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Abstract. The article presents the results of studies on the development of fiber-reinforced concrete using
composite binders and basalt fibers obtained in an experimental plasma reactor. To reduce the negative impact of
Portland cement on the mineral fiber, composite binders based on Portland cement and fly ash were used in the
study. To reduce the normal density in the composition of the binder, a polycarboxylate type superplasticizer was
used in the work. The microstructure of cement stone was studied using SEM and IR-spectroscopy. The
compressive strength was tested on cubes with an edge of 100 mm according to EN 12390-6, flexural strength —
on prisms with a size of 100x100x500 mm according to EN 12390-3. The optimum content of fly ash (30 %) in the
composite binder is evaluated, which allows to obtain high mechanical properties. It was revealed that the combined
use of composite binder and fiber leads to an increase in compressive and flexural strength of fiber concrete. With
the addition of fly ash, both hardening of the structure of the cement stone and a decrease in the alkaline effect of
the basalt fiber binding on the surface are observed. Infrared spectroscopy of cement systems showed a change
in the phase composition and a decrease in the basicity of the resulting calcium hydrosilicates upon addition of fly
ash into the composition binder.

1. Introduction

Despite the proven effectiveness of fiber-reinforced concrete in comparison with traditional reinforced
concrete [1-5], their use is quite rare in construction practice. This is due, inter alia, to the fact that for some
types of fiber there is insufficient information about the possibility of its use in certain conditions. In particular,
the study of mineral fibers remains relevant, due to the high mechanical properties of individual fibers and a
lower density of these fibers compared to steel fibers [6-9]. However, Rybin [10] and Monaldo [11] report that
mineral fibers corrode upon contact with the alkaline environment of Portland cement.

Alkaline solutions, which cause corrosion, affect basalt fiber, as well as glass fiber, which in turn leads to
fiber destruction [12]. The resulting loss of strength causes the destruction of the composite under load during
operation. Wei et al [13] proved that the alkali resistance of basalt fiber is higher than that of E-class fiber glass.
There are differences in corrosion resistance of basalt fiber and fiberglass from E-class components, although
the main components, SiO2 and Al2Os, are the same for the two types of fibers. E-glass fiber has a much larger
contribution from CaO and B20s, while Fe20s and FeO are found only in basalt fiber [14].

Analyzing various approaches to solving the problem of preserving mineral fiber from the action of an
alkaline medium, it can distinguished the main areas: the use of alkaline-free binders [15—-18] and low-alkaline
binders [19-22], the use of additives that reduce the alkalinity of the binder [23, 24], modification of fiber
surface [25, 26], modification of fiber microstructure [27—-30]. According to this classification, the objects of
influence can be either individual fibers or fiber-reinforced concrete, and the feasibility of applying a specific
method of protection from an alkaline environment is determined by the feasibility study. To protect the mineral
fiber from the negative effects of the environment of Portland cement, the study decided to use fly ash to obtain
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a composite binder (CB), the effectiveness of which was previously proven, for example, for resistance of
glass fiber [31, 32].

The scientific novelty lies in the use for dispersed reinforcement of concrete the mineral fiber obtained
by the electrothermal method in a plasma-arc reactor and different from the known types of mineral fibers
(basalt roving, thin staple fiber) with lower energy consumption during production.

The purpose of the article is to develop basalt fiber concrete and study their mechanical properties and
corrosion resistance of fibers obtained by the electrothermal method.

2. Materials and Methods

The studies used follow materials: Portland cement (OPC) CEM | 32.5 N (Spasskcement, Russia), fiber
based on basalts of the Selendum deposit (Russia) and fly ash.

Composite binders were obtained by joint grinding of fly ash (0-50 % by weight of the OPC) with
Portland cement to a specific surface area of 430-450 m%/kg. To reduce the water-binding ratio and increase
the physicomechanical parameters of CB, Sika Viscocrete 5 New (Switzerland) in the amount of 0.6 % by
weight of the binder was added into its composition with mixing water.

Fly ash obtained by burning coal at the Gusinoozersk thermal power plant (Russia). The results of
determining the main characteristics of fly ash show that it can be used without restrictions for the production
of building materials and products (Table 1).

Table 1. The main characteristics of fly ash.

