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Electric pulse method of processing cullet

The article considers the issue of obtaining a recycling resource during the processing cullet, which harms the
environment. During the preparation of raw materials in the household waste recycling stages, the material is
crushed to the right size. This is implemented in mills based on various methods of destruction. In this regard,
analyses of the currently existing types of mechanical mills were carried out and their disadvantages were in-
vestigated. To solve glass recycling problem, this study presents the results of processing cullet by the electric
pulse method. We provide a description of operation principle of the experimental setup and the design of the
working chamber for processing the material under study. In this technology, the processing cullet is carried
out with an increase in the discharge voltage of the storage from 25 kV to 35 kV, the capacitor capacity from
0,25uF to 1 pF, the number of pulse discharges from 100 to 600. By using the electric pulse method particles
cullet with an initial fraction of 2 mm and 5 mm were crushed from 1 mm to 0.1 mm. The dependence of the
output of the final product on the electrical parameters of the installation and the diameter of the obtained
glass powder were received. The results of the grinding raw materials with the formation of pulsed electric
discharges in a liquid medium allowed assessing the degree of grinding of the material. According to the ob-
tained research data, optimal parameters of cullet grinding were established.

Keywords: electrohydraulic effect, coal powder, discharge energy, output of finished products, pulsed
electrical discharges.

Introduction

In any industry, special attention is paid to the efficient use of natural resources in the production of
various building materials. The problem of rational and integrated use of raw materials is closely related to
the level of product development and is currently important for all industrialized countries. The creation and
implementation of waste-free technologies for more complete use in the production of recycling resources
and related products will improve the quality management of raw materials and final products, and reduce
waste losses [1].

The cullet is one of those wastes that in natural conditions do not lose their properties for hundreds of
years. The raw material is suitable for complete secondary processing with no waste. Cullet of various frac-
tions (1-0.1 mm) is used as an additive to Portland cement and polymers. The average content of crushed
glass in the composite material is about 20-50 %. These building materials are highly resistant to weather
and are suitable for use as cladding materials. Another advantage of using recycled glass is that it reduces the
number of landfills, contributing to reduce carbon dioxide emissions, which is an unwanted byproduct of
cement production and the culprit in global warming [1-4].

The stages of processing cullet comprise processes that include crushing and grinding of raw materials.
The grinding of raw materials is carried out depending on the purposes and production features of the subse-
guent use of the material. In these processes, various crushers are used as the main technological installa-
tions, and their intensity largely depends on the quality of products produced at the stages of recycling valu-
able material. The efficiency of the grinding process depends not only on the structure and technical charac-
teristics of devices for obtaining the granulometric composition of glass powder of the required size, but also
on the properties of the starting material and the solutions for obtaining the product.

For fine grinding of solids, the following equipment is most widely used [5]:

— ball mills, the productivity of material processing and energy consumption of which depend on the
speed of rotation of the drum, the weight and size of the grinding bodies and the concentration of the suspen-
sion during wet grinding;

—rod mills, in which the grinding of the material is carried out by crushing, abrasion when rolling the
rods in a rotating drum;
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— cone crushers, based on crushing the material with the approximation of the gaps between the surfac-
es of internal movable and external stationary cones;

—drum mills, in which the material is crushed inside the rotating body under the action of grinding bod-
ies or by self-grinding;

— jet mills, in which the material is crushed by feeding a jet of gas from sonic and supersonic injectors.

The above mills have several disadvantages: bulkiness, heavyweight, noise during operation, more
complex and expensive design, installation complexity, high dust formation, wear of grinding bodies and
contamination by-products of this wear, high energy consumption, and, as a consequence, the high energy
intensity of processes [5-7]. The disadvantages of the methods used in glass recycling necessitate cause the
use of improved technologies. The electrohydraulic effect can be used in the development and creation of
new technologies. The essence of this method is that when carried out inside a volume of liquid in an open or
closed vessel, a specially formed pulsed electric discharge is around the zone of its formation, ultra-high hy-
draulic pressures arise, able to commit useful mechanical work [8]. The electric pulse method finds applica-
tion in the disintegration of diamond-bearing rocks, the processing of solutions for leaching uranium, the
production of finely dispersed waters coal fuel, the disinfection of plant products and liquid raw materials,
the descaling of heat exchangers [9-14].

