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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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БЕЗПЕЧНА УТИЛІЗАЦІЯ ВІДПРАЦЬОВАНИХ МАРГАНЕЦЬ-ЦИНКОВИХ 
ГАЛЬВАНІЧНИХ ЕЛЕМЕНТІВ 

В. П. Дмитриков1, О. О. Горб1, С. І. Бойко1, В. М. Єрмаков2 
1 Полтавська державна аграрна академія, м. Полтава, Україна 
2 Державна екологічна академія післядипломної освіти та управління, м. Київ, Україна 

Розглянуто екологічні аспекти, пов’язані з відпрацьованими марганець-цинковими гальванічними 
елементами, їхнім впливом на навколишнє природне середовище. Запропоновано загальну схему ме-
тодологічного підходу до переробки брухту гальванічних елементів, що включає використання інфо-
рмаційних технологій з обґрунтуванням вибору методу переробки і методик аналізів, процесу пере-
робки, вибору методу утилізації компонентів і подальшої їхньої реалізації. Розроблено безвідходну 
схему технологічної переробки брухту марганцево-цинкових гальванічних елементів, яка послідовно 
включає їх гідромеханічну і гідрохімічну переробку з дотриманням принципів економії ресурсів і енер-
гії. У процесі постадійної переробки брухту марганцево-цинкових гальванічних елементів застосо-
вують відомі технологічні прийоми і доступне апаратне оформлення, що використовується в хіміч-
ній технології і працює на основі гідромеханічних і гідрохімічних процесів. На всіх стадіях переробки 
брухту марганцево-цинкових гальванічних елементів використовують технохімічний контроль з об-
робкою отриманих даних за допомогою програмного забезпечення. В результаті переробки брухту 
марганцево-цинкових гальванічних елементів за запропонованою технологічною схемою отримують 
графіт, хлорцінкат амонію, комплекс цинку, діоксид марганцю. Безпечна утилізація брухту марга-
нець-цинкових гальванічних елементів за розробленою апаратно-технологічною схемою припускає 
повернення до сфери виробництва і споживання металевих і неметалевих компонентів. Пропонована 
схема є безвідходної, екологічно безпечною, з дотриманням екологічних норм для навколишнього при-
родного середовища регіону, її розробка є важливим етапом для проєктування промислового 
об’єкта. 

Ключові слова: акумуляторний лом, апаратно-технологічна схема, безпечна утилізація, гідроме-
ханічні процеси, гідрохімічні процеси, марганець-цинкові гальванічні елементи, продукти переробки. 

БЕЗОПАСНАЯ УТИЛИЗАЦИЯ ОТРАБОТАННЫХ МАРГАНЕЦ-ЦИНКОВЫХ 
ГАЛЬВАНИЧЕСКИХ ЭЛЕМЕНТОВ 

В. П. Дмитриков1, О. А. Горб1, С. И. Бойко1, В. Н. Ермаков2 
1 Полтавская государственная аграрная академия, г. Полтава, Украина 
2 Государственная экологическая академия последипломного образования и управления, г. Киев, Ук-
раина 

Рассмотрены экологические аспекты, связанные с отработанными марганец-цинковыми гальва-
ническими элементами, их влиянием на окружающую природную среду. Предложена общая схема 
методологического подхода к переработке лома гальванических элементов, включающая использова-
ние информационных технологий с обоснованием выбора метода переработки и методик анализов, 
процесса переработки, выбора метода утилизации компонентов и последующей их реализации. Ра-
зработана безотходная схема технологической переработки лома марганцево-цинковых гальваниче-
ских элементов, которая последовательно включает их гидромеханическую и гидрохимическую пере-
работку с соблюдением принципов экономии ресурсов и энергии. В процессе постадийной переработ-
ки лома марганцево-цинковых гальванических элементов применяют известные технологические 
приемы и доступное аппаратное оформление, используемое в химической технологии и работающее 
на основе гидромеханических и гидрохимических процессов. На всех стадиях переработки лома мар-
ганцево-цинковых гальванических элементов используют технохимический контроль с обработкой 
полученных данных при помощи программного обеспечения. В результате переработки лома марган-
цево-цинковых гальванических элементов по предложенной технологической схеме получают гра-
фит, хлорцинкат аммония, комплекс цинка, диоксид марганца.  Безопасная утилизация лома марга-
нец-цинковых гальванических элементов по разработанной аппаратно-технологической схеме пред-
полагает возвращение в сферу производства и потребления металлических и неметаллических ком-
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понентов. Предлагаемая схема является безотходной, экологически безопасной, с соблюдением эко-
логических норм для окружающей природной среды региона, ее разработка является важным 
этапом для проектирования промышленного объекта.  

Ключевые слова: аккумуляторный лом, аппаратно-технологическая схема, безопасная утили-
зация, гидромеханические процессы, гидрохимические процессы, марганец-цинковые гальванические 
элементы, продукты переработки 

 
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. 
 

 
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 aqueous 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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