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 Summary The article deals with variants of analysis and measurement to implement 
the optimal quality and safety control. This will enable to define standards for labour 

protection and quality control of final products. The current research also suggests 

measures permitting to manage risks of nanopowders usage and its effect on human 
health. The work was supported by RFBR «Potential risk assessment of the impact of 

nano-dispersed powders with metal and nonmetal compounds on environment and staff 

» (the project №11-08-00374). 
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The currency of the problem:   

 New materials show good promise, turning on technological breakthrough in different spheres of life and in 

different fields of human activity.  

 At the present stage of modern technological development porous permeable materials [PPM] are widely 

used and could be obtained according to the methods of powder metallurgy. One of its types is highly porous 

permeable cellular materials [HPCM] produced on basis of polyurethane foams. The consummate homogeneity 

of HPCM’s cellars in size, as well as its low structural anisotropy, are determinative factors in production of this 

class of elements. [1-4] (fig.1) 

 
 

Fig.1: The macrostructure of the leached sintered metal HPCM. 

 



444                                                                 I.V. Antsiferova et al, 2014 

Advances in Environmental Biology, 8(13) August 2014, Pages: 443-446 

 

 
 All of the processes aimed at structural and  properties’ changing  or creation of new products from powder 

chemical substances are connected with the risk of fires, explosions or release of toxic or combustible dusts, 

vapors, gases or industrial chemicals [2]. Another aim to raise physicochemical characteristics of products made 

from various materials is wide use of ultradispersed powders. Due to exceptionally small size, the powders not 

only have advantages but can also affect in a negative way.  The study has shown that particle size plays a very 

significant role in defining potential negative impact on the respiratory system: under the influence of physical, 

chemical and biological nature of the material; considering the dose of accumulated particles and its ability to 

move in the body [3].  

 During the elaboration of security management’s programme the following features should be taken into 

account: 

Interdependent continuity of operations, systems and organizations 

Quality control of technological processes, deviations, exceptions and changing of methods.  

Management and availability for monitoring and connection. 

Accountability at all levels. One of the basic quality indices is the human security index in production [4]. 

 Today all over the world the principal goal to improve enterprise management is creation and adoption of 

integrated management systems based on the ISO standards, series 9000, 14000, SA 8000, OHSAS series 1800, 

IDEF and others. These documents contain global experience in management of quality, ecology, staff, labour 

and industrial security, informational system support [5].  

 We are creating a system relying on the model which has concrete threats, violations of detailed remaking 

of the whole industrial process.  

 One of the most serious problems typical for technological processes is the necessity to provide a stable 

connection between new materials’ properties and such criteria of the process like quality and safety.   

 The aim of the work is to analyze quality and security of the process of producing chromal-based highly 

porous permeable cellular materials; study quality indices of the production process resorting to the process 

approach and in compliance with ISO principles 9001:2008, SS (state standard) ISO series 9000:2001; develop 

informational process-oriented model of quality management system control of  obtaining  highly porous 

permeable cellular chromal-based materials; work out complementary methods to detect superdispersed and 

nanoparticles and analyse its influence on human body and finally to elaborate the complex of engineering, 

technical and administrative measures to improve the technological process of producing chromal-based highly 

porous permeable material.  

To achieve this aim the following objectives have been considered: 

1. To analyse methods of obtaining and powder properties on production quality.  

2. To perform functional analysis of the process of obtaining highly porous permeable chromal-based material 

in functional simulation IDEF.  

3. To analyze the technological process life cycle of obtaining the highly porous permeable cellular chromal-

based material.  

4. To develop a model of process management lifecycle of obtaining highly porous permeable porous 

chromal-based material. 

5. To develop methods for the quality management process which regulates the activity and which is included 

in the documentation of quality management systems, satisfying standard requirements ISO 9001:2008; GOST 

ISO 9000:2001 series.  

6. To develop a methodology to assess the environmental safety for superdispersed and dispersed powders 

which are used in the technological process of obtaining highly porous permeable porous chromal-based 

material  

7. To apply results of the research on environmental risk management considering elements of 

environmentally safe technologies, engineering and administrative measures, creating safe conditions at work 

during the obtaining of highly porous permeable porous chromal-based material. 

 

Results:  

In the course of the current research the subjacent results have been brought:  

 The identification of qualitative aspects of technological process during production of the highly porous 

permeable chromal-based material by the method of functional simulation was accomplished.  

 The ecological aspect, which affects the production, was studied from the point of the possible impact on 

the quality of products. Using the functional simulation, all of the reasons affecting the quality of production 

have been taken into account.[6] 

 The ranking of the reasons in compliance with their importance and expert judgment was held basing on the 

paired comparison method and the Pareto principle.   

 Reasons found in the 80% area (the presence of  foreign body; a powder with unspecified granulometric 

composition; the dispersibility and morthology requirements of the powder haven’t been defined sufficiently;   
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the process rate of powders haven’t been established properly; the absence of sedimentary-stable suspension  at 

the stage of blank’s production; experience and reasonableness of  the executing person; infringement of rules 

related to inappropriate use of equipment) are considered to be significant.  

