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Abstract. The article is devoted to the study of reducing the 

technogenic load on the environment due to the integrated 

processing of household metal scrap. A waste-free, resource 

saving, and environmentally safe method is proposed for 

extracting technical products from tin cans scrap - iron (III) 

oxide, tin (II) complex, suitable for further use, a mixture of 

ammonium and sodium nitrates as fertilizer for agriculture. As 

a result of theoretical and experimental studies, the direction of 

cans scrap recycling was selected with an assessment of the 

parameters and factors affecting the reagent process of scrap 

disposal. To verify the proposed method for can scrap 

processing in experimental studies, the reagent method and 

physical modeling were used together. The processes of the 

reagent can scrap recycling were studied in a laboratory 

installation. The results of studies on the reagent can scrap 

processing with the individual component allocation in the form 

of their derivatives are presented. A block diagram and a 

hardware-technological scheme for scrap processing with the 

receipt of technical products have been developed. The 

possibility of processing other metal-containing wastes 

according to the proposed scheme is shown. 

 

Key words: iron, tin, reagent method, processing scheme, 

utilization. 

 

1. Introduction 

 

In recent years, the intensive mineral extraction to 

maintain a high level of technologies and industry 

development leads to a noticeable depletion of non-

renewable resources. 

The increase in the technogenic load on the 

biosphere is largely influenced by the low level of 

production utilization and consumption waste, which 

does not exceed 8 % with the total amount of waste 

reaching billions of tons (Protsenko et al., 2011). 

The utilization problem of industrial and 

household waste in Ukraine is becoming more and more 

urgent, since these volumes are constantly growing, 

ahead of the introduced technologies for their utilization 

(Protsenko et al., 2017). Industrial and household wastes, 

which are stored annually at landfills, tailing dumps, and 

unplanned dumps, require the allotment of more and more 

areas and an increase in the existing storage sites, 

negatively affecting the biogeocenosis (Protsenko et al., 

2011; Nigbur et al., 2010). 

Modern requirements for the environmental safety 

of waste storage sites and trends in the socio-economic 

development of society are aimed at ensuring the 

sustainable development of various production, where 

one of the raw materials is the products of processing 

man-made waste. 

The ecological and economic substantiation of the 

integrated use of secondary resources creates the 

preconditions for the development of technologies for 

industrial and household waste utilization and allows to 

reduce the shortage of natural raw materials due to its 
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depletion (Afanasyeva et al., 2008; Bezfamilnaya et al., 

2012;  Giurco et al., 2014). In many countries, a 

secondary raw material industry has already been formed 

and is successfully developing, the main purpose of 

which is to provide the necessary raw materials for 

industrial enterprises, and, in some cases, to obtain target 

products from waste (Selivanova et al., 2011; Tarakanov, 

2014; Giurco et al., 2014). 

Another direction of waste processing is solid 

household waste disposal with the extraction of valuable 

resource components, which allows us to minimize their 

accumulation, preserve natural resources and reduce the 

harmful impact on the environment (Yavorskyi et al., 

2014; Delo et al., 2018). 

Both directions are significant in the educational 

process of environmental orientation (Ugulu, 2015). 

Used tin cans (TC), which are thrown away 

together with household waste, are one of the household 

waste components since the problem of their separate 

collection and processing in Ukraine is still unresolved. 

The environmental hazard of TC scrap is 

associated with the fact that in addition to iron it contains 

tin which has a high toxic, carcinogenic, and mutagenic 

effect on living organisms and the environment in 

general. This is indicated by the results of natural 

objects monitoring using modern research methods 

(Abdelrahman, 2015). 

TC scrap recycling by pyrometallurgical methods 

does not allow tin extraction; during the TC scrap 

melting, tin is transformed into the iron melt (Chupakhin 

et al., 1974; Savov et al., 2003). It is also unreasonable to 

separate tin from waste electronic devices by 

pyrometallurgical methods (Khaliq et al., 2014). If 

aluminium cans are present in TC scrap, then aluminium 

is converted into slag when iron melts (Capuzzi et al., 

2018; Markus et al., 2012). 

However, TC scrap, when developing an effective 

technology for its processing, can also serve as a source 

of obtaining a wide range of valuable components, in 

particular, metals and their compounds, fertilizers 

(Tarasova,  2012), coagulants (Deena et al., 2019) thereby 

increasing the life cycle of technical products (Arena et 

al., 2016; Finnveden et al., 2009) by the provisions of the 

sustainable development concept. 

