
IOP Conference Series: Materials
Science and Engineering

     

PAPER • OPEN ACCESS

Reducing the risks of water and territory pollution
by toxic metal-containing effluents of machine-
building industry
To cite this article: G B Brayalovsky et al 2019 IOP Conf. Ser.: Mater. Sci. Eng. 481 012039

 

View the article online for updates and enhancements.

You may also like
Design and Simulation of Washing
Machine using Fuzzy Logic Controller
(FLC)
N Wulandari and A G Abdullah

-

Development of a Human Powered Pedal
Washing MACHINE
M A Fajobi, E Y Salawu, J Azeta et al.

-

Passive washing using inlet-pressure
difference and a washing valve
Byung-Kwon Kim, Sung-Jin Kim, Sang-
Youn Yang et al.

-

This content was downloaded from IP address 212.193.79.61 on 18/03/2024 at 10:37

https://doi.org/10.1088/1757-899X/481/1/012039
https://iopscience.iop.org/article/10.1088/1757-899X/384/1/012044
https://iopscience.iop.org/article/10.1088/1757-899X/384/1/012044
https://iopscience.iop.org/article/10.1088/1757-899X/384/1/012044
https://iopscience.iop.org/article/10.1088/1757-899X/811/1/012035
https://iopscience.iop.org/article/10.1088/1757-899X/811/1/012035
https://iopscience.iop.org/article/10.1088/0960-1317/17/4/N03
https://iopscience.iop.org/article/10.1088/0960-1317/17/4/N03
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjss-E_2gR9qT3HLD2d0nv_z8oJAPiYIv40mJCEzm6PtmyQclCFNXA1xbHdEV0S0UJjrY3XG5zb2-f8Ndtm4_GsnyHa4BZE9i0EhTAW3SjgU9zQUsMIJHUlGarTynZ6B0KRjALDRpIVg_ow_F2m3CjzFdsBv9ZNqBWb-Xt0oJN-Rx6T3Mns6fKed7YHJjepssujc-FmzTEqSpFFnZGnpV0xpE4Lb0FAKMYZ0t3tS13os6PIXpqeW96c8fQ8uiWyvg0wjVKutjiwrkvMWT_m7D01MWAbZ8mgY1oltnYFbVNUmyM14PptnuiYZ6f2ptCvjegCek54DLcWtA-NNfZB2V3lA&sig=Cg0ArKJSzOnIGbOB4JJv&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://ecs.confex.com/ecs/prime2024/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3Dprime_abstract_submission


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

Safety 2018

IOP Conf. Series: Materials Science and Engineering 481 (2019) 012039

IOP Publishing

doi:10.1088/1757-899X/481/1/012039

1

Reducing the risks of water and territory pollution by toxic 
metal-containing effluents of machine-building industry 

G B Brayalovsky1 , O B Naschetnikova1, E V Migalatiy1 

1Ural Federal University, 17, Mira Street, Ekaterinburg 620002, Russia, 

E-mail: o.b.naschetnikova@urfu.ru 

Abstract: The article is devoted to the baromembrane method for cleaning washing waters of 
degreasing sites and for the bright nickel plating of galvanic productions. The authors analyzed 
specific features of technologies for part metallization in terms of the formation and separation 
of washing wastewater flows for their separate cleaning. Studies were carried out on the 
membrane extraction of nickel sulfate and sodium phosphate compounds on two types of 
membranes: nanofiltration OPMN-P and reverse osmosis Hydranautics ESPA-1. High 
selectivity (98-99,9%) and specific productivity of OPMN-P membranes (25 l/m2 per hour) 
were proved during the extraction of nickel sulfate and sodium phosphate at concentration 
ranging from 50 to 200 mg/l specific to washing water of the processes of degreasing and 
bright nickel plating. The advantage of using nanofiltration membranes OPMN-P over reverse 
osmosis Hydranautics ESPA-1 membranes was substantiated. A technological scheme to create 
a closed water supply system at these sites was developed. 

