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ABSTRACT 
 

The raw materials of the metallurgical industry have an important chemical 

reactivity and when they come in contact with the environment, they can generate 

effects that in most cases are harmful. Chemical reactions from the solid / liquid 

interface showed a chemically active environment which caused the formation of 

reaction products with a certain degree of environmental damage. 

The paper aimed to address the interaction between some coarse (0.8 mm) 

and fine (0.04 mm) ferro-alloys (FeSi with 45% Si) with a physical simulation 

medium - distilled water for the possible determination of a change of pH. For this 

purpose, chemical composition determinations were made by the EDX method and 

the morphological characterization of the surfaces by the SEM electron scanning 

method. Also, pH measurements were made on different granulations and quantities 

of FeSi45. 
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1. Introduction 
 

In general, the raw materials used in the 

metallurgical industry due to the quantities used and 

their intrinsic physico-chemical characteristics can 

cause harmful effects on the environment. A 

suggestive example of raw materials with harmful 

potential used in steelmaking processes can be given 

by the usual ferroalloys - FeSi45 in this case. They 

contain in addition to the main chemical elements Fe 

and Si and traces of other chemical elements such as: 

Na, K, Al, Ca, Ni, P, S. resulting from the processes 

of elaboration of ferroalloys. Because the presence of 

these chemical elements in the industrial processes of 

obtaining ferroalloys are not specifically mentioned 

in international standards SR ISO 5445/1995 [1], they 

nonetheless feel their presence coming from the 

chemical composition of the raw materials that make 

them and are confirmed when chemical analysis is 

performed by EDX method in detail. 

The paper aims to show that these chemical 

elements have direct effects on the environment. The 

impact on the environment is given by the fact that 

these raw materials are used in high quantities and 

their transport is done in bulk. Also, their storage is 

possible also by placing them directly on the ground 

in closed or open warehouses. Upon the contact of 

this with the water from the atmosphere (rain), they 

are washed and the water infiltrates the soil causing 

harmful effects on it in the sense of changing the 

physico-chemical character, in this case, the pH of 

rain or snow water, etc.  

By the appearance of some changes in the pH of 

a physical simulation environment, that is, an aqueous 

extract consisting of distilled water and granular 

particles of FeSi45 with different dimensions, the 

degree of harmfulness of the chemical elements 

present on the active chemical surfaces of the ferro-

alloy particles. For this purpose, experiments were 

performed to form an aqueous extract consisting of 

distilled water (50 mL) with granular particles of 

FeSi45 ferroalloys with coarse (0.8 mm) and fine 

(0.04 mm) particle sizes. 

 

2. Materials and methods 

 

The determination of the changes of the 

chemical character of the environment by physical 

simulation was made by choosing a common 

dissolution medium - the fresh distilled water called 

and demineralized water because the impurities 

contained by the distillation process which involves 
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the boiling (vaporization) were eliminated, and then 

by the condensation of the vapor obtained into a 

container followed by pH measurements. 

We mention that there may be other methods of 

obtaining distilled water such as deionization and 

reverse osmosis [2]. 

Water, in general, has an amphoteric character 

that can be highlighted by the auto-protolytic reaction 

and thus it dissociates into H+ and OH- ions [5, 6]. 

H+ ions (or H3O+ ions) give the aqueous solution 

an acidic character and OH- ions give the same 

aqueous solutions an alkaline character [6]. 

 

H2O  H+
(aq) + OH-

(aq)                 (1) 

 

One way to determine the acid-base character of 

aqueous solutions is to use the notion of pH [5]. Thus, 

Sorensen defines pH (hydrogen index) as the decimal 

logarithm (base 10) with changed sign (cologarithm) 

of hydrogen ion concentration. When water (H2O) 

interacts with other chemical elements, some of the 

chemical bonds in the water break down and new 

chemical bonds are formed, at the same time 

releasing hydrogen and the effect is to change the pH 

which can increase or decrease. 

Literature [4, 7, 8] mention among the first ways 

to obtain safe hydrogen gas at low temperatures the 

use of FeSi in the presence of an alkaline NaOH and 

water environment. This results in the decomposition 

of water and the release of hydrogen from the liquid 

state into the gaseous state according to the chemical 

reaction [9]: 

 

Si + 2NaOH + H2O     Na2SiO3 + 2H2       (2) 

 

It is also possible to ambient temperature and 

the reaction [10]: 

 

Si + 2H2O   SiO2 + 2H2                 (3) 

 

The direct effect is the pH shift of distilled 

water and this can be accounted for by the 

decomposition reaction of water and the release of H 

ions. 

