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Abstract. The object of study is a cement composite material with powdered utilized optical
discs. The objective is to establish the dependences of the main strength characteristics — compressive
strength, bending strength, and density — on the amount of waste added into the mixture and the water-
cement ratio.

The compositions of the mixtures for the production of the cement composite material samples
consisted of the following components: cement, sand, powdered waste in the form of utilized optical
discs and water.

Based on the results of testing the samples, mathematical models have been developed which
describe the dependences of the physical and mechanical properties of the cement composite material
samples on the fraction of waste and water-cement ratio. It was found that with an increase in the
amount of powdered waste added into the mixture, it reduces the compressive strength, bending
strength, and density of the samples under study, however, the optimization of the water-cement ratio
makes it possible to obtain equal strength compositions with a different fraction of waste.

Component compositions of cement composite material mixtures with the addition of powdered
utilized optical discs in the amount of 10 to 25 % of the total filler mass, which can provide construction
products with a compressive strength class B20, are presented.

Keywords: cement composite material, optical disc, water-cement ratio, compressive strength,
bending strength, density, waste utilization.
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HEMEHTHBIE CTPOUTEJIBHBIE U3IEJINA C UCIIOJIb3OBAHUEM
MN3MEJIBYEHHBIX OIITHYECKUX ITUCKOB B KAYECTBE
SAITIOJIHUTEJIA

Annomayun. O6veKmom ucciedo8anus AGIAEMC YeMeHMHbII KOMROSUYUOHHBII MAMePUa ¢
0obasneHueM  YMuauupyemuix — onmudeckux —ouckos. Llenv  uccrnedosanua:  ycmanogneHue
3a8UCUMOCTIEl] OCHOBHBIX NPOYHOCTNHBIX XAPAKMEPUCTUK — APOYHOCMU HA Cocamue, NPouYHOCMU HA
u32ub u NIOMHOCHU — OM KOIUHECTNEA 6800UMbIX 8 CMEC OMX0008 U B0OOYEMEHINHO20 OTMHOUEHUSL.

Cocmagwl cmecelli 01 U320MOGNEHUA 00PA3YOE YEMEHMHO20 KOMNOZUYUOHHO20 Mamepuaid
COCMOAU U3 CHeOYIOWUX KOMNOHEHMO8: YeMeHm, MNecoK, U3MelbUeHHble OmXo0bl 6 8ude
VIMURUSUPYeMBIX ONIMULECKUX OUCKO8 U 800d.

Ilo pesynvmamam ucneimanuii 06pasyos OvLIU paspabomarvl mamemamuyecKue Mooel,
onucvlearowjue  3A8UCUMOCY  (DUBUKO-MEXAHUYECKUX — CB0UCmSE  00pasyo8  YemeHmHO20
KOMNO3UYUOHHO20 MAMEPUANA Om 00aU OMX0008 U 8000YEMEHMHO20 OMHOUWIEHUS. YCmMAaHo6IeHo, 4mo
¢ yBenuueHuemM KOIU4ecmed 6800UMbIX 8 CMECh USMETbYEHHBIX OMX0008 CHUNCAEMCS NPOYHOCMb HA
colcamue, NPOYHOCMb HA u32UO U NIOMHOCMb UCCAEOYeMbx 00pasyos, O0OHAKO ONMUMUBAYU
B000YEMEHMHO20 OMHOWEHUSA NO360JA€Mm NOLYYUMb PAGHONPOUHbIE COCABbL C PA3IUYHOU O0/ell
0mx0008.

Tlpedcmasnenvl KOMNOHEHMHbIE COCMABbL CMeCell YeMEHMHO20 KOMNOZUYUOHHO20 Mamepuad
¢ 0obagsneHueMm U3MeNbYeHHbIX YIMUTUZUPYEeMbIX ONMUYECKUx ouckos 6 konuvecmee om 10 oo 25 % om
obweli maccvl 3anoaHumens, Komopwvle Mo2ym obecneduums NOAYYEHUe CMPOUMETbHbIX U30enull ¢
Kraccom npounocmu Ha cocamue B20.