1.  Introduction 
Machine-building industry, the most important technological stage of which is the processing of metal 
products by applying various kinds of metal coatings, can be considered a critical infrastructure as it is 
extremely water-intensive and environmentally hazardous. 

Technological lines of part metallization are linked to chemical and electrochemical treatment of 
metal surfaces in a water medium. Therefore, the formed wastewater contains toxic compounds of 
surfactants, acids, alkalis and transition metals ranging from tens of milligrams to hundreds of grams 
per 1 dm3 [1, 2]. Soluble complex compounds of heavy non-ferrous metals (copper, nickel, chromium, 
cadmium) are especially dangerous, since they are difficult to neutralize in traditional treatment 
facilities and pose a threat to the pollution of water bodies [3]. These toxic substances can cause 
diseases of the central nervous system, blood vessels, heart, liver and other organs in humans. In 
addition, they have a mutagenic effect, both for humans and aquatic biota. 

To this end, the task of improving the technology of purification of metal-containing wastewater in 
order to create closed technological cycles and reduce the discharge of polluted effluents into bodies 
of water is highly relevant. 

2.  Specific features of the part metallization technologies 
The process of applying metal coatings usually consists of two stages that is preparation of the product 
surface for coating (mechanically or chemically) and application of coating [4, 5]. Because of these 
processes, two main types of effluents like waste electrolytes and various washing waters are formed. 

http://creativecommons.org/licenses/by/3.0
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As a rule, concentrated effluents are regenerated and processed individually in each specific 
metallization line. 

After each of the preparatory and basic technological operations the product is washed in cold or 
hot water. Washing products after the electrolyte bath helps to maintain the chemical composition and 
purity of the solution in a subsequent processing bath. The washing is usually carried out in the flow-
through baths. 

This method of washing uses a large amount of water (up to 2 m3/m2 of coating), and a significant 
amount of electrolyte enters the wastewater. Reduction of the amount of washing water and decrease 
in the loss of metals can be achieved through the installation of recovery baths, the use of advanced 
washing methods, etc. [4, 6].  

All waste waters from the chemical and electrochemical metal processing are divided into three 
main groups based on the content of contaminants: cyanide-containing (contain highly toxic 
hydrocyanic acid compounds); chromium-containing (contain highly toxic compounds of chromium 
(VI)); acid-alkaline (contain free mineral acids and alkalis, salts of heavy, alkali metals and 
ammonium, organic compounds, etc.) [5].  

The joint disposal of cyanide-containing and acid-alkaline or chromium-containing wastewater is 
unacceptable because of the possibility of formation and emission of highly toxic gas - hydrogen 
cyanide - into the production facilities. The joint disposal of chromium-containing and acid-alkaline 
wastewater and their subsequent neutralization inevitably results in a significant overexpenditure of 
reagents. 

Therefore, cyanide-containing and chromium-containing effluents are processed separately and the 
solutions of the recovery baths and washing waters in the areas of nickel plating, copper plating, 
galvanizing, degreasing and other operations are mixed in acid-alkaline waste and sent to a 
neutralization station. Neutralization of ions of heavy non-ferrous metals is carried out through adding 
water-soluble alkaline reagents to wastewater. As a result, metal ions are converted into sparingly 
soluble hydroxides that precipitate. Flocculant polyacrylamide is used for better and more complete 
and rapid coagulation of hydroxides. The clarification time of neutralized water is 40 - 60 minutes; the 
sediment volume is up to 10% of the total volume of the liquid [1, 7].  

The reagent method is the most widespread in the Russian practice of neutralizing the wastewaters 
of galvanic productions. Its main advantage is an extremely low sensitivity to the initial content of 
contaminants. The main disadvantages are high residual salinity of purified water and high humidity 
of the sediment. This calls for additional purification of clarified water, as well as construction of 
facilities for sediment dewatering [8]. 