Characteristics ASTM C618 — 19 requirements Value obtained
Free calcium oxide content, wt. % <10 0.05
Magnesium oxide content, wt. % <5 1.9
Total content oxides of silicon, aluminum and iron, wt. % =70 84.97
Sulfur and sulfate compounds content, wt. % <3 0.34
Alkaline oxides content, wt. % <3 2.7
Specific surface area, m?/kg 2300 350

Fiber production was carried out in the experimental reactor, the design features of which made it possible
to obtain a pure melt, free of occluded gases and reduced metals, which makes it possible to produce better
products. Thus, it was possible to organize the smelting mode in one stage, consisting of combined heating of
raw materials. At start-up, plasma-electric arc heating and melting of the raw material occur, and subsequently,
as the melt is melted and a conductive cup is formed, the raw materials are added and current flows through the
molten aluminosilicate mass, with its simultaneous electromagnetic stirring and homogenization using
electromagnets connected in series, which is significantly reduces the time required to reach the operating mode
and reduces the energy intensity of production. The required power required to obtain a melt with a bulk weight
of up to 150 kg/h is 1.1-1.3 kW/kg (for comparison, the consumed power of working induction furnaces is
6 kW/kg) [33, 34]. The obtained mineral fibers have the following characteristics: average fiber diameter — 10 pm,
tensile strength — 1350 MPa, heat resistance — 600 °C.

The microstructure of fiber cement compositions was determined using a Jeol JSM 6510 LV scanning
electron microscope (Japan) with a magnification of x1000. The phase composition in the entire chamber was
studied by IR analysis using an IR-Fourier spectrometer IRAffinity-1 (Shimadzu, Japan).

Concrete cubes of dimensions 100x100x100 mm were prepared for compressive strength test at the
age of 2, 7 and 28 days for all mixes. The concrete specimens were unmolded after 24 hours of casting and
then immersed in curing tank at room temperature and relative humidity at 65 £+ 5 % until the age of testing.
This test was carried out using a Shimadzu (Kyoto, Japan) tester machine with a capacity of 200 kN according
to EN 12390-3. Flexural strength of the prisms with an edge length of 100x100x500 mm specimens was tested
according to EN 12390-6.

3. Results and Discussion

The test results showed that the use of fly ash in the composition of composite binders leads to a change
in normal density, setting time and physicomechanical parameters (Table 2, Figure 1).

Table 2. Physico-mechanical characteristics of composite binders with a water-binder ratio of 0.4.
CBs with the SP at ash content, wt. %

Parameter Control specimen (OPC)
10 30 50
Standard consistence, % 27 25 24 28
Initial setting, min 140 150 160 90
Final setting, min 300 320 330 245
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Figure 1. Compressive strength of composite binders at the age of 28 days.

The high content of SiO: in the fly ash (57 wt. %), when grinding with Portland cement leads to the
activation of a composite binder. Fly ash acts as an active mineral additive, participating in the structure
formation of cement stone. However, due to the fact that ash increases water demand, this effect is
compensated by the addition of superplasticizer. Moreover, as can be seen from Figure 1, the addition of
superplasticizer leads to an increase in compressive strength of composite binders by 10-15 %. In addition to
the water-reducing effect, which helps to increase the mechanical characteristics of cement stone,
superplasticizer significantly affects the processes occurring in the cement system through various effects,
which was described by the authors earlier [28, 29]. In particular, the molecules of surfactants, adsorbed on
the surface of the particles, reduce surface energy, while there is a partial saturation of free chemical bonds
on the surface of the solid phase, preventing adhesion.

The change in the mechanical properties of fiber concrete occurs due to the directed formation of the
structure and increase the corrosion resistance of the fiber by reducing the alkalinity of the binder. SEM results
showed a change in the microstructure of Portland cement and a composite binder with basalt fiber in an
amount of 4 wt. % at the age of 28 days (Figure 2).
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Figure 2. SEM images (x1000) of the surface of Portland cement with basalt fiber (a)
and the composite binder with basalt fiber (b) at the age of 28 days.

Analysis of the microstructure allows us to conclude that the fiber surface in the sample with conventional
Portland cement contains inclusions indicating the interaction of the fiber and Portland cement. This leads to a
decrease in the reinforcing effect, in comparison with the composition of fiber concrete with a composite binder. The
addition of fly ash contributes to the directional formation of a high-strength stone structure from low-basic calcium
hydrosilicates and a decrease in the content of calcium hydroxide. Reducing the content of calcium hydroxide helps
to maintain the surface strength of the mineral fiber and high mechanical properties. The change in the phase
composition of the cement stone is confirmed by IR spectral analysis (Figure 3).

