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STREAMLINE OR CONSTRUCTIVISM: ARCHITECTURE 
OF KYIV IN THE LATE1920 s.

Abstract. The article presents the author’s analysis of the legitimacy of the term “Streamline” 
introduced to Kyiv architecture in the late 1920 s and early 1930 s, introduced from the American 
architectural field of that time as opposed to the traditional term Constructivism for domestic architecture. 
The study focused on two key objects that are most often referred to as “Streamline” or “rounded style” 
in our popular science media space: the first Doctor’s House and House of Institutions No. 2.

Keywords: architecture, avant-garde, Constructivism, streamline, new objectivity.
In the second decade of the XXI century, with 

the growth of patriotic sentiments in society, there 
is a growing interest among the general population 
in the early twentieth century in the context of as-
serting national identity and national exclusivity in 
contrast to the paradigms that dominated the USSR 
in the previous era. Architecture has not escaped this 
trend also – following other post-Soviet countries, 
modern popular science opens the art of the first 
three decades of the last century to a wide range of 
respondents, showing domestic achievements and 
successes that were partly forgotten by the rapid rota-
tion of art styles and political systems.

Curators of exhibitions and art projects, organiz-
ers of seminars and lectures, planning to attract the 
widest possible audience, often use eloquent names 
and comparisons, calling the domestic architecture 
of the period “modernism”, “Bauhaus”, and more 
recently “streamline” as opposed to the traditional 

term. As a researcher, we want to present our argu-
ments about the relevant terminology in this article.

Numerous publications and monographs by 
B. L. Yerofalov-Pylypchak [1; 2], M. B. Kalnytsky 
[3], O. G. Mokrousova and T. V. Skybytska [4], 
B. S. Cherkes [5], V. V. Chepelik [6] and others 
are devoted to the study of the Kyiv avant-garde of 
this period. Domestic architecture, as part of the 
all-Ukrainian and all-Soviet progress of the 1920 s, 
touched in their works Yu. S. Aseev, M. P. Bilinkin, 
O. V. Ryabushin, A. V. Ikonnikov, S. O. Khan-Ma-
gomedov, D. S. Khmelnytsky and many others.

However, all these researchers called the domes-
tic architectural style of the period precisely Con-
structivism, or, in a broader sense, the architecture 
of the Soviet avant-garde. Let’s analyze the question 
in more detail.

After the end of the First World War in Europe, 
the Art Nouveau style faded in its many national and 
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international manifestations. The reasons for this 
were both technical-economic and socio-cultural. 
Art Nouveau style was an attempt to respond to new 
demands and challenges facing architecture against 
the background of galloping urbanization, industrial 
production of previously inaccessible to large-scale 
construction materials, new types of housing and 
public buildings and shifting social emphasis to-
wards the dominance of middle class entrepreneurs 
and “business people”, who saw in architectural ob-
jects not only a sacred demonstration of their own 
achievements, but also practical investments (which 
were to be primarily functional). The topic is widely 
covered in numerous works of the above-mentioned 
authors and our articles. In short, Art Nouveau in 
Europe did not cope with the tasks set, its approach, 
based on an eclectic combination of previous archi-
tectural experience with leading achievements, was 
not “radical” enough to meet the mentioned transfor-
mations. Art Nouveau was replaced by avant-garde 
architecture, which in the vast expanses of the USSR 
was embodied in a dual structure of “Constructiv-
ism/rationalism” (with early functionalism mainly 
in industrial buildings).

In the North American architectural and artistic re-
gion, the background of the 1920s was somewhat dif-
ferent: American architectural Art Nouveau (primarily 
Tiffany) continued its systematic development, gradu-
ally transforming into Art Deco, which became most 
popular in the United States in the late 1920s-1930s. 
In our opinion, this is due to slightly smaller socio-
political transformations as a result of the war.

Decorative plastic, fusible, complex geometry 
lines, the widespread use of expensive finishing 
materials and sculptural decoration in America 
coexisted with avant-garde trends in architecture. 
Significant successes of American industry after the 
first World War brought the country to the leaders 
in the production of equipment, which, in the spirit 
of admiration for the achievements of aviation, was 
formed in the “aerodynamic” tradition. The relevant 
trends are reflected in the Streamline.

Streamline is the so-called “rounded style”, which, 
being a component of modernism, manifested itself 
in the architecture of the 1920s and 1930s as a reflec-
tion of the aerodynamic outlines of aircraft, steam-
boats, cars, steam locomotives and other mechanized 
equipment. Among the most famous examples are 
the San Francisco Aquatic Park Bathhouse by Wil-
liam Mooser Jr. and William Mooser III (1936), the 
Los Angeles Coca-Cola factory by Robert Derrah 
(1936), and of course the Pan-Pacific Auditorium in 
Los Angeles by Phillip and Cliff Henderson (1935). 
Auditorium doesn’t just resemble an ocean liner – in 
fact, its architecture is a direct reference with decora-
tive non-functional elements that mimic the ship’s 
chimneys. It is these decorative elements that put 
Streamline at the intersection between pure modern-
ism and Art Deco. If Сonstructivism brings mechani-
zation to architecture, then Streamline actually turns 
architecture into a monument of mechanization.

