2 is the spe-
cific gravity of 10mm coarse aggregate, G3 is the
specific gravity of Stone Dust, Gf is the specific
gravity of filler.

Air voids percent (AV)

It is the total volume of the small pockets of air
between the coated aggregate particles throughout
a compacted paving mixture, expressed as a per-
cent of the bulk volume of the compacted paving
mixture. The amount of air voids in a mixture is
extremely important and closely related to stabi-
lity, durability and permeability. The following
equation represents the percentage of air voids in
the specimen.

(Gt — Gb)100
Gt

Voids in the Mineral Aggregate (VMA)

VMA is the volume of inter granular void space
between the aggregate particles of a compacted
paving mixture. It includes the air voids and the
volume of the asphalt not absorbed into the aggre-
gate .VMA describes the portion of space in a
compacted asphalt pavement or specimen which is
not occupied by the aggregate. VMA is expressed
as a percentage of the total volume of the mix
Voids Filled with Binder (VFB).

Ps xGmb
Gsb

AV =

VMA = {1— }100

where, Ps = Aggregate content, %;Gsb = Bulk spe-
cific gravity of total aggregat;eGmb = Bulk speci-
fic gravity of mixed aggregate.

Voids Filled with Bitumen (VFB)

VFB is the voids in the mineral aggregate
frame work filled with bitumen binder. This repre-
sents the volume of the effective bitumen content.
It can also be described as the percent of the vo-
lume of the VMA that is filled with bitumen. VFB
is inversely related to air voids and hence as air
voids decreases, the VFB increases.

(VMA—AV)
VMA

where, AV is air voids in the mix and, VMA is the
voids in the mineral aggregate.

VFB =100

Results and Discussion

The optimum binder content for the mix was
found to be 6% since the maximum stability was
found at 6 % of binder content. The obtained value
was further used for the subsequent study. During
the experiment PVC type of plastic waste was also
used but while mixing the shredded PVC plastic
with hot bitumen some gases were coming out of
the mix and hence PVC plastic was not used for
further experiment. The details of volumetric and
mechanical properties are tabulated in the table and
figures below.
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Table 1
Optimum Bitumen Value Calculation
Bulk Spe- Theoretical . . Marshall Stability (kN)
Bitumen | cific Grav- Specific Void Analysis Flow(mm)
content % ity Gb Gravity Gt
(gm/cm®) (gm/cm®) AV (%) | VMA (%) | VFB (%) | Measured Corrected
5 2.195 2.389 8.131 23.046 64.818 10.52 9.40 2.32
55 2.204 2.361 6.673 23.146 71.334 12.14 10.69 2.54
6 2.205 2.334 5.5627 23.508 76.605 13.89 11.95 2.64
6.5 2.200 2.307 4.639 24.076 80.897 12.11 10.70 3.22
7 2.198 2.281 3.638 24,552 85.285 11.56 10.05 3.72
Stability Vs Bitumen Content Bitumen Content Vs Air Void %
13 9.00 ‘
12 8.00 ‘
E § 7.00 — Maxin‘1111116%
z U v N 3 6.00
2, / = 5.00 \.\—\*‘\
5 ‘/ Minimum 9 kN 4.00 +— Minimum 3%
5 200 ‘ \ ‘T
8 2.00 — ! ! ! 1
5 5.5 6 6.5 7 5.0 55 6.0 6.5 7.0
Bitumen content {%) Bitumen content (%)
Fig. 1. Bitumen Content Vs Stability Fig. 4. Bitumen Content Vs Air Void %
Bitumen Content Vs Flow Bitumen Content Vs V.F.B%
jz Maxinu‘ouf nun ‘ 22
E 35 = X g0
£ - 2 _—
g 3.0 ‘ = 75 /
= 2s 77”—T/Mininmm"nnn 70 -~
2.0 - 65
| | | ‘0
5.0 55 6.0 6.5 7.0 5.0 55 6.0 6.5 7.0
Bitumen content {%) Bitumen content (%)
Fig. 2. Bitumen Content Vs flow Fig. 5. Bitumen Content Vs V.F.B %
Bitumen Content Vs V.M.A %
240 The volumetric and mechanic properties of the
% 220 mix were obtained after adding LDPE and HDPE
g 200 - types of plastic at 2%, 4%, 6%, 8%, 10% and 12%
18.0 Mininwum 15%6 . .
oo by the weight of bitumen and the results are tabu-
140 ! lated in the table and figures below.
5.0 5.5 6.0 6.5 7.0
Bitumen content {%)