The purpose of the work is to research the influence of electric discharges on the selective grinding of
glass waste. We used a household cullet. The initial diameter (do) of the material before processing was 2
mm and 5 mm, and the obtained glass powder was d= 0,1-1 mm.

Experimental installation for crushing cullet

The experimental installation consists of a power supply unit providing constant voltage (control panel,
generator, capacitors, spark gap) and a working chamber for grinding material in a liquid medium (Figure 1).
The working chamber is equipped with a metal cylindrical corpus, which contains a mixture of glass frag-
ments and industrial water (Figure 2). In the working environment, electric pulse discharges are formed be-
tween metal electrodes, with the tips of the electrodes arranged in a vertical direction against each other. The
electrode (positive), powered by electric current, is fixed on the cover of the working channel made of
caprolon, and the second electrode (negative) is placed on the grounded bottom of the metal vessel.

Generator Spark gap
L] I
. Working
Control 1 C t
ontrol pane apacitor chamber

Figure 1. Flowchart of an electric pulse installation
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Figure 2. Working chamber: 1 — metal cylindrical corpus,
2 — positive electrode, 3 — working chamber cover, 4 — negative electrode

76 BecTHuk KaparaHgmMHCKOro yHusepcureTa



Electric pulse method of processing cullet

The installation for the grinding cullet works as follows. After the generator is powered by alternating
current from the control unit, the amplified current from the generator accumulates in the capacitor until a
value is reached that allows punching the air space between the metal hemispherical electrodes in the arrest-
er. Further, the current in the form of a spark discharge formed in the spark gap is fed through a cable to the
positive electrode of the working chamber. In the working chamber, when an electric explosion occurs be-
tween the ends of the positive and negative electrodes in a liquid medium, solid bodies are crushed due to
shock waves and collisions of materials in them.

Methods of conducting experiments and analysis of the obtained results

The weight of the initial cullet was determined using electronic scales and for each experiment, the
mass of the initial material and the volume of liquid was constant (the mass of the cullet was 100 g, the vol-
ume of industrial water — 400 ml). After drying at room temperature, the glass crushed by the electric pulse
method was sieved through special standard sieves to analyze the granulometric composition of the resulting
product. The yield of the required product (K, %) was determined by the ratio of the mass of the obtained
product to the mass of the feedstock and was measured as a percentage.

The work on grinding cullet was carried out depending on the different values of energy and the number
of pulse discharges (Figure 3). Depending on the parameters of the bank, the pulse discharge energy varied.
The discharge voltage of the storage was conversed by changing the gap of the metal electrodes in the spark
gap. It was noted that with an increase in the electrical parameters of the installation, the output of the fin-
ished product increases.
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Figure 3. Dependence of the output of the finished product (powder diameter 0.2 mm)
on the electrical parameters of the electric pulse installation

The following researches were devoted to the analysis of the granulometric composition of the material
with a diameter of the initial fraction of 2 mm and 5 mm after electric pulse treatment (Figure 4). The exper-
iment was carried out with the following parameters: storage discharge voltage is 25-35 kV, capacitance of
the capacitor is 0,75uF, discharge energy is 237-459,4 J, the number of pulse discharges is 600.
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Figure4. Dependence of the output of the finished product
on the diameter of the obtained glass powder

Figure 4 illustrates that as the discharge energy increased, the number of crushed cullet particles in-
creased in the range from 0,1 mm to 0,4 mm. Thus, under the action of an electric pulse shock in a liquid
medium, the granulometric composition of the destruction of glass waste was changed. The conversion of the
parameters of pulse discharges into different values made it possible to increase the thin classes in the
coarseness of the necessary raw materials.