The research aims at the development of an 

environmentally safe, resource-saving technology for a 

hardware-technological scheme for recycling TC scrap, 

with a return to the production of tin and iron in the form 

of their derivatives. 

 

2. Literature review 

 

A systematic approach to the conservation and 

reproduction of natural resources is a prerequisite for 

sustainable development. In this regard, complex 

solutions for the processing of secondary resources allow 

to increase the life cycle of raw materials extracted from 

the earth's depths and reduce the technogenic load on the 

environment (Castro et al., 2009; Dai et al., 2015; 

Finnveden et al., 2009). 

Currently, industrialized countries have developed 

various methods for recycling metal scrap as secondary 

raw materials, all of which are differentiated by the type 

of metal and/or alloy, the presence and nature of 

impurities, the goals and objectives of processing. An 

example of this is the reagent processing of aluminium 

scrap to obtain a coagulant for the treatment of industrial 

effluents – polyaluminium chloride (Shakila, 2013; 

Deena et al., 2019). Based on the type of waste prevailing 

in a given region and taking into account the 

environmental component, one or another method of 

disposal is chosen. 

An urgent task of modern society is also the 

implementation of a comprehensive technology for 

processing and utilization of waste from electroplating 

industries, which can pollute the environment with 

compounds of heavy metals (Protsenko et al., 2011; 

Selivanova et al., 2011). The latter include copper, nickel, 

chromium, cadmium, zinc, and others. 

The technologies of electrodialysis, ion exchange, 

ultrafiltration, reverse osmosis, etc., which are energy-

intensive and require special equipment, have been 

developed to extract metals from electroplating industries 

sludge. The reagent method for recovering iron, 

copper, nickel-containing sludge from galvanic 

production presented in (Selivanova et al., 2011) is an 

environmentally safe, energy- and resource-saving 

technology. 

Vacuum distillation, pyrometallurgical and 

hydrometallurgical technologies are used to extract lead, 

nickel, cadmium, zinc, mercury, silver, cobalt, and 

lithium oxides from waste power sources – accumulators 

and small power sources (batteries) to obtain valuable 

resource components. 

However, an environmentally friendly and cost-

effective technology that would make it possible to 

recycle expired batteries into products of the appropriate 

quality has not been developed yet. 

Today, the metal-containing waste recycling with 

the production of secondary metals and their derivatives 

is becoming more widespread in the world, and their 

share in the raw material structure is constantly increasing 

(Afanasyeva, 2008; Bezfamilnay, 2012; Castro et al., 

2009; Dai et al., 2015; Tailoka et al., 2003). 

This statement is also true for the disposal of a 

fairly significant household waste component, such as 

TC. In the traditional TC scrap remelting process, the 

most valuable component, tin, is irreversibly carried 
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away. To remove the tin from ferrous scrap, a thermal 

separation method was used at a relatively high 

temperature of 700 °C (Lopez-Delgado et al., 2005). 

For effective metal recycling, oxygen is also used 

in metallurgical methods to blow molten metal, which 

provokes chemical reactions that rid the melt of 

unnecessary impurities: sulfur and phosphorus. The 

required characteristics of secondary raw materials are 

also achieved due to the addition of other elements: 

cobalt, nickel, chromium, and vanadium. 

An increase in the target product yield in 

metallurgical methods is also achieved by the use of 

fluxes, as, for example, in the production of aluminium 

from TC scrap (Shakila, 2013). However, thermal 

methods, due to their high energy consumption and 

harmful effects on the environment, are increasingly 

being replaced by electrochemical and chemical methods 

(Kuntyi et al., 2006; Savov et al., 2003; White et al., 

2012).  

The electrolytic method is realized when 

extracting tin from waste tinplate using stannate alkaline 

electrolytes, in which sponge tin is obtained. The 

chemical method is used in an alkaline electrolyte under 

the action of an oxidizing agent (methanitrobenzoic acid) 

with the simultaneous deposition of tin in the form of a 

dense metal, in which metal tin is obtained directly. 