The amount of many components in the treated wastewater exceeds the maximum permissible 
discharge values for both urban sewerage and water bodies. The existing approach - neutralization of 
the general wastewater - leads to a presence of sediment with a high content of heavy metals, which 
cannot be extracted due to its complexity. The sediment is currently subject to landfill. The amount of 
sediments is constantly increasing. Today, they are the main pollutants of the environment on the 
territory of cities with machine-building industries. 

3.  Experimental results  
To solve this problem, the authors conducted research at one of the machine-building enterprises in 
Ekaterinburg. The research focused on the possibility of processing the nickel sulfate and sodium 
phosphate electrolytes using membrane plants equipped with the OPMN-P nanofiltration membrane. 

The choice of this type of membrane is due to the effective parameters of membrane separation, i.e. 
high specific permeate productivity and selectivity in many components (including various 
electrolytes in a soluble form). In addition, affordability and availability of domestic production of 
these membranes make them extremely attractive for use in treating wastewaters from ions of heavy 
non-ferrous metals.  

The authors carried out experimental studies on membrane purification of washing waters of the 
bright nickel-plating process with a concentration of nickel sulfate in the 10-50 mg/l range, as well as 
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of washing waters of the degreasing process with a concentration of sodium phosphate in the 5-100 
mg/l range. Moreover, in order to study the membrane characteristics at various concentrations of 
electrolytes, the authors conducted experiments on the concentration of washing waters to 10 g/l for 
nickel sulfate and sodium phosphate respectively. 

The experiments were carried out on a roll-type laboratory membrane installation using various 
types of membranes: nanofiltration OPMN-P and reverse osmosis Hydranautics ESPA-1.  

The aggregated results of the experiments are shown in Figures 1 and 2. 
 

 

Figure 1. Dependence of selectivity and specific productivity of membranes on the concentration of 
nickel sulfate; operating pressure 0,4 mPa, solution temperature 22°C 

membranes: a – OPMN-P, b – Hydranautics ESPA-1. 

 

 

Figure 2. Dependence of selectivity and specific productivity of membranes on the concentration of 
sodium phosphate; operating pressure 1,0 mPa, solution temperature 22°C 

membranes: a – OPMN-P, b – Hydranautics ESPA-1. 
 

Figure 1 shows that the nickel sulfate selectivity of the OPMN-P membrane at the concentrations 
typical for the washing waters of the nickel-plating process (ranging from 10 to 50 mg/l) has a 
maximum value of about 99.9%. A further increase in the concentration to 1000 mg/l leads to a slight 
decrease in selectivity to a level of 97.5– 98%. High selectivity of this type of membrane is due to the 
presence of a negative charge on its surface. In this case, even the ions, which are smaller than the 
diameter of the membrane pores, are electrostatically repelled from its surface and remain in the 
concentrate stream. 

In this concentration range, the specific productivity of the OPMN-P membrane remains stable – 
25 l/m2 per hour. However, further concentration leads to a sharp decrease in the specific productivity 
of the membrane, which is unacceptable. 

In contrast, the membrane separation parameters of the reverse osmosis membrane Hydranautics 
ESPA-1 are much lower in given concentration range: selectivity is only 93-95% and specific 
productivity is 15 l/m2 per hour, which is 1.7 times lower than that of the OPMN-P membrane. 
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A series of experiments on the membrane extraction of sodium phosphate, the results of which are 
shown in Figure 2, demonstrate that specific productivity of Hydranautics ESPA-1 membrane is 
significantly lower than that of the nanofiltration membrane at close values of sodium phosphate 
membrane selectivity at a concentration of 50 to 80 mg/l (approximately 98.4–99.9%), and it 
decreases with increasing solution concentrations. 

Thus, the possibility of use and effectiveness of Russian nanofiltration membranes OPMN-P in the 
development of technologies for cleaning washing wastewater from galvanic productions has been 
proved. 

Based on the research results, the technologies of separate processing of individual solutions of 
galvanic lines have been developed. The basis of the implemented technological schemes is the 
membrane concentration of the recovery baths solutions in degreasing and bright nickel-plating sites. 
These technologies made it possible to reduce significantly the removal of nickel and phosphate ions 
to general wastewater treatment plants. However, they did not solve the problem of a large 
consumption of washing water, which is irrationally discharged into the city sewage system. 