Conclusions

The results of the experiment showed that the electric pulse method can be used for the disintegration of
cullet. Received a powder product with a diameter of 0,1-0,4 mm, used as an additive to Portland cement
and polymers. The fractional composition of the material and the degree of the output of final product were
regulated by the selection of parameters of pulse discharges. The following values are accepted as effective
parameters of pulsed discharges when grinding glass waste: capacitor of the capacity 0,75 pF, storage
discharge voltage 30 kV, discharge energy 337 J.
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HIbIHBI CHIHBIKTAPBIH KAWTA OHACYAIH 3JIEeKTPUMITYJIbCTIK Jici

Makanazia KopIIaraH OpTaFa Tepic ocep eTeTiH oiHeK CBIHBIKTaphIH OHJeY Ke3iHIe KalTanama pecypcTapisl
Iy Macereci KapacThIpbUIFaH. TYPMBICTHIK KaJIABIKTapAbl OHJEY Ke3eHIepiHIe NIMKi3aTThl AaibiHaay
MpOIIECiHAE MaTepual KaKeTTi MeJlepre MAeHiH ycakTamaasl. bynm opTypni omicTepre Heri3aenreH
YHTaKTarblliTapaa icke acyna. OcbFaH OalyIaHBICTBI Ka3ipri yakbITTa KOJJIAHBICTaFbl MeEXaHHKAaJBIK
JIUiIpMEHJEPIiH TypJiepiHe Tanaayiap >KYpTi3ilin, olapAblH KEeMIIUTIKTEepi 3epTTeNai. ATanraH MoceleHi
HIENIy YIIiH FRUIBIMH JKYMBICTA IIBIHBI CHIHBIKTAPBIH 3JEKTPIiK MUMITYJIBCTI OMICTICH OHICYIIH HOTIDKENepi
Oepinren. ToxipuOenik KOHIBIPFBIHBIH JKYMBIC ICT€Yy NPHHIUIN CHUIATTAFaH, 3€pPTTENETIH MaTepHaIbl
OHJEyre apHAIFaH >XYMBIC KaMEepPAachIHBIH KYPBUIBIMBI KENTipiIreH. ATaIMBIII TEXHOJOTHAAA IIBIHBI
CBIHBIKTapBIH OHJEY >KWHAFBIITHIH pa3psn KepHeyiH 25 kB-tan 35 xB—ka neifiH, KOHOEHCATOPIBIH
ceIBIMABLTBIFBIH 0,25 MkD—Tan 1 Mkd—Ka JeifiH, UMIYJILCTIK paspsaaTapabiH canbiH 100-men 600-re aeitin
apTTHIPY apKbUIBI OPBIHIAIIBL. DIEKTPUMITYIBCTIK SHICTIH KOMeriMeH, OacTankbl Gpakiuscsl — 2 KoHe 5
MM OonaThiH IIibIHBI Oemmiektepi 1 mMv—aeH 0,1 MM—re neitin ycakranapl. [laiiblH ©HIMHIH TYCiMiHEH
ANEKTPIIK MapaMeTpiIiK aHBIKTaJ/Ibl KOHE YCAaKTaJFaH IIBIHBI YHTAKTBIH JHaMETpiHe TOYEeNLTIri ajabIHIbL.
Cy#BIK OpTaZa UMITYJIBCTIK 3JEKTP paspsATapblH KalbIITACTHIPY YIIiH IIHKI3aTThl YHTaKTay HOTIDKENepi
MaTepHaNIbl YHTAKTAay JOPEKECiH OaralayFa MYMKIHAIK Oepai. 3epTTey >KYMBICTapbIHAH ajIbIHFaAH
MOJIIMETTEepre COUKEC IIBIHBI CHIHBIKTAPbIH YHTAKTAYIBIH OHTANIIBI TapaMeTpIiIepi OenrineHmi.

