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How to Cite

Ecological aspects, connected with run-down manganese dioxide-zinc voltaic cells and their impact on
the environment, are considered. General scheme of methodological approach to recycling galvanic cells
scraps is proposed, including the using of information technologies with the substantiation of choosing the
recycling method and analytical techniques, converting process, selecting the utilization method of the com-
ponents and their subsequent selling. Non-waste scheme of technological recycling manganese dioxide-zinc
voltaic cells’ scraps has been developed, which successively includes their hydro-mechanical and hydro-
chemical recycling following the principles of saving resources and energy. During stage-by-stage recycling
of manganese dioxide-zinc voltaic cells’ scraps, well-known technological methods and available hardware
are applied, which are used in chemical technology and operating on the basis of hydro-mechanical and hy-
dro-chemical processes. At all stages of recycling scraps of manganese dioxide-zinc voltaic elements, tech-
no-chemical control is conducted together with processing the obtained data using software. As a result of
recycling manganese dioxide-zinc voltaic cells’ scraps according to the proposed technological scheme,
graphite, ammonium chlorine zincate, zinc complex, and manganese dioxide are obtained. Safe utilization of
manganese dioxide-zinc voltaic elements’ scraps according to the developed hardware and technological
scheme assumes the returning of metallic and soft parts to production and consumption spheres. The pro-
posed scheme is non-waste, environmentally safe, following ecological standards for the natural environ-
ment of the region. The scheme’s development is an important stage for industrial object design.

Key words: accumulator scraps, hardware and technological scheme, safe disposal, hydro-mechanical
processes, hydro-chemical processes, manganese dioxide-zinc voltaic cells, products of recycling.
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BE3IIEYHA YTHUJIBANIA BIZIIPAIIBOBAHUX MAPI'AHELIb-IIMHKOBUX
I'AJIbBAHIYHUX EJIEMEHTIB

B. IT. Imumpuxos', 0. 0. I'opé*, C. I. boiixo", B. M. Epmaxos®

! Monrapchka nepsxaBHa arpapHa akaziemis, M. ITonTasa, Ykpaina
JepxaBHa €KOJIOTIUHA aKaJeMis MICISAUINIOMHOI OCBITH Ta ynpasiiHHA, M. KuiB, Ykpaina