Fig. 3. Stability Vs V.M.A %
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Table 2
Plastic Waste Calculation
: Bulk Theoretical Void Analysis Marshall Stability (kN)
Type of C\IIZS;;: Specific Specific Flow(mm)
Plastic Gravity Gb | Gravity Gt
% (gm/cm3) (gm/cm3) i~ VMA VFB Measured | Corrected
(%) (%) (%)
0 2.205 2.334 5.53 23.51 76.61 13.89 11.95 2.64
LDPE 2 2.224 2.334 4,72 22.86 79.34 13.02 13.02 2.46
HDPE 2 2.22 2.334 4.89 22.99 78.75 13.34 12.85 2.49
LDPE 4 2.241 2.334 3.98 22.26 82.12 14.76 13.73 2.52
HDPE 4 2.232 2.334 4.35 22.56 80.70 14.58 14.00 2.56
LDPE 6 2.25 2.334 3.58 21.93 83.69 15.35 14.73 2.65
HDPE 6 2.241 2.334 3.98 22.26 82.11 16.39 14.59 2.71
LDPE 8 2.235 2.334 4.22 22.45 81.21 15.44 13.94 2.78
HDPE 8 2.235 2.334 4.24 22.47 81.21 15.39 14.10 2.88
LDPE 10 2.219 2.334 4.93 23.02 78.60 14.43 13.03 3.27
HDPE 10 2.213 2.334 5.17 23.22 77.74 14.37 13.17 3.34
LDPE 12 2.201 2.334 5.71 23.65 75.88 13.04 11.78 4.37
HDPE 12 2.195 2.334 5.94 23.85 75.10 13.23 11.95 4.10
Bitumen Content Vs Stability Bitumen Content Vs V.M.A %
16 26.0
i ] o k| ]
Z 14 B3 ' l\"‘—J ,,f—"/
% 13 —&—HDPE ; 0 R —+—LDPE
% 12 —e—LDPE = 200 HDPE
@ 1; Minimum 9 KN Minimum 1.0 —— ——Minimum
a 160 1 | Mmlmulr 15% ‘
8 14.0 | I ]
0 2 4 6 8 10 12 0.0 2.0 4.0 6.0 8.0 10.0 12.0
% of Bitumen content Replaced by Plastic Waste % of Bitumen content Replaced by Plastic Waste
Fig. 6. % of Bitumen replaced by plastic Fig. 8. % of Bitumen replaced by plastic
waste Vs Stability waste Vs Air void %
Bitumen Content Vs Flow Bitumen Content Vs Air Void %
5.00 oo | | | |
| ‘ | 6.00 - -
B i: B Maximum 4 mm ——% E ?2; ] Masimum 6|"V %{LDPE
E im0 e = who —+—HDPE
E 3.00 TnoeE T s [ Minimum
250 Minimum 2 mm Minimum z:g ; Minimum 3:% e Maximum
2.00 | | m— Maximum 2.00 | |
1.50 ] ! ! ! ! ! ! 0.0 2.0 4.0 6.0 8.0 10.0 12.0
0.0 2.0 4.0 6.0 8.0 10.0 120 % of Bitumen content Replaced by Plastic Waste
% of Bitumen content Replaced by Plastic Waste
. . . Fig. 9. % of Bitumen replaced by plastic
Fig. 7. % of Bitumen replaced by plastic waste Vs Flow waste Vs V.E.B %
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Bitumen Content Vs V.F.B %