An analysis of the IR spectra showed that with the addition of fly ash there is a change in the intensity
of the absorption band in the frequency range 1000-1100 cm-1, which correspond to vibrations of Si-O bonds,
which is associated with the formation of calcium hydrosilicates. This indicates a change in the process of
hydration of Portland cement with the addition of fly ash and the formation of an additional amount of calcium
hydrosilicates. The shift in the frequencies of the absorption bands corresponding to calcium hydrosilicates
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also suggests that the resulting structures with the use of the CBs differ from the traditional ones in the direction
of increasing the number of low-basic hydrosilicates.
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Figure 3. IR spectra of cement stones: on Portland cement (a) and on the CB (fly ash — 30 %) (b).

Development of fiber-reinforced concrete using the composite binder with an ash content of 30 wt. %
and basalt fiber in an amount of 4 wt. % led to an increase both in compressive and flexural strength by 10—
15 % (Figure 4).

The high mechanical properties of fiber-reinforced concrete are due to the reinforcing effect of basalt
fibers, which is manifested to a greater extent in compositions with a compaosite binder.
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Figure 4. Effect of basalt fiber on compressive strength (a) and flexural strength (b)
of fiber-reinforced concrete.

4. Conclusion
Based on the results obtained, the following conclusions can be drawn:

— the effectiveness of the use of basalt fiber obtained by the innovative electrothermal method (provided
that the alkaline environment of the cement stone is reduced) has been proved;

— the reduction of the negative effect of alkaline medium on the mineral fiber was shown by the
composition of fiber concrete using fly ash, in addition, showing higher both compressive and flexural strength
due to the binding of additional Ca(OH)2;

—the study of the cement stone microstructure and IR spectroscopy allow us to conclude that the
addition of fly ash contributes to the directional formation of a high-strength stone structure from low-basic
calcium hydrosilicates and a decrease in the content of calcium hydroxide;

—the use of fly ash in the binder helps to increase the corrosion resistance of the mineral fiber and
maintain the reinforcing effect of its addition.

Given the low energy intensity of the equipment for producing basalt fiber using the electrothermal
method (proved earlier in [35]), this technology can be competitive. After additional calculations, fiber
production can be implemented in industrial volumes.
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CHWXeHMe Wwerno4vHom kopposnmn 6asanstoBon dnbpbl B 6€TOHE

J1.A. YpxaHoea?®, C.A. JixacapaHoe?, C.J1. ByssHmyee?, P.C. ®edrok’", A.B. TackuH®

a BocmoyHo-Cubupckull 20cydapcmeeHHbIU yHU8epcumem mexHosi02ull u yrpaseHus, 2. YnaH-Y0s, Poccusi
b lanbHesocmouHbili @edeparnbHbili YHusepcumem, 2. Bnadueocmok, Poccusi

* E—mail: roman44@yandex.ru

KnioueBble cnoBa: (vGpoapMUpoBaHHble MaTepuarnbl, (PUOPOOETOH, LLEMEHTbI, LIEeMEHTHbIE KOMMO3WThI,
BSUKYLLME, GETOHBI, MEXaHOAKTMBaLWSA