Posenanymo exonoziumi acnexmu, nog’a3ami 3 8i0NpaAybOBAHUMU MAPSAHEYb-YUHKOBUMU 2ANbBAHIYHUMU
eleMeHmamy, iXHiM 6NIUBOM HA HABKOJIUUIHE NPUPOOHE cepedosuuye. 3anponoHO8AHO 3A2AlbHY CXeMy Me-
MOO0N02THHO20 NIOX00Y 00 NepepodKU OPYXMY 2anib8aAHIUHUX eIEMEHMIB, WO BKIIOUAE BUKOPUCMANHS IHGO-
PMAYItHUX MeXHON02T 3 OOIPYHMYBAHHAM BUOOPY Memody nepepoOKu i MemoouKk awanizie, npoyecy nepe-
pOOKU, ubOPY Memoody ymunizayii Komnonenmie i nodanvuioi ixuvoi peanizayii. Po3pobaeno 6e36i0x00Hy
cxemy mexHonI02iuHOI nepepooKy O6pyXmy Mapeanyeso-yuHKOBUX 2alb8AHIYHUX eleMeHmis, KA NOCAI006HO
BKIIOYAE IX 2I0pOMEXAHIUHY T 2I0POXIMIYHY nepepoOKY 3 OOMPUMAHHAM NPUHYUNIE eKOHOMIL pecypcie i eHep-
2il. ¥ mpoyeci nocmaoitinoi nepepobxu 6pyxmy mapeanye8o-yuHKoBUX 2aib8AHIYHUX eleMeHmIi8 3aCmOoco-
8YI0Mb GI0OMI MEXHONI02IYHI NPULOMU | OOCMYNHE anapamue 0QOPMACHHS, U0 BUKOPUCHOBYEMbCI 8 XIMi-
HIll MexXHOA02Il | npaytoe Ha OCHOBI 2i0pomexaniunux i ciopoximiunux npoyecie. Ha 6cix cmadisx nepepoodxu
OpyxXmy MapeanHyeso-yuHKOBUX 2AIb8AHIUHUX e/leMeHMI8 BUKOPUCOBYIOMb MEXHOXIMIUHULL KOHMPOIb 3 00-
POOKOIO OMPUMAHUX OAHUX 3a OONOMO20I0 NPOSPAMHO20 3abe3neuents. B pezyiomami nepepobxu 6pyxmy
Map2anHye60-YUHKOBUX 2alb8AHIYHUX eleMEeHMIE 3a 3anpPONnOHO8AHOI0 MEXHOJO02IYHOI0 CXeMOI0 OMPUMYIONb
epagim, xa0pyiHKam aMOHII0, KOMIIEKC YUHKY, Oiokcud mapeanyio. besneuna ymunizayis opyxmy mapea-
HeYb-YUHKOBUX 2A/IbBAHIYHUX elleMeHmi8 3a pO3POOIEHO anapamHo-mexHoI02IYHOI0 CXeMOI0 NPUNYCKAE
nosepHeHHst 00 chepu BUPOOHUYMBA | CRONCUBAHHS MEMANe8UX | HeMemanegux Komnonenmia. Ilpononosana
cxema € 6e36i0X00HOi, eKON02IYHO Oe3neUHoI, 3 OOMPUMAHHAM eKOIOSTYHUX HOPM OJisl HABKOIUUHBO20 NPU-
POOHO20 cepedosuwja peziony, il po3poOKa € adciueum emanom Ojisi NPOEKMYBAHHS NPOMUCIOB020
06 ’exma.

Kniwouogi cnoea: axymynsmopuuil 10m, anapamuo-mexHonio2iuna cxema, beneyna ymunizayis, 2iopome-
XaHiyHi npoyecu, 2i0pOXIMIUHI NpoYecl, MapeaHeyb-YUHKOGI 2alb8aHIYHI eleMenmu, NPOOYKmu nepepooKu.