Knroueevie cnosa: yemeHmHbulll  KOMNOSUYUOHHLIL — MaAmepudn,  ONMUYeCKUll  OUCK,
6000YeMeHMHOe OMHOUEeHUE, NPOYHOCHIb HA CHCAmuUe, RPOYHOCHb HA U32U0, WIOMHOCMb, YMUIU3AYUS
0MxX0008.
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Introduction

Despite the decline in the popularity of optical storage media, nowadays they are a significant
part of the market of storage media and still have a wide range of usage in various life spheres. There
are reasons to believe that in the near future their production and usage will not be stopped. In this
regard, the question of their secondary use and recycling arises, because a significant number of discs
to be disposed have already stored. According to approximate estimates, at present, the number of
op3tica| discs in the world to be disposed of is 250 billion discs or 3.9 million tons (about 3 million
m®).

Optical discs are a polycarbonate base with the thickness of 1.2 mm and the diameter of 120
mm, covered with a thin layer of metal protected by a layer of varnish or paint. The properties of
optical polycarbonate used for the production of discs make it possible to consider it as a valuable
secondary raw material for the production of polycarbonate and other polymeric materials [1-4],
however, optical transparency is lost during recycling, which does not allow using it for the
production of new optical discs.

Existing methods for the utilization of optical discs involve their recycling into raw materials
for the production of lower-quality polycarbonate materials [3, 4]. However, in this case, the
presence of impurities, such as paint, varnish, metal film, in the waste is unacceptable, because they
affect negatively the quality of the final product. At the same time, the process of separating
impurities from polycarbonate makes the recycling of discs technologically complex and energy-
consuming, while the issue of using stored waste remains open.

According to the authors, a more rational solution to the problem of disc utilization may be to
use them in powdered form for partial replacement of fine filler in concrete [5].

According to the waste classifier, the main component of the optical disk composition,
polycarbonate, belongs to hazard class V, which makes it possible to use recyclable discs as an inert
filler in a cement composite material, like other powdered industrial waste fillers [6-14]. It should be
noted that in the case of the utilization of optical discs in the production of fine-grained concrete,
they do not require thorough cleaning from aluminum film and other impurities. Thus, the proposed
utilization method may be less energy-consuming and more economically effective.

The idea of using powdered optical discs as a filler in concrete is not new [15-18], however, in
this paper, it is proposed to use powdered waste as an alternative to building sand, without using
coarse filler, for example, gravel or crushed stone.

Thus, in this work, the object of study is a cement composite material with the addition of
utilized optical discs. The subject of study is compressive strength, bending strength and density of
the samples under study.

The aim of the study is to assess the possibility of using utilized powdered optical discs as a
partial replacement of filler in cement composite material; defining the dependences of the main
strength characteristics of concrete — compressive strength, bending strength, and density — on the
amount of waste added into the mixture and the water-cement ratio; obtaining recipes and
technologies of the production of cement construction products using powdered optical discs as a fine
filler with strength characteristics which meet current technical standards.

Methods

The mixtures compositions for making cement composite material samples were made from
the following components: cement, sand, powdered optical discs waste and water.

Portland cement M500 produced by OAO Sebryakovtsement (Mikhailovka) was used as a
binder. The amount of cement was taken to be constant in a ratio of 1: 3 by weight to thefillerfor all
component compositions of the mixtures.

Quartz sand with a fineness modulus of 1.0 (very fine according to GOST 8736-93) from a
local field (Krasnensky quarry in the Tambov region) was used as a fine filler.
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Waste in the form of powdered optical discs was added instead of sand in an amount from 0
to 50 % of the total weight of the filler (table 1). In the experiment, it was decided to use fractions of
0.315 — 2.5 mm, because this fraction is formed in the greatest amount during powdering of discs in a
knife grinder. To obtain a finer fraction, it is necessary to increase the grinding time, which
significantly increases the energy consumption of the technology.

In the process of preparing cement-sand mixtures, the amount of water (GOST R 51232-98)
was taken depending on the water-cement ratio (table 1).

Table 1 - Variation intervals of factors x; and x»

Factors Variation levels
-1 0 +1
The proportion of powdered optical discs waste from the filler 0 0.25 0.5
weight (factor xi)
Water-cement ratio(W/C, factor x») 0.45 0.55 0.65

Dispersion of the mixture components and compaction during molding was carried out
manually.