85

80
/ ‘\ ——LDPE
73 ~—HDPE
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V.F.B.%

0.0 2.0 4.0 6.0 8.0 10.0 12.0

% of Bitumen content Replaced by Plastic Waste

Fig. 10. % of Bitumen replaced by plastic
waste Vs V.M.A%

Conclusions

— From the investigation on utility of plastic
waste as an additive for bituminous concrete using
wet process of mixing it can be concluded that ad-
dition of plastic improves the Marshall properties
of the mix.

— The Addition of 6% of the LDPE and HDPE
plastic waste improves the stability value of the
bituminous mix which results is the increase in the
toughness of the mix. The roads can withstand
heavy traffic and shows better service life.

— Due to addition of plastic waste the flow va-
lue increases resulting the improvement in the
workability.

— Addition of plastic waste results in decrease
in the air voids which reduces the bleeding of bi-
tumen.

— The volumetric and Marshall properties of
the mix show the acceptable trends and could sa-
tisfy the specified limits.

— This study has a positive impact on environ-
ment and the use of waste plastic in bituminous
concrete is eco-friendly way of using waste plastic
for road construction.
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JOCJIIIKEHHA BUKOPUCTAHHSA IVTACTUKOBUX BIAXOAIB
AK 1OBABKHU JIA BITYMHOI'O BETOHY IIPU 3ACTOCYBAHHI
MOKPOI'O MPOLECY 3MIIIYBAHHA

Merta. [InacTMacoBi BiIXOAH CTaIH CEPHO3HOIO EKOJIOTIYHOIO MPOOIEMOI0, BUKIMKAHOIO X €KCIIOHEHIIaJIbHUM
pOCTOM 4epe3 MIBUAKY ypOaHizalito. B sikocTi BupilieHHS NpoOJieMH BUKOPHUCTOBYIOTBCS BIIXO/AW JUIS CTBOPEHHS
MIIHOT TOpOXHBOT MTOBEpXHi. J[yIs1 3MillyBaHHS IUIACTUKOBHX BiIXO/IB i3 GITYMOM B)XXHBAIOTHCSI CyXHMH Ta BOJIOTUH
npouecu. Cyxuil mporec 3MilIyBaHHS IUTACTUKOBHMX BiIXOJIB 13 OITYMHOIO CYMINIIIIO € HaHOLIBII MOIMIMPEHHM,
TIPOBOJMUTHCS 6AraTo JOCIHIKEHb MO0 HOTO 3aCTOCYBaHHIO. MeTOr0 1TaHOT POOOTH € JTOCHTIKEHHS TIIACTUKOBHUX BiJI-
XOMIB y SAKOCTI [00aBKM mis OiTyMHOro OETOHY 3 BHKOPHCTaHHSAM MOKPOTO TIPOIECY 3MiITyBaHHS.
Metoauka. TexHooris miei po6oTu Oyna po3podieHa B X0i KOMIIEKCHOTO JOCTiPKEHHs, Sika B TOMY YUCIi BH-
Byae cknajx Gitymuoi cymimi Marshall. Jlanuii koMIoOHEHT momaBaBCs 0 IUIACTMACOBUX BiaxofiB. Moaudikariis
6iTyMy, OTpHMaHa NPH BUKOPHUCTAHHI MOKPOTO IPOIeCy 3MiITyBaHHS, BUIPOOOBYyBajacsd Ha JOCITITHUX 3pa3Kax.
Amnani3 pe3ynbTaTiB TaKoX HpeACTaBIsABCsA y (GopMi Tabiuii Ta MalIOHKIB. Y Hiil poOOTi 11 nepepobku OiTymy
BUKOPHUCTOBYIOThCS mojieTmiieHoBi Binxoan LDPE i HDPE. PesyabsTatn. OTpumaHni pe3ysibTaTH IOKa3ylOTbh, IO
noxaBaHHs 6 % OiTymy nokpaugye BaacTuBocTi cymimi Marshall. Bukopucranns miactuka s Mmoaudikauii Oity-
MY HE TIIbKH pOOHMTH JOPOXKHIO ITOBEPXHIO O1bILI JOBrOBIYHOIO, aJle TAKOX € €KOJOTIYHO YHCTUM CHOCOOOM mpa-
BWJIBHOT yTWITi3alii IiIacTUKOBUX BinxoziB. HaykoBa HoBu3HA. Po3IIMpeHo ysBIEHHS MPO NepeBary BUKOPHCTaH-
HS IJTACTHKOBMX BIIXOJIB y SIKOCTI KOMIIOHEHTIB OITYyMHOTr0 OETOHY IIPH 3aCTOCYBaHHI MOKpPOrO HpOLECY 3Milly-