BE3OITACHAMA YTUJIM3ALUSA OTPABOTAHHBIX MAPI'AHEL-IIUHKOBBIX
IF'AJIbBAHUYECKHUX 3JIEMEHTOB

B. IT. /Imumpuxos*, 0. A. I'opé*, C. H. Boiiko', B. H. Epmaxoé®

! IlonraBckas rocyaapCTBCHHas arpapHas akaaeMusl, I. HOHTaBa, YKpaI/IHa

2 T'ocynapcTBeHHAs SKOJIOTHYECKAS aKaIeMHUs ITOCIEIUITIOMHOT0 00pa3oBaHus U ynpasiieHus, T. Kues, Yk-
pauHa

Paccmompenwvl sxonoeuyeckue acnexmol, C8I3aHHble ¢ OMPADOMAHHLIMU MAP2AHEY-YUHKOGLIMU 2ATbEA-
HUYeCKUMU DNIEMEHMAaMU, UX GIUSHUEM HA OKPYICAIOWYI0 npupoonyio cpedy. Ilpedroscena obwas cxema
MEMOOON02UUECKO20 NOOX00A K Nepepabomke 1oMa 2anb8aHUYECKUX INEeMEHMO08, BKII0UAIOudAs UCNOIb306a-
HUe UHGOPMAYUOHHBIX MEXHON02UI ¢ 0OOCHOBAHUEM 8bIOOPA Memoda nepepadbomKu U MemooOux AHAIU308,
npoyecca nepepabomkil, blO0pa Memooa Ymuau3ayuy KOMINOHenmos u nociedyoujell ux peanuzayuu. Pa-
3pabomana 6e30Mx00HAsL CXeMa MEXHOL02UYECKOU NepepabomKi 10Ma MAP2aAHYe80-YUHKOBLIX 2alb8aHUYe-
CKUX DIeMeHMO08, KOMOPAasl NOCAEO08AMENbHO GKIIOHAEH UX CUOPOMEXAHUUECKYIO U 2UOPOXUMUYECKYIO nepe-
pabomky ¢ cobodenuem NPUHYUNOE SKOHOMUU PeCypcos U sHepeuu. B npoyecce nocmaoutinoii nepepabom-
KU 10MA MaAP2AHYEeB80-YUHKOBLIX 2ATb8AHUYECKUX DNIEMEHMO8 NPUMEHSAIOM U36eCMHble MEeXHOL02UYecKue
npuemvl U 00CMYnHoe annapamuoe oQopmieHue, UCNOIb3YeMOe 8 XUMULECKOU MeXHOL02UU U pabomaiouee
HA OCHOBE 2UOPOMEXAHUYECKUX U 2UOPOXUMUYecKux npoyeccos. Ha eécex cmadusix nepepabomku noma map-
2aHYEBO-YUHKOBLIX 2ATbBAHUYECKUX IIEMEHIMO8 UCHOTb3VIONM MEXHOXUMUYECKULl KOHMPOLbL ¢ 00pabomkoil
NOTYYEHHBIX OAHHBIX NPU HOMOWU NPOSPAMMHO20 obecnedeHus. B pe3ynvmame nepepabomku 10mMa Mapeam-
YeB0-YUHKOBBIX 2ANIbEAHUUECKUX DJIEMEHMO8 N0 NPeONlONCEHHOU MEXHON0SUYECKOU cXxeme NOayarom 2epa-
Gum, XI0pYUHKam aMMOHUsL, KOMIIEKC YUHKA, OUOKCUO mapeanya. bezonacnas ymunuzayus noma mapea-
HeY-YUHKOBBIX 2ab8AHUYECKUX DIIeMEHMO8 NO pa3padoOmaHHol annapamio-mexHoI02UYecKoll cxeme npeo-
noaazaem gosspawjerue 6 cghepy npouzeo0cmed u NOmpeoaeHUss MEMAITUYECKUX U HEMEMALIUYECKUX KOM-
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nonenmos. llpeonazaemasn cxema sensemcs 6e30mMx00HOU, dKOA02UHECKU OE30NACHOU, ¢ cODNI00eHUeM KO-
N02UYECKUX HOPM OJil OKpycaioujell. npupooHou cpedbl pecuoHd, ee paspabomxa AGIAemcs GANCHLIM
9MAanom 051 NPOEKMUPOBAHUSL RPOMBIULTIEHHO20 00bEKmA.

Knwuesvle cnosa: axkymyisimopuwiil J1OM, AnAAPAMHO-MEXHOIOSUHECKAsl CXeMad, Oe30nacHas ymuiu-
3ayus, 2UOPOMEXAHUYECKUe NPOYECccyl, 2UOPOXUMUYECKIUE NPOYECChl, MAPeaHey-YUHKOBble 2ATb8aAHUYECKUe
9/1eMeHmbl, NPOOYKMbl nepepabomKi

Introduction

Global systems of manufacturing and consuming technical products significantly affect the natural envi-
ronment and public health. The development of electronic and computer equipment, mobile devices and ve-
hicles is accompanied by a huge number of run-down one-use and reusable electrochemical cells, mostly
batteries and compact accumulators’ scraps (BAS), which are not used subsequently.

Under the absence of separate collection, BAS get into the environment in different ways, they are found
in solid municipal wastes, unauthorized landfills, and confiscated products [1, 7]. The concentration of BAS
components in soils and wastewaters of industrial, and in some cases, non-industrial regions often exceeds
ecological standards and requirements, posing a threat to public health [3, 5]. At the same time, such pollu-
tions are anthropogenic deposits, the development of which using modern approaches is promising from both
economic and environmental points of view [21].