AHHOTauusa. B cTatbe npeacTaBneHbl pesynbTaTbl MCCNeaoBaHWMW MO nonyydeHuo cubpobetoHa c
NCMNOMb30BaHNEM KOMMO3ULMOHHBIX BSKYLLUMX 1 ©6a3anbTOBbIX BOIOKOH, MOJTYYEHHbIX B SKCNEPMMEHTaNIbHOM
nnasmeHHoM peaktope. [NA CHWXeHUA HeraTMBHOIO BO3AEWCTBUA cpedbl nopTrnaHaueMeHTa Ha
MUHeparnbHOe BOJIOKHO B MCCMedoBaHMM ObinvM UCMOMb30BaHbl KOMMO3WLUMOHHbBIE BSXKYLUME BellecTBa Ha
OCHOBe nopTnaHiuemMeHTa W 305bl yHoca. [na CHMXEeHUA HOopMarnbHOW FycTOTbl B COCTaBe BSXKYLLEro B
paboTe ucnonb3oBaH cynepnnactudukaTop nonuvkapbokcunatHoro Tuna. MccnegoBaHa MWKPOCTPYKTypa
LeMeHTHOro kamHs ¢ nomollbto COM un UK-cnektpockonun. MNpoYHOCTb Ha CxxaTue uccnegoBanach Ha Kybax
¢ pebpom 100 mm cornacHo EN 12390-6, Npo4HOCTb Ha pacTskeHne — Ha npmamax pasmepom 100x100x500
MM cornacHo EN 12390-3. YcTaHOBneHO onTumanbHoe cogepxkaHue 3onbl yHoca (30 %) B cocTaBe
KOMMO3MLMOHHOTO BSDKYLLLErO, MO3BONSAIOLLErO NOMYYNTh BbICOKME MEXaHMYecKkne nokasarenu. BeisBneHo, 4to
COBMECTHOE UCMNONb30BaHNE KOMMNO3ULIMOHHOMO BSXKYLLEro U hnbpbl NPMBOAUT K MOBLILLEHUIO MPOYHOCTU NpU
ckatum n usrnbe dmnbpobetoHa. Npu BBEAeHWMM 30Mbl YyHOCa HabnwoaaeTca Kak YNpOYHEHWE CTPYKTYPbI
LEMEHTHOIO KaMHSl, TaK U CHWXEHWUE LLEMNOYHOro BO3AEWCTBUSI BSDKYLLETO Ha MOBEPXHOCTb 6a3anbToBOro
BOMnokHa. MHdpakpacHasi cnekTpocKonus LieMEeHTHbIX CUCTEM MokKasana msmeHeHue asoBOro cocrasa u
CHWKEHME OCHOBHOCTU 00pasyoLnMxcs rmMapoCcuIMKaToB KanbLms Npy BBEOEHNM B COCTaB BSXKYLLErO 301bl-
yHoca.

NurepaTtypa

1. Yoo D.-Y., Banthia N. Impact resistance of fiber-reinforced concrete — A review // Cement and Concrete Composites. 2019. Ne 104.
Article 103389.

2. byka-Banmeapge K., Wnucepuc A., Ceparok O.0., MakpactuHbw J., BatnH H.M. BO3MOXHOCTb pauMOHanbHOro MCMonb3oBaHUs
HPSFRC B MHoroataxHom ctpoutenscTse // IHxeHepHo-cTpouTenbHbIn XypHan. 2018. Ne 8(84). C. 3—14. DOI: 10.18720/MCE.84.1

3. Park S.H., Kim D.J., Kim S.W. Investigating the impact resistance of ultra-high-performance fibre reinforced concrete using an
improved strain energy impact test machine // Constr. Build. Mater. 2016. Ne 125. Pp. 145-159.

4. Knioe C.B., Knioe A.B., Batun H.N. ®nbpobeToH Ansa cTtpoutensHon nHaycTpum // VIHKeHepHO-CTpouTenbHbIN XXypHan. 2018.
Ne 8(84). C. 41-47. DOI: 10.18720/MCE.84.4

5. Abirami T., Loganaganandan M., Murali G., Fediuk R., Vickhram Sreekrishna, R., Vignesh, T., Januppriya, G., Karthikeyan K.
Experimental research on impact response of novel steel fibrous concretes under falling mass impact // Construction and Building
Materials. 2019. Ne 222. Pp. 447-457.

6. Fediuk R., Smoliakov A., Muraviov A. Mechanical Properties of Fiber-Reinforced Concrete Using Composite Binders [OnekTpoHHbI
pecypc] /I Advances in Materials Science and Engineering. 2017. Ne 2017, Article 2316347. URL:
https://doi.org/10.1155/2017/2316347

7. Sun X, Gao Z., Cao P., Zhou C. Mechanical properties tests and multiscale numerical simulations for basalt fiber reinforced concrete
/I Construction and Building Materials. 2019. Ne 202. Pp. 58-72.

8. Wang D., Ju Y., Shen H., Xu L. Mechanical properties of high performance concrete reinforced with basalt fiber and polypropylene
fiber // Construction and Building Materials. 2019. Ne 197. Pp. 464-473.