doi 10.15802/stp2017/114319 © Anurag V. Tiwari, Y.R.M. Rao, 2017

90


https://doi.org/10.1016/j.matdes.2014.04.046
https://orcid.org/0000-0002-5185-0377==

ISSN 2307-3489 (Print), ISSN 23076666 (Online)

Hayka Ta nporpec Tpancropry. Bicuuk J[HinponerpoBcsKoro
HaI[iOHAIBHOTO YHIBEPCUTETY 3aJli3HUYHOTO Tpancnopty, 2017, Ne 6 (72)

TPAHCIIOPTHE BYJIBHUIITBO

BaHHS. Y TOW K€ Yac aBTOPH IiJKPECTIOIOTh, IO B JaHii poOOTI MOKpHWIl IpoIec 3MIlTyBaHHS IIe HE BUBYCHUH
y noBHOMY oOcsi3i. IlpakTuyna 3HaumMicTh. [IpakTUuHe 3acTOCYBaHHS YTHIi3allil IUIACTUKOBUX BIAXOMIB IS
Moudikanii 6iTymy B OITyMHIHM CyMilli HiJIBUIY€E 3HAYEHHS CTaOUIBHOCTI, O MPU3BOAUTH 10 OLNBII MIlHOT J0-
poxHbOi oBepxHi. Kpim Toro, Metoy 3a0e3mnedye Hale)XHy yTHITI3AL[IO IIACTHKOBHUX BIIXO/IB €KOJOTIYHO Oe3red-
HHUM CIIOCOOOM.

Kniouosi cnosa: TIacTHKOBI BiZIXOJU; MMOBTOPHE BUKOPHUCTAHHS BiIXOJIB; JOPOKHE OYIiBHUIITBO; achanbrode-
TOH; MOKpPHI IIPOLIEC
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NCCIEJOBAHHUE UCIHOJIB30OBAHUA IIVTACTUKOBBIX
OTXOA0B B KAYECTBE 1OBABKU J1JIA BUTYMHOI'O
BETOHA 1P IPUMEHEHHUU MOKPOI'O ITPOLHECCA
CMENLINBAHUA