To carry out tests for central compression and bending, samples in the form of
40x40x160 mm bars were made. After 24 hours, the samples were removed from the molds, and their
strength increase continued under the conditionsfor 27 days: temperature 20 °C + 2 °C, air humidity
90 % £ 5 %.

The experimental determination of the samples compressive strength under central
compression and bending was carried out according to the methods of GOST 10180-2012. The
density of the samples was determined according to GOST 12730.1-78.

Results and Discussion

Based on the data obtained as a result of testing the samples, mathematical models have been
developed that describe the dependences of the physical and mechanical properties of the samples of
cement composite material on the above factors. One of the important results of the experiment is the
ability to select the most optimal values of the mixture factors x; (fraction of waste from the weight
of the filler) and x, (water-cement ratio).

Thus, mathematical models of the dependences of compressive strength Y1, MPa, bending
strength Y2, MPa, and density Ys, kg/m® were constructed, which, after excluding insignificant
coefficients, have the form:

Y, = 25.52 — 4.28x, — 0.81x, +1.29x,x, —1.29x,° —1.38x,°,
Y, = 4.32-1.41x, +0.54x,x, +0.44x,,

Y, =1962.8 — 256.9x, + 4.3x, +36.1x,X, +5.8x,
where factors x1 and x. are presented in coded values (table 1).
Graphical interpretations of the presented models are shown in figures 1-3.
In the absence of waste (x2 = —1), equation (1) will take the form:

Y, = 28.51-2.1x, —1.38x,’,
The function has an extremum at x3 = — 0.761 (W/C = 0.47) and takes a value equal to R, =
29.31 MPa, which can be taken as the reference compressive strength. This component composition

corresponds to the bending strength Ryr = 5.81 MPa (reference bending strength) and density pr =
2249 kg/m? (reference density).
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Figure 1 — The dependence of the cement material samples compressive strength on the proportion of waste x1 and
water-cement ratio Xz: @) X2 = const, b) X1 = const:
1-x,=0.45,2-x,=0.553-x=0.654-x=05-x1=0256-x1=0.5
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Figure 2 — The dependence of the cement material samples bending strength on the proportion of waste x: and water-
cement ratio Xz: @) X2 = const, b) x1 = const:
1-x= 0452 X2 = 0553 X2 = 0654 X1 = 05- X1 = 0256 X1 = 0.5
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Figure 3 — The dependence of the cement material samples density on the proportion of waste x1 and water-cement
ratio x2: @) X2 = const, b) x1 = const:
1-%x=045,2-x,=0553-x=0654-x=0.5-x=0.256-x,=05
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While maintaining the above W/C, the addition of powdred waste leads to a decrease in
compressive strength. For example, the addition of waste in an amount of 0.10 of the filler weight
leads to a slight decrease in strength by 4.4 % (from 29.31 to 28.01 MPa); at 0.30, the decrease is
17.5 % (from 29.31 to 24.17 MPa); at 0.50 — 36.3 % (from 29.31 to 18.68 MPa).

It should be noted that an increase in the proportion of waste shifts the optimal value of W/C
upwards. If, for samples without waste, this ratio is 0.47, it is 0.49, 0.53 and 0.57, respectively for
compositions with a waste fraction of 0.10, 0.30 and 0.50. The increase in the optimal value of the
water-cement ratio during the addition of waste is explained by the fact that its actual value with a
constant W/C and an increase in the waste fraction decreases, because due to the low bulk density of
the waste (approximately 700 kg/md), the total mass of a filler and cement in the mixture is reduced.

A decrease in the water-cement ratio in the samples with waste leads to a decrease in bending
strength and density, because, perhaps, the actual amount of water is not enough to distribute it
evenly in the mixture volume, as a result of which the material porosity increases and the adhesion of
particles to each other decreases. So, with a waste fraction of 0.5 by weight of a filler, an increase in
the water-cement ratio from 0.45 to 0.65 leads to an increase in bending strength by 102 % (from
1.93 to 3.89 MPa), and density by 4.8 % (from 1671 to 1752 kg/m®).

In the analysis of the results, it was found out that, all other conditions being equal, the
addition of waste in the form of powdered optical discs reduces the strength of the cement composite
material.