Another option for removing the tin coating from 

pre-crushed and deformed tinplate waste is the reagent 

leaching method with NaOH solution which occurs at a 

temperature of 70 °C. The process of complete tin coating 

removal from the surface of the tinned sheet under such 

conditions occurs in 30–35 min (Kurylets et al., 2013). 

Along with this, electrolysis-free removal of a thin tin 

coating from tinplate waste in sodium hydroxide 

solutions with periodic dipping into a NaOH solution, as 

studies show, occurs by an electrochemical mechanism at 

a temperature of 65–75 °C (Kuntyi et al., 2006). 

Along with the development of technologies, the 

hardware process design is also being improved (Kurylets 

et al., 2013). However, the high energy costs, low 

efficiency, and relatively high toxicity of these 

methods make these methods of TC scrap recycling 

uncompetitive. 

The most promising reagent method for 

converting TC scrap into a dissolved state is the use of 

nitrate acid, the salts of which are highly soluble, which 

makes the TC recycling process real and effective. 

At present, despite a slight global decrease in 

tinplate consumption along with a decrease in the tin 

coating thickness, interest in efficient TC scrap recycling 

remains high. This is especially typical for countries 

lacking tin raw materials, where the environmental and 

economic aspects of solving the problem of the TC scrap 

recycling are especially relevant (Bezfamilnay, 2012; 

Protsenko et al., 2011). 

 

3. Experimental part 

  

To develop an environmentally safe, resource-

saving technology for TC scrap recycling, it was 

necessary to solve the following problem: develop 

technology based on the results of laboratory experiments 

[Protsenko et al. 2017], and then a hardware-

technological scheme for TC scrap recycling with the 

extraction of technical products – derivatives of tin and 

iron. 

The achievement of this goal was carried out by 

theoretical and experimental studies, which made it 

possible to choose the direction of TC scrap recycling 

with an assessment of the parameters and factors of 

influence on the reagent TC scrap recycling process. In 

experimental studies, a reagent method and physical 

modelling were used together to verify the proposed 

method for TC scrap processing. 

The reagent method proposed and developed for 

the TC scrap processing is based on the differences in the 

chemical properties of tin, iron, and their compounds. The 

reagent TC scrap processing proceeded in stages and 

included physical and chemical methods, as well as 

technological methods, for example, acid-base treatment, 

crystallization, filtration, evaporation, and calcination 

(Fig. 1). Various analytical instrumental methods were 

also used. 

The processes of reagent TC scrap processing 

were studied on a laboratory installation which comprised 

a five-necked flask, a paddle stirrer with an electric 

motor, a dropping funnel, a reflux condenser, a 

temperature reaction mixture sensor, a compressor feed 

capillary with an airflow sensor, and a heating element. 

The installation was also equipped with a control unit, 

which includes a power supply unit and a measurement 

unit for controlling the heating and aeration processes 

during the laboratory research. 

First, TC scrap was prepared for recycling, 

separated from non-magnetic impurities and obvious 

contaminants, washed with water, removed the protective 

coating, labels, varnish, and degreased. The discrepancy 

in weight before and after preparation of the TC scrap for 

processing was insignificant. Pre-crushed TC scrap was 

placed in a five-necked flask equipped with a paddle 

stirrer with an electric motor. Diluted nitrate acid was 

added to the flask with stirring from a dropping funnel 

until the TC scrap was completely dissolved. 

At the next stage, an aqueous solution of a mixture 

of tin, iron, and ammonium nitrates was treated with a 

stoichiometric sodium hydroxide amount, passing an 

excess air amount into the solution with stirring. 
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The suspension of crystals was filtered off, obtaining 

a precipitate in the form of a mixture of Stannum (II) and 

Ferrum (III) hydroxides and the filtrate, a solution of sodium 

and ammonium nitrates. The filtrate, after evaporation on a 

rotary evaporator, formed a technical mixture of sodium and 

ammonium nitrate crystals. 

 

 
 

Fig. 1. Scheme of reagent processing of TC scrap: 

1 – preparation and grinding of TC scrap, 2 – dissolution, 3 – oxidation, 4, 7 – filtration, 5 – evaporation,  

6 – NaOH treatment, 8 – drying / calcination, 9 – drying 

 

The Stannum (II) and Ferrum (III) hydroxides 

precipitate were dissolved in an excess of sodium 

hydroxide. 