There are many ways of using products and wastes of BAS recycling to improve crop germination and
growth, increase yields, as well as improve their resistance to diseases. Under ecological expediency of using
the products of full or partial BAS recycling, the cost of such fertilizers is relatively small [22, 23]. In indus-
trially developed countries, BAS burning and burying are prohibited; they must be recycled. Many patented
ways of BAS recycling are industrially implemented, which makes it possible to do without the development
of natural raw materials due to BAS utilization [6, 12]. The European Battery Recycling Association
(EBRA), Nokia, Samsung, Apple, Motorola, Siemens, Philips, LG companies and others are actively work-
ing in this direction.

The set of methods used for BAS recycling is quite wide and includes mechanical (primary recycling),
metallurgical, electrochemical and reagent methods, as well as the methods of biotechnological separation
and / or disposal [8-11, 14, 15, 20]. In developed countries, BAS, recycled products, and in some cases
waste, are market products, to which it is expedient to apply laws of marketing. When choosing and / or cre-
ating technological scheme for effective BAS recycling, both traditional approaches and innovations are ap-
plied, using typical processes and hardware in the technological scheme [16].

The analysis of literature sources shows an increased interest in complex recycling of used manganese
dioxide-zinc voltaic cells (MDZVC), which, as it is known, cannot be recovered [4, 13, 17]. The components
of MDZVC are steel, metallic zinc, manganese oxides, potassium hydroxide, zinc chloride, and zinc oxide.

Despite a small weight, the total amount of spent MDZVC makes many thousands of tons, which is a real
threat to the natural environment. Based on this, the development of hardware-technological scheme for re-
cycling MDZVC scraps is an urgent and specific task.

At present, MDZVC scraps are considered to be secondary raw materials, which it is expedient to include in
new life cycle of technical products, using modern methods of recycling, or apply for other purposes [18, 19].

The aim and task of the research are to develop hardware-technological scheme for safe utilization of
manganese dioxide-zinc voltaic cells’ scraps.

Materials and methods

The development of the most acceptable hardware and technological scheme for safe disposal of electro-
chemical cells’ scraps is an important stage in designing industrial facility: the final practical result of the
project as a whole is determined by completeness and rationality of such scheme [2].

In any case, while substantiating the choice of BAS recycling method, IT are used taking into account
market indicators of selling recycled products and mathematical and physical modeling of technological pro-
cesses, especially their weak points.

Results of research and their discussion
The general scheme of ecological and economic approach to BAS recycling is presented in Fig. 1.
It is also expedient to use such approach for recycling used MDZVC.
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In the process of developing hardware and technological scheme for recycling MDZVC scraps, the re-
sults of previous studies published earlier were used [3].

The sequence of work on MDZVC scraps utilization by stages and operations is shown and described
below.

‘ Spent electrochemical cells ‘

IT ‘Barreries and accumulators’ scraps ‘
‘ Mathematical
Substantiation i _ physical
of recycling choice ‘Pt‘eparatlon for 1‘ecyclmg| modeling
Sel;ctlon of Scraps recycling '7 Waste
recycling method
Selection of Selection of recycled Environmental
analysis techniques products” sales method standards
Market indicators of

recycled products sales Sales Marketing

Fig. 1. Scheme of ecological and economic approach to BAS recycling

Auxiliary work (preparation of desalinated water, alkali solutions, delivery of raw materials, storage of
products, etc.) are singled out in independent stages, as well as means of the processes’ control and manage-
ment, and they are not shown on the given conventional hardware and technological scheme of MDZVC
scraps recycling.

At the stage of preparation for recycling, the spent MDZVC are sorted and separated from paper, plastic,
and other undesirable components in the technological process of recycling. The sorting according to certain
criteria and parameters is quite time consuming and is connected with involvement of manual labor. In some
cases, soft parts after pressing are disposed by methods used for solid waste.

MDZVC scraps are recycled first by hydro-mechanical method of separating steel component and graph-
ite, then by hydro-chemical method, separating other components. After pre-sorting, MDZVC are sent for
recycling (Fig. 2), the first stage of which is their breaking to obtain fine dispersion.