9. Khan M., Cao M., Ali M. Effect of basalt fibers on mechanical properties of calcium carbonate whisker-steel fiber reinforced concrete
/I Construction and Building Materials. 2018. Ne 192. Pp. 742—753.

10. Rybin V.A., Utkin A.V., Baklanova N.l. Corrosion of uncoated and oxide-coated basalt fibre in different alkaline media // Corrosion
Science. 2016. Ne 102. Pp. 503-509.

11. Monaldo E., Nerilli F., Vairo G. Basalt-based fiber-reinforced materials and structural applications in civil engineering // Composite
Structures. 2019. Ne 214. Pp. 246-263.

12. Li Z., Xiao T., Pan Q., Cheng J., Zhao S. Corrosion behaviour and mechanism of basalt fibres in acidic andalkaline environments //
Corrosion Science. 2016. Ne 110. Pp. 15-22.

13. Wei B., Cao H.L., Song S.H. Degradation of basalt fibre and glass fibre/epoxyresin composites in seawater // Corrosion Science.
2011. Ne 53. Pp. 426-431.

VYpxanosa JLA., JIxacapanos C.A., bysuryes C.JI., ®emtok P.C., Tackun A.B.
119


http://engstroy.spbstu.ru/

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Magazine of Civil Engineering, 91(7), 2019

Fiore V., Scalici T., Di Bella G., Valenza A. A review on basalt fibre and itscomposites // Composites Part B Engineering. 2015. Ne 74.
Pp. 74-94.

Xiang Y., Xie Y., Long G. Effect of basalt fiber surface silane coupling agent coating on fiber-reinforced asphalt: From macro-
mechanical performance to micro-interfacial mechanism // Construction and Building Materials. 2018. Ne 179. Pp. 107-116.

Klyuev S.V., Klyuev A.V., Khezhev T.A., Pucharenko Yu.V. Technogenic sands as effective filler for fine-grained fibre concrete //
Journal of Physics: Conference Series. 2018. Ne 1118, 012020.

3aropogHiok J1.X., Jlecouk B.C., Cymckori [.A. TennousonsiumoHHble pacTBOPbl MOHWXKEHHOW MnoTHocTn // CTpouTenbHble
maTtepvansl u nsgenus. 2018. T. 1. Ne 1. C. 40-50.

Riaz Ahmad M., Chen B., Yu J. A comprehensive study of basalt fiber reinforced magnesium phosphate cement incorporating ultrafine
fly ash // Composites Part B: Engineering. 2019. Ne 168. Pp. 204-217

Lee T.W., Lee S., Park S.-M., Lee D. Mechanical, thermomechanical, and local anisotropy analyses of long basalt fiber reinforced
polyamide 6 composites // Composite Structures. 2019. Ne 222. Article 110917.

Ralph C., Lemoine P., Boyd A., Archer E., Mcllhagger A. The effect of fibre sizing on the modification of basalt fibre surface in
preparation for bonding to polypropylene // Applied Surface Science. 2019. Ne 475. Pp. 435-445.

YepesatoBa A.B., XXepHosckasa W.B.. Anexun [.A., KoxyxoBa M.N., KoxyxoBa H.N., AkosneB E.A. TeopeTunyeckne acnekTbl
CO37jaHNA KOMMO3WLMOHHOIO HaHOCTPYKTYPUPOBAHHOIO TMMNCOBOrO BSHKYLLErO MOBLILIEHHOW apocTonkocTu /[ CTpouTenbHble
maTtepvansl u nsgenus. 2019. T. 2. Ne 4. C. 5-13.

Klyuev S.V., Klyuev A.V., Vatin N.I. Fine-grained concrete with combined reinforcement by different types of fibers // MATEC Web of
Conferences. 2018. Ne 245, 03006

Wu H., Fang Q., Chen X.W., Gong Z.M., Liu J.Z. Projectile penetration of ultrahigh performance cement based composites at 510—
1320 m/s /I Constr. Build. Mater. 2015. Ne 74. Pp. 188-200.

Ravi R., Li V.C., Heard W.F, Williams B.A. Impact resistance of high strength-high ductility concrete // Cem. Concr. Res. 2017. Ne 98.
Pp. 24-35.