The resulting suspension of crystals was filtered 

off to obtain a Ferrum (III) hydroxide precipitate, which 

was evaporated, dried, and calcined in a muffle furnace to 

obtain Ferrum (III) oxide. The filtrate containing sodium 

tetrahydroxostannate (II) was evaporated on a rotary 

evaporator to obtain the target substance, tin, in a dry 

form. 

The control of the feedstock composition and 

disposal products was carried out using modern methods 

of analysis and metrological requirements. 

The expected factors of influence on the processes 

proceeding in the flask under the reagents influence were 

the stirring rate and temperature, however, their influence 

during the reagent processing of TC scrap was insignificant. 

 

4. Results and Discussion 

 

Based on the results obtained in laboratory 

conditions, a hardware-technological scheme for the 

reagent TC scrap disposal has been developed (Fig. 2). 

The determining factors in the development of a 

technological scheme for TC scrap processing are 

environmental, technical, economic, and social factors. 

The scheme includes standard equipment the 

operating parameters of which are calculated by the 

known techniques contained in special literature (Deena 

et al., 2019; Pande et al., 2015). 

At all sections of the TC scrap recycling, full 

technological operation mechanization should be used 

with the transition of the entire line for the TC scrap 

processing to the automatic mode. It should also provide 

for the possibility of adjusting the parameters of the 

technological line in a wide range using the software. 

After preliminary cleaning, TC scrap prepared for 

processing is loaded into the measuring tank 1, then it 

goes to crusher 2, and the dispersed material gets to feeder 

hopper 3 and then to conveyor 4, and finally into 

measuring tank 5. 

In reactor 6, equipped with a stirrer with an electric 

drive, dispersed TC scrap from measuring tank 5 and 

diluted nitrate acid from measuring tank 7 in the required 

amount are fed. As a result of TC scrap dissolution, a 

mixture of various nitrates is formed, which then enters 
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reactor 8, equipped with an electric stirrer. The required 

amount of sodium hydroxide and air from compressor 9 

are fed into it from measuring tank 10. 

As a result of the chemical processes, an aqueous 

suspension is formed, which is separated on decanter 11 

(decanter centrifuge, for example, by Alfa Laval, 

Westfalia Separator, Haus, Broadbent). The filtrate is 

subjected to evaporation in apparatus 12 and drying in 

apparatus 13, after which a mixture of sodium and 

ammonium nitrates arrives at the warehouse. 

 

 
Fig. 2. Hardware-technological scheme for the TC scrap processing: 

1 – measuring tank, 2 – crusher, 3 – feeding hopper, 4 – conveyor, 5, 7, 10, 16 – measuring tanks,  

6, 8, 15 – reactors, 9 – compressor, 11, 17 – decanter centrifuges, 12, 18 – evaporators,  

13, 19, 20 – dryers, 14 – screw feeder 

 

The precipitate is removed from decanter centrifuge 

11 and screw feeder 14 is fed into reactor 15 equipped with 

an electric stirrer. This also receives the required Sodium 

hydroxide amount from measuring tank 16. 

Upon the reaction completion, the aqueous 

suspension is fed to decanter centrifuge 17. The filtrate is 

subjected to evaporation in apparatus 18 and drying in 

apparatus 19, after which disodium Stannum (II) 

tetrahydroxide is fed to the warehouse. 

The precipitate is removed from decanter 17 and 

fed to dryer 20, and the dry product - Ferrum (III) oxide 

is fed to the warehouse. Condensate of demineralized 

water obtained in the process of evaporation and drying 

is used for technical purposes and/or raw materials 

preparation for processing. 

5. Conclusions 

 

The expediency of the step-by-step selective 

separation of tin from iron in the form of their derivatives 

with the receipt of technical products is shown. The 

developed technology and instrumental-technological 

scheme of TC scrap recycling, like the method itself, is 

waste-free, environmentally safe, and resource-saving. 

Tin cans recycling according to the indicated 

scheme allows obtaining: 

– sodium tetrahydroxostannate (II), used as a 

reducing agent in organic synthesis, 

– Ferrum (III) oxide for technical use, 

– ammonium and sodium nitrates (fertilizer for 

agricultural crops), 
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– combined steam condensates for technological 

needs. 

The authors recommend considering the developed 

method and technology scheme for industrial application. 

With additional modification, this technology can be 

applied for processing other types of scrap containing tin, 

for example, spent lead-tin batteries. 
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