Thus, a new technological scheme has been developed (Figure 3) that allows comprehensively 
processing washing solutions of degreasing and bright nickel-plating sites, preventing their discharge 
into acid-alkaline wastewater. 

 

 

Figure 3. Technological scheme of the installation for complex processing of solutions of recovery 
baths and washing baths in the degreasing and bright nickel plating sites; M1 – degreasing line 

membrane unit; M2 – bright nickel plating line membrane unit; F1 – mechanical cleaning filter; F2 – 
sorption filter; F3 – H-cation filter; F4 - OH-anion filter. 

 
Basic components of the degreasing solution are sodium phosphate and caustic soda. The salt 

composition of the technological solution of bright nickel plating is determined by nickel sulfate. 
According to the technological scheme, the solution of the degreasing line recovery bath is 

periodically discharged into the concentrate tank of the degreasing line. This solution is concentrated 
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as follows: the solution from the concentrate tank of the degreasing line is directed to the membrane 
unit. Two streams are formed at the exit from the membrane unit: 

• concentrate (with increased salt content); 
• filtrate (permeate with low salt content). 

Concentrate is returned to the concentrate tank of the degreasing line, and permeate is returned to 
the combined filtrate tank. Thus, a solution with a low salt content leaves the concentrate tank and the 
concentration occurs. The concentrated solution, if necessary, is sent to compensate for the losses in 
the processing bath of the degreasing line. 

The solution of the recovery bath of bright nickel-plating line is pumped to the concentrate tank of 
the bright nickel-plating line. This solution is concentrated similarly to the concentrate of the 
degreasing line. 

The filtrate is sent to the combined filtrate tank, and the concentrated solution is sent to compensate 
for the losses in the processing bath of the bright nickel-plating line. 

The filtrates are mixed in a combined filtrate tank, in which the following reactions occur:  

NiSO4 + Na3PO4 → Ni3(PO4)2↓ + Na2SO4 

NiSO4 + 2NaOH → Ni(OH)2↓ + Na2SO4 

The formed sediment of nickel phosphate is retained on the mechanical filter (F1). Sulfate ion, 
chloride ion and excess phosphate ion are retained on the anion exchange filter (F4). Sodium ion is 
retained on the cation exchange filter (F3). Organic substances and surfactants, which could have 
entered washing baths on the surface of the parts, are retained on the sorption filter (F2). The resulting 
desalted water is sent to the recovery and flow-through washing baths. 

The scheme implements the circulation of water from the flow-through washing baths through a 
combined filtrate tank. 

It should be noted that for continuous operation of ion-exchange filters, it is necessary to adjust the 
technological process in such a way that the solutions of both recovery baths are treated 
simultaneously. 

The issue of regeneration of ion-exchange filters was not considered, since the salt content of the 
combined filtrate is less than 20 mg/l, and simple replacement of ion-exchange resins or cartridges is 
the most rational option. 

4.  Conclusions 
Based on the results of the experiment, OPMN-P nanofiltration membrane having higher productivity 
compared to reverse osmosis membranes was chosen for complex solutions processing of recovery 
and washing baths in the degreasing and bright nickel-plating sites. Thus, during the concentration of a 
nickel sulfate solution on the OCMN-P membrane from 0.5 g/dm3 to 1 g/dm3, electricity consumption 
is 34% lower than during a similar process on the Hydranautics ESPA-1 membrane. 

The developed technological scheme allows to: 
• return valuable components to processing baths;  
• completely stop the discharge of solutions of the recovery baths and washing water into the 

acid-alkaline stream; 
• create a circulating water supply system in the degreasing and bright nickel plating sites. 
• In the future, the introduction of this technology will reduce the pollution of water bodies with 

metal-containing wastewater and improve the ecological situation in Ekaterinburg. 
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