Kinm ce30ep: »nektpruapaBIukanblk 3pdekt, kemMip YHTaFbl, pa3psa SHEPTHACH, NaWbIH ©HIMHIH TYCiMi,
HMITYJIBCTIK DJIEKTP pa3psaTaphl.

A K. Xacenos, b.P. Hycyn6ekos, /[.)K. KapaGekosa,
I'.A. bynkauposa, b.Y. [llamry6aii, M.M. bonat6ekoBa

JIEKTPOMMILYJIbCHBIN MeTO/l epepadloTKN CTEKI10005

B crarbe paccMOTpeH BOIIPOC MOJTy4YEeHHsI BTOPUYHOTO pecypca npH nepepaboTke CTeKI000s, OKa3bIBAIOIIN
HEraTHBHOE BO3/ICHCTBHE HAa OKPYXKAIOILYIO cpely. B mpouecce moAroToBKH ChIpbs Ha 3Tanax nepepadoTku
OBITOBBIX OTXOJOB MaTepuaj HW3MeJb4yaeTcsi 0 HYXKHOro pasmepa. laHHBIA Mpolecc OCYIIECTBISIETCS Ha
MEJbHUNAX, OCHOBAaHHBIX HA PA3IMYHBIX METOAAX pa3pylleHHs. B CBs3W ¢ 3THM OBUT IPOBENCH aHAIU3
CYIIECTBYIOIINX B HACTOAIIEC BPEMsS THIOB MEXAaHWYECKHX MEJBHHI] M WCCIENOBAHBI X HENOCTATKH. Jlis
pemreHusi yKka3aHHOI mpoOyieMbl B HaydHOM paboTe IpUBEIEHBI PE3YyNbTaThl 00pabOTKH CTEKIO00s
3NIEKTPOUMITYIILCHBIM MeTO10M. OTHCaH NMPUHIUI PadOThl SKCIICPUMEHTAIHON YCTAaHOBKH, IIPUBEIEHA KOH-
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cTpykuus paboueil kamepsl Uil 00paboTKM HccieayeMoro Marepuana. B naHHoi TexHonoruu nepepaboTka
CTEKJI0005 BBIIOJIHEHA C YBEJIMUCHUEM Pa3psAAHOTO HampspKeHUs HakomuTels oT 25 kB mo 35 kB, emxoctu
koHzeHcatopa oT 0,25 Mx®d no 1 Mx®, yncna uMnysabeHBIX paspsanos oT 100 xo 600. C mOMOIIBIO 31EKTPO-
HMITYJTECHOTO METOJIa YaCTHIBI CTEKII000s ¢ HCXOMHOH (pakiueil — 2 U 5 MM — H3MeIbYaInCh 0T 1 MM
10 0,1 mm. [MomydeHa 3aBHCHMOCTB BEIX0/Ia TOTOBOTO MIPOIYKTA OT SIEKTPHYECKHUX MapaMeTPOB YCTAaHOBKH 1
JraMeTpa M3MENTbYEHHOTO CTEKJTHHOTO IMOpONIKA. Pe3ynpTaTsl M3MenbYeHHs CHIPhS C 00pa3oBaHHEM HM-
MYJIBCHBIX AJIEKTPUYECKHX PA3PsI0B B )KUIKOH cpesie TI03BONIMIIN OLICHUTDH CTEIIEHb N3MENbUEHHST MaTepraa.
Ilo momyueHHBIM JaHHBIM HCCIIEOBATENLCKUX PAOOT YCTAaHOBIECHBI ONTHMAIbHBIE TAPAMETPHI U3METbUCHUS
CTEKII000s1.

Kniouegvie crosa: >neKTporuapaBindeckuii 3 Qexr, yronpHelil MOPOLIOK, SHEPTHs paspsiza, BHIXO T'OTOBOI
HPOJYKIMH, UIMITYJIBCHBIE JJIEKTPUIECKHE Pa3psbL.
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