Hean. [InacTMaccoBbIC OTXOMABI CTAH CEPHE3HON 3KOIOTMYCCKOM MPOOIEeMOH, BEI3BAHHON HUX 3KCIIOHCHI[HAIb-
HBIM POCTOM H3-3a OBICTpOH ypOaHH3anuu. B xauecTBe pemeHus mpobaeMbl HCHIOIB3YIOTCS OTXOJBI TSI CO3MaHUL
MIPOYHON JOPOKHOW MOBEPXHOCTU. [l CMENIMBaHUs TUTACTUKOBBIX OTXOJIOB C OUTYMOM YMOTPEONSIOTCS CyXOl
U BIaXHBIH nponecchl. CyXoif Mporece CMEMIMBaHUS TUIACTHKOBBIX OTXOA0B ¢ OUTYMHON CMECHIO SBIIICTCSI HAN0O0-
Jiee pacTpOCTPaHSHHBIM, TPOBOIUTCS MHOTO HUCCIIEIOBAaHHUM O €ro MPUMEHEHHUI0. B maHHOH paboTe Hembio SBIIeT-
Csl HCCIIEZIOBAaHNUE TUIACTHKOBBIX OTXOJIOB B KauecTBe MOOABKU IUIsi ONTYMHOTO OETOHA C MCIIOJIB30BAHUEM MOKPOTO
mporecca cMmemmBaHus. Mertoanka. TexHONIOTHS HacTosmIeH paboThl OblIa pa3paboTaHa B X0JA€ KOMIICKCHOTO
HCCIIeIOBaHMs, B TOM YHMCIe HM3ydaroiero cocraB doutymuoit cmecu Marshall. Jlaunbiii koMmoHeHT mo6aBisiCcs
K TUIACTMACCOBBIM O0TX0AaM. Momudukanus OutyMma, IOJTydIeHHAs MIPH HCIIOIB30BAaHUHA MOKPOTO IpoIecca CMEIIn-
BaHUs, HCHBITHIBAJIACh HA OMBITHBIX OOpa3max. AHaIu3 pe3yiIbTaTOB TaKkkKe NMPEACTABISICA B (opMme TaOIHIBI
U pucyHKOB. B Hacrosmeil pabore st mepepabOTKM OMTyMa HCIOJIB3YIOTCS MOJIMATHICHOBbIE oTxoabl LDPE
u HDPE. Pe3yabTaThl. IlomydeHHbIe pe3yabTaThl MOKA3bIBAIOT, YTO Jo0aBieHUe 6 % OUTyMa yaydIiaeT CBOWCTBA
cmecu Marshall. Hcnons3oBanune mractuka it MOAU(UKAINE OUTYMa HE TOJBKO JIENIaeT JOPOKHYIO TIOBEPXHOCTh
6oJiee OITOBEYHOM, HO TAaKXKe SBIIAETCS KOJOTMYECKH YHUCTBHIM CIOCOOOM MPaBHIBHON yTHIIM3AalUH IIACTHKOBBIX
otxon0B. HayuyHass HoBu3HA. PacimpeHo npencTaBieHue O MPEUMYIIECTBE NCIONb30BaHMUS IIACTUKOBBIX OTXO/I0B
B KauecTBE KOMIIOHEHTOB OMTYMHOro 0OeTOHa NpH NPUMEHEHHH MOKPOTO Ipoliecca cMelnBaHus. B To sxe Bpems
aBTOPBI NOAYEPKUBAIOT, YTO B HACTOSAIIEH paboTe MOKPBIH ITPOIIECC CMENIMBAHMS €Ille He H3YYeH B MOJIHOM 00beMe.
IIpakTHyeckas 3HAYNMOCTD. [IpakTHUecKOe NPUMEHEHNE YTHIIU3ANH TUIACTUKOBBIX OTXOJ0B /Uil MOAN(UKAIINT
OuTymMa B OMTYMHOH CMECH MOBBIIIAET 3HAUCHUSI CTAOMIILHOCTH, YTO TPUBOJUT K MCIIOJIb30BaHUIO Oojee MpOoYHOi
JIOPOXKHOHM TToBepXHOCTH. Kpome Toro, Meros obecrneunBaeT Ha UISKAILyI0 YTHWIIM3AIHIO IUIACTUKOBBIX OTXOIOB
9KOJIOTUYECKH OE30IacHBIM CIIOCOOOM.

Kntouegvle cnoga: TINACTUKOBBIE OTXOMbBI; HMOBTOPHOE HCIONB30BAaHHE OTXOJOB; JOPOXKHOE CTPOUTEIHCTBO;
ac(hanbTOOETOH; MOKPBIH MpoIIecC
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