 Relying on the analysis of quality criteria of the technological process and on the FME-analysis, corrective 

measures are being developed. 

  The ecological index of a product– is one of the main characteristics stipulating its quality level. So far as 

nanoparticles have special physicochemical and biological properties unlike traditional materials, it is necessary 

to take strict control over technologies of nanoparticle production. The potential hazard connected with use of 

nanoparticles should be regarded as a new problem for the environment and human health. Powder metallurgy 

disposes of metallic powders incredibly various in their form (spherical, needle-shaped, lammelar, dendritic, 

spongy) and size from submicron to 1 mm and more.    

 However, not all of them can be used to obtain HPCM but those which can create sedimentary-stable 

suspensions and place densely on the surface of the polyurethane foam’s bridges.  In order to produce 

qualitative HPCM blanks it’s necessary to use round-shaped powders with a medium diameter of particles not 

more than 5-10 mcm and with a porosity number 0.45-0.5 in a tap position [7].  

 The development of slip HPCMs production technology has revealed the necessity to study additives of 

sintering activators since they can be analysed on the ground of their harmful effect on the human body and they 

have a direct influence on properties of charge and suspension.   

 The effect of cobalt on a human body is accompanied by skin irritation or irritation of the mucous 

membrane sometimes leading to ulceration. Mainly, cobalt is dangerous due to its ability to affect upper 

respiratory passages, lungs and eyes.  

 At the same time the usage of cobalt nanopowders in researches and production brings some risks and can 

be defined by influence of various physical and chemical (abiotic) factors. Small sizes, high rate of chemical 

potential stipulate high reacting catalitiс reactivity as well as penetrability of nanoparticles [8].  

 The forecasting of potential powder hazard was implemented with the help of forecasting and analytical 

procedures revealing harmful biological effects basing on the analysis of information about physical, 

physicochemical, molecular-biological, cytological, toxicological    and ecological properties of nanoparticles.   

 Having analysed risks of accidents, we have stated that production of HPCM from powders with defined 

granulometric and chemical composition using breakage method brings a hazard of environmental 

contamination and a possible inflammation as well as the effect on human health; the effect on human health 

depends on dispersed structure of the powder.    

 In the current research we have investigated morbidity and condition of functional systems of those workers 

who contacted superdispersed powders and nanopowders. The above mentioned suggestion about the primary 

effect on respiratory and cardiovascular systems have been confirmed [9-10]. Nonregular contact with metal 

powders causes in some cases a higher rate of vegetative-vascular dystonia diseases. However, lesions of the 

bronchial tree haven’t been observed.  Disease risk factor is about 30%. 

 Basing on the results of our work, we assumed that one of the main factors which influences on production 

of chromal-based materials with different additives, increasing durability and oxidation resistance and saving its 

unique properties is the safe technological process.  

To provide quality and safety in production of nanoproducts it is recommended:  

New effective equipment to make it less dangerous. 

High-energy equipment - the vibrating mill makes it possible to avoid powder inflammation and well-developed 

optimal modes   can regulate powder dispersibility, reducing dust formation. 

 In order to decrease the ecological loading we have worked out the process of use of the addition alloy’s 

dispersed fraction without cobalt components.    High-energy equipment allows to get coatings with the same 

characteristics as without cobalt components.  

 Another way to control safe influence of nanoparticles is possible use of clean premises and local 

ventilation.    

 If in laboratories industrial processes of small dimensions are carried out fume hoods are used.   

 To prevent a negative effect of nanopowders it is necessary to provide well thought-out protection of 

respiratory organs and skin. 

 Administrative measures should be also assumed supplementing technical methods in those cases when the 

latter can’t be fulfilled and don’t allow to take the entire control of risk factors.  

Moreover, it has been shown that occupational safety depends on how workers interpret:  

a) The organization’s work in the sphere of occupational safety –expectations and those engagements of the 

companies, which have been undertaken in fact. 

b) Their own explicit and implicit engagements in the sphere of occupational safety with respect to a company.  

Additionally, medico-prophylactic measures preserving workers’ health have been developed. [11] 
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Experimental researches on protective action of vitamins C, A, E have been conducted. The resulting 

information has been used to devise methodology of preventive healthcare and treatment for people occupied in 

the sphere of powder metallurgy.   

 Thus, risk management represents a step-by-step procedure, based on forecasting, logical sequence which 

allows to increase decision-making effectiveness and improve quality of work. Those organizations which 

manage efficiently their risks have better chances to succeed at a lower cost.  

 

Conclusions:  

It is for the first time for such a technological process the next contribution has been made:  

1. The production process of the highly porous permeable cellular chromal-based material by the method of 

functional simulation IDEF have been developed.  

2. The model of process management has been built. 

3. The lifecycle of technological production of the chromal-based HPCM and factors, influencing on the 

quality of production have been studied.  

4. For the first time the complex methodology of detection and estimation of ecological safety of the process 

for environment and staff using dispersed and nanodispersed powders of the highly porous permeable cellular 

chromal-based material was suggested.   

5. The engineering solutions, methodological and engineering modes reducing risks of quality and safety 

lowering with the help of process management, engineering and environmental production support have been 

found. 
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