Nevertheless, an increase in the water-cement ratio to the optimum value of W/C =0.51 in
samples with a waste fraction of 0.20 from the filler weight makes it possible to approach the sample
compressive strength to the value of the reference strength of the sample without waste (the decrease
is 8.9 % from 29.31 to 26.53 MPa). It should be noted that there is a decrease in density by 10.3 %
(from 2249 to 2016 kg/m®) and cement consumption by about 11.3 % (from 530 to 475 kg/m®).

The possibility of using the maximum possible amount of waste without significant
deterioration of the physical and mechanical properties of fine-grained concrete is noteworthy. So,
with a waste fraction of 0.30 (W/C = 0.53), the compressive strength decreases by only 15.8 % (from
29.31 to 24.67 MPa), and the bending strength decreases by 32.3 % (from 5.81 to 3.93 MPa), while
the density decreases by 15.1 % (from 2249 to 1909 kg/m®), which leads to a decrease in cement
consumption by 15.1 % (from 530 to 450 kg/m?).

Obviously, a further increase in the waste proportion becomes impractical, because the
compressive and bending strengths are significantly reduced.

It is possible that the optimization of the granulometric composition of the powderedwaste
and the addition of a plasticizer will improve the strength characteristics of the material and increase
the proportion of waste added into the mixture, which necessitates additional studies.

Based on the presented experimental studies, the following component compositions of fine-
grained concrete with the addition of powdered optical discs with filler-binder ratio of 3 : 1 by weight
(table 2) can be determined, while the same strength characteristics can be achieved with different
component compositions .

Table 2 — The physical and mechanical properties of the cement composite material with a
filler in the form of powdered optical discs

Ne composition | Waste fraction | W/C | Rcompr, MPa | Rpend, MPa | p, kg/m® | Concrete bending strength grade

1 0,00 0,47 - 5,8 2249

2 0,05 049 | ~20 54 2187 B22,5

3 0,10 0,49 ~280 51 2129

4 0,15 0,50 ' 4,8 2072 B20

5 0,20 0,51 ~ 260 4,5 2016

6 0,25 0,52 ' 4,2 1962

7 0,30 0,53 ~ 245 3,9 1909

8 0,40 0,55 ~225 3,5 1811 B15

9 0,50 0,57 ~ 20,0 3,1 1720
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After additional studies of the properties of the cement composite material with the addition
of powdered optical discs, these component compositions can be used for the manufacture of
products or as monolithic materials:

— floor screed (additional definition of abrasion when used as a topcoat);

— paving slabs (additional definition of water absorption, frost resistance and abrasion);

— wall blocks (additional definition of fire resistance and heat resistance for internal walls;
additional definition of water absorption, frost resistance and thermal conductivity for exterior walls).

In the production of 1 m® of cement composite material with a waste fraction of 0.30 of the
filler weight, 0.544 m® of powdered optical discs (approximately 20 thousand pieces) can be utilized.

Conclusions

1. Partial replacement of building sand in a cement composite material with powdered optical
discs in a fraction of 0 to 50 % by weight of a filler leads to a decrease in the strength of the samples,
however, optimization of the water-cement ratio allows obtaining equal strength compositions with a
different proportion of waste.

2. The compressive strength of the samples of cement composite material with a fraction of
waste of 20 % is 26.53 MPa, which is only 8.9 % lower than the strength of samples without waste.

3. The bending strength largely depends on the water-cement ratio: at W/C = 0.45 and a waste
fraction of 0.25 on the filler mass, the bending strength decreases by 33 % (from 5.81 to 3.88 MPa) ,
with a fraction of waste of 0.5, the decrease is 67 % (from 5.81 to 1.93 MPa); with an increase in
water-cement ratio to 0.65 in samples with waste, the decrease is 18 % (from 5.81 to 4.76 MPa) and
33 % (from 5.81 to 3.89 MPa) with a waste fraction of 0.25 and 0.5, respectively.

4. The density of the samples decreases linearly with an increase in the fraction of waste: with
a percentage of waste 0.5, the decrease is 26 % (from 2249 to 1671 kg/m®).

5. The compositions of mixtures of cement composite material with the addition of powdered
utilized optical discs in an amount of 10 to 25 % of the total mass of filler and a water-cement ratio of
0.47 to 0.52 can provide construction products with a compressive strength class of B20.
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