Tonoli G.H.D., Rodrigues Filho U.P., Savastano Jr, H., Bras J., Belgacem M.N., Rocco Lahr F.A. Cellulose modified fibres in cement
based composites // Composites Part A: Applied Science and Manufacturing. 2009. Ne 40(12). Pp. 2046—2053.

Huang D., Zhao X. Novel modified distribution functions of fiber length in fiber reinforced thermoplastics // Composites Science and
Technology. 2019. Ne 182. Article 107749.

Kundu S.P, Chakraborty S., Chakraborty S. Effectiveness of the surface modified jute fibre as fibre reinforcement in controlling the
physical and mechanical properties of concrete paver blocks // Construction and Building Materials. 2018. Ne 191. Pp. 554-563.

Sappakittipakorn M., Sukontasukkul P., Higashiyama H., Chindaprasirt P. Properties of hooked end steel fiber reinforced acrylic
modified concrete // Construction and Building Materials. 2018. Ne 186. Pp. 1247-1255.

Klyuev S.V., Khezhev T.A., Pukharenko Yu.V., Klyuev, A.V. The fiber-reinforced concrete constructions experimental research //
Materials Science Forum. 2018. Vol. 931. Pp. 598 — 602.

Jlecosuk B.C., A6cumetoB M.B., EnuctpaTtkud M.IO., Mocnenosa M.A., LlaTtanosa C.B. K Bonpocy u3yyeHus ocobeHHocTen
CTPYKTypoODBpa3oBaHMsi KOMMO3NLIMOHHBIX BSXKYLLMX AN HeaBTOKNaBHbIX razobeTtoHos // CTpouTenbHble mMaTepuansl U usgenus.
2019. T. 2. Ne 3. C. 41-47.

Cheng C., He J., Zhang J., Yang Y. Study on the time-dependent mechanical properties of glass fiber reinforced cement (GRC) with
fly ash or slag. Construction and Building Materials. 2019. Ne 217. Pp. 128-136.

Guneyisi E., Atewi Y.R., Hasan M.F. Fresh and rheological properties of glass fiber reinforced self-compacting concrete with
nanosilica and fly ash blended // Construction and Building Materials. 2019. Ne 211. Pp. 349-362.

Mucsi G., Szenczi A., Nagy S. Fiber reinforced geopolymer from synergetic utilization of fly ash and waste tire // Journal of Cleaner
Production. 2018. Ne 178. Pp. 429-440.

BysHTtyeB C.J1., KoHgpateHko A.C. ViccnepnoBaHue hr3NKO-XMMUYECKNX CBOVWCTB MUHEParbHbIX BOTIOKOH, MOMYyYEHHbIX C MOMOLLbIO
3NEeKTPOMAarHMTHOrO TeXHomorndeckoro peakropa // Becthuk BCIYTY. 2013. Ne 5. C. 123-129.

deptok P.C., Jlecosuk B.C., INucenues HO.J1., TumoxumH P.A., ButyeB A.B., 3asixaHoB M.E., Mo4yanos A.B. KOMNO3ULMOHHBIE BSXKyLLME
anst 6eTOHOB MOBBbILEHHON yAapHoW cTonkocTu [/ WHxeHepHo-cTpouTenbHbi xypHan. 2019. Ne 1(85). C. 28-38.
DOI: 10.18720/MCE.85.3

KoHmakmHbie OaHHbIe:

Jlapuca AnexceesHa YpxaHoea, +7(902)1685168; an1. noyma: urkhanova@mail.ru

CornboHn AnekcaHOposud JixacapaHos, +7(950)3871856; a1. nouma: solbon230187@mail.ru
Cepeel JlybcaHosuy bysiHmyes, +7(950)2817945; an1. noyma: buyantuevsi@mail.ru

Pomar Cepeeesuy ®ediok, +7(950)2817945; an. nouma: romand4@yandex.ru

AHOpel Bacunbesuy TackuH, +79242410125; taskin@yandex.ru

© YpxaHosa J1.A., llxacapaHoB C.A., bysaHtyes C.J1., ®eatok P.C., TackuH A.B.,2019

Urkhanova, L.A., Lkhasaranov, S.A., Buyantuev, S.L., Fediuk, R.S., Taskin, A.V.

120



	1. Introduction
	2. Materials and Methods
	3. Results and Discussion
	4. Conclusion
	5. Acknowledgements