Next, the MDZVC from hopper 1 enters crusher 2, where they are broken up, then powder-like substance
is dispersed on screen drum 3 (if necessary, classifier is used).

Conveyor 4 consists of 2 parts that operate in different directions. The material, which has not passed
screen drum 3, is directed to outlet hopper 1 by elevator 5 for repeated crushing. The sieved material is treat-
ed with magnetic separator 6, which selects steel components of MDZVC (product D), and the non-magnetic
substance, after taking away plastic and paper waste, is taken to flotation unit 7.

Powdered material is subjected to pneumatic-mechanical flotation in agueous medium on flotation instal-
lations of various types, while choosing which the effect of salt medium on flotation process is taken into
account. Graphite separation from salt-water heterogeneous system takes place, which is further used for hy-
dro-chemical recycling. After flotation, graphite is pre-centrifuged it is taken into dryer 8, obtaining dry sub-
stance A.

After flotation, the so-called “tails” are sent to decanter 9, in which they are divided into filtrate and
sediment.

The filtrate gets into evaporator 10 and dryer 11, and ammonium chloride zincate (product B) is taken to
the warehouse. The sediment from decanter 9 by screw conveyor 12 is fed into reactor 13, equipped with
mechanical mixer, and alkali (KOH) in stoichiometric amount from measuring vessel 14 enters reactor 13.
Sediment incomplete dissolution takes place in reactor 13, and under the action of alkali on zinc, hydrogen is
released, which gets into gas collector 16 through hydro-lock 15.
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Fig. 2. Hardware-technological scheme of recycling spent MDZVC:
1-hopper, 2-crusher, 3-screen drum, 4-conveyor, 5-noria, 6-magnetic separator, 7-flotation unit, 8, 11, 19,
20-dryers, 9, 17-decanters, 10, 18- boil-off devices, 12-screw conveyor, 13-reactor, 14-measuring vessel, 15-
hydro-lock, 16-gas collector, 21-furnace, 22-blower

The setting of manganese compounds and solution of zinc complex from reactor 13 is fed into decanter
17, where sediment detachment from the solution occurs. The filtrate enters boil-off device 18, the wet prod-
uct —in dryer 19 and then is taken to the warehouse (product B).

The setting of manganese compounds gets into dryer 20, through which air is blown from blower 22.
Complete oxidation of manganese hydroxide form in manganese dioxide (product D) occurs, which is taken
to warehouse after additional heat treatment in furnace 21.

Thus, as a result of recycling spent MDZVC according to the given hardware-technological scheme,
technical products are obtained: A - graphite, B - ammonium chlorine zincate, C — zinc complex, D — man-
ganese dioxide, E — steel constituent element.

The developed hardware-technological scheme of MDZVC scraps recycling, supplemented by innovative
methods of recycling similar technical products, is recommended by the authors for industrial use.

Conclusions

Ecological aspects of scraps recycling of electrochemical cells, applying recycling principles for safe disposal of
their metallic and non-metallic parts were considered. The technological scheme of safe utilization of manganese
dioxide-zinc voltaic cell scraps has been proposed, which under innovative approach enables to include their separate
components in a new life cycle of technical production; at the same time, it is energy-saving, resource-saving, and
non-waste. Graphite is used to obtain other voltaic cells, graphite lubricants, electrodes, and contacts. Potassium zin-
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cate is used for electrochemical zinc extraction, and alkaline solution is reused in the technological scheme. It is ex-
pedient to use ammonium chlorine zincate for crop growth and development, and manganese dioxide — as a compo-
nent of batch mixture at ferromanganese production as a depolarizing element in dry cells, a component of mineral
pigments. The creation and correction of the hardware-technological scheme of recycling MDZVC scraps taking
into account the principles of safe utilization are possible also by means of CADE, Concept Draw Pro, Diagram De-
signer, and other computer programs.
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