The second component is given by solid 

granular particles of FeSi45 with coarse (0.8 mm) and 

fine (0.04 mm) particle size fractions. For these, the 

morphology of the surface and the chemical 

composition were analyzed using the electron 

scanning electron microscope (SEM) equipped with 

an electronic probe (EDX) from Fei Quanta 200. 

The measurements involved the introduction of 

granular particles into distilled water followed by 

mechanical stirring and pH measurements. To 

determine the pH of the aqueous extract we used a 

Hach Lange HQ40d multiparameter. 

 

3. Results and discussions 
 

The morphological analysis of the chemically 

active surface revealed a rough surface, often with 

defects that further enlarged the surface. 

 

 
 

Fig. 1. Surface morphology of a granular 

particle of FeSi45 by SEM electron microscopy 

[3] 
 

It should also be mentioned that the FeSi45 

ferroalloys have a rather high friable character which 

during the handling creates new active chemical 

surfaces by mechanical crushing, increasing the 

harmful effect even more. 

 

 
 

Fig. 2. Chemical analysis of a granular particle of FeSi45 with the help of the EDX probe 
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The analyzed surface of the sample revealed the 

presence of active chemical elements in low 

concentrations of Na, K, Al, Ca, Ni, P, S at the trace 

level with a possible significant impact on the 

environment. The identification of these chemical 

elements suggests that at the contact with an aqueous 

environment the pH may swerve to the alkaline 

domain. 

The high oxygen concentration can represent for 

us an indicator of the high reactivity of the surfaces 

with direct consequence in the formation of oxides. 

 

Table 1. The values of the measured parameters of the aqueous extract consisting of FeSi45 

with particle size 0.8 mm and 0.04 mm 
 

No 

Component Component Indicator 

A 
Quantity 

[ml] 
B 

Granulation 

[mm] 

Quantity 

[g] 
pH 

Temperature 

[oC] 

A1 Tap water 50 - - - 7.71 23 

A2 Distilled water 50 - - - 6.77 23 

A3 Distilled water 50 FeSi 45 0.8 0.5 9.05 23 

A4 Distilled water 50 FeSi 45 0.8 5 10.21 23 

A5 Distilled water 50 FeSi 45 0.8 50 10.92 23 

A6 Distilled water 50 FeSi 45 0.04 0.5 10.6 23 

A7 Distilled water 50 FeSi 45 0.04 5 10.85 23 

A8 Distilled water 50 FeSi 45 0.04 50 10.92 23 
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Fig. 3. pH values for aqueous extract with granular particles of FeSi45 with 0.8 mm 
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Fig. 4. pH values for aqueous extract with granular particles of FeSi 45 with 0.04 mm 
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The data shown in Figure 3 show an increase in 

pH values for the three concentrations (0.5 g, 5 g and 

50 g) of FeSi45 introduced into distilled water as a 

result of their chemical reactivity. An increasing 

tendency of the pH can be observed suggesting that 

when the number of particles is higher and the 

concentration of transferred chemical elements in the 

distilled water is higher resulting an aqueous extract 

with pH in the alkaline domain. 

In Figure 4 it can be observed an effect on the 

pH in the alkaline domain when we tested by the 

introduction of the granular particles of 0.04 mm. It 

can be observed also, an increasing tendency when 

was increased the chemically active surface, and this 

is being able to be accounted by the chemical 

elements from their surfaces. 

The results presented in Figures 3 and 4 show 

the formation of an aqueous extract with pH in the 

alkaline domain and thus an anionic rich water that 

can be used successfully in the industrial 

environment, a suggestive example being the 

emulsion of water in oil. The papers [11-13] show 

that water with pH in the alkaline domain stabilizes 

the emulsion of water in oil through an electrostatic 

stabilization mechanism. 

 

4. Conclusions 
 

The chemically active surfaces of the granular 

particles of FeSi45 with different granulations 

interacted with distilled water and they performed a 

chemical transfer of the constituents (Na, K, Al, Ca, 

Ni, P, S ions) changing the pH by turning it into 

alkaline domain. 

The formation reaction of the aqueous extract 

took place at ambient temperature and we can 

suppose that also in the environment it can be favored 

the increase of the pH. 

By correlating the chemical composition with 

the pH of the aqueous extract we can assume that the 

conditions for the formation of basic oxides such as 

NaOH, KOH and others have appeared. 

It can be observed an increasing tendency by 

relating the quantity of granular particles to the 

amount of distilled water that we can put on account 

of the available chemically active surface. This can be 

observed in both situations for 0.8 mm and for 0.04 

mm. 

Water with a pH in the alkaline domain can be 

used to stabilize oil emulsions in water. 

It is desirable to use these ferroalloys for the 

purpose for which they were developed for the 

economic advantages they have. 

The raw materials used in the metallurgical 

industry have a certain reactivity that requires 

attention because they can influence the quality of the 

environment. 
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