The Eastern European area also had its own pe-
culiarities of development: after the October Revo-
lution, with the establishment of communist power 
in the USSR, the ideological component becomes 
mandatory and often outstanding for all types of 
Arts and, first of all, for architecture, which political 
elites consider as the most influential manifestation 
of Monumental Propaganda (through permanence 
in time and dominance in the space of the human 
environment).

Accordingly, ideological messages are added to the 
theoretical concepts of the leading architects of the pe-
riod, who argued the need for a radical revision of the 
architectural and artistic experience and satisfaction 
of new needs of society. The architecture of previous 
eras, especially Art Nouveau, is marked as “bourgeois”, 
that is, class-hostile in contrast to the new “young” 
“revolutionary” “proletarian” avant-garde. That is, in 
the 1920s – first half of the 1930 s, any eclectic reminis-
cences and appeals to Art Nouveau were undesirable 
and, in fact, prohibited in its pure form.

In the domestic media field, two objects are most 
often called “streamline” in Kyiv: the first Doctor’s 
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House by the architect P. F. Alyoshin and the House 
of Institutions No. 2 according to the drawings of the 
“Holovproekt”, which was located on the site of the 
modern Central Department Store.

The first House of the Soviet Doctor, built in 
1928–1930, is considered to be one of the most 
iconic avant-garde projects of Ukrainian architec-
ture. The object is very well known both in Russian 
and World Architectural Science as an example of 
high, pure Constructivism. Function as the main 
concept that gives an impetus to the imaginative 
solution, a well-developed design scheme, zoning, 
advanced construction techniques (from those avail-
able in the USSR) – all this and much more allow us 
to speak about the architect’s deep understanding of 
the fundamental foundations of the new style.

The building was erected on a complex plot: Stri-
letska and Velyka Zhytomyrska streets converge here 
at an acute angle. “The lack of land has been turned 
into an additional convenience. Having unconven-
tionally solved the central part of the structure, a 
small courtyard with a cour d’honneur was formed 
on the corner in front of the House” [7, P. 400].

Applying advanced for Soviet architecture of that 
time building techniques with the active use of glass, 
the architect uses the fundamental principles formed 
by Le Corbusier: free planning, dictated by the par-
tial introduction of a progressive frame load-bearing 
scheme; facade of enclosing walls, which opens the 
way for the architect to work with the form; flat roof 
terrace with seating area. “For the first time in Kiev, 
a reinforced concrete roof was used in a residential 
building – a solarium and a place for children to 
play were equipped here” [7, P. 401]. In the spirit 
of high Constructivism, the building is multifunc-
tional: “the House provided such premises as a club, 
library, laundry, hairdresser. <. > In 1937, at the first 
All-Union Congress of Soviet architects, in one of 
the reports, this building was noted as an example 
of residential architecture” [7, P. 401].

The four-story structure consists of two wings 
united by a central semicircular block forming the 

aforementioned cour d’honneur. The plasticity of 
the facades is represented by a rhythmic change of 
balconies, loggias and bay windows. Two rotunda-
rounded avant-corps flank the central part, which is 
crowned by a covered gallery with a flat roof on pil-
lars. The horizontal rhythm of the structure was em-
phasized by the alternation of light plastered planes 
and areas with open masonry of dark red color.

This dichromism, as noted by a contemporary 
of construction, the architect M. I. Grechin in the 
article “Architectural design in brick”, is a character-
istic local feature [8]. The so-called “brick style” in its 
two-tone range acts as a purely Kyiv version (within 
the Ukrainian cultural area) of facades with red and 
yellow bricks, without the use of plaster. The tech-
nique, characteristic of pre-revolutionary architec-
ture, was used in the works of many Kyiv architects 
in the interwar decades. Accordingly, we see how the 
domestic avant-garde reflects on a powerful histori-
cally formed background, transferring characteristic 
markers and techniques.

At the corner of Lenin St. (pre-revolutionary Fun-
dukleevska, now B. Khmelnytsky) and Vorovsky (now 
Khreschatyk) in 1930 an administrative House of In-
stitutions No. 2 construction has began according to 
the drawings of the “Holovproekt”, designed under 
the influence of the famous Soviet architect Erich 
Mendelssohn [10], (who was the author of Power 
station of the textile factory “Red Flag” in Leningrad 
and a tender for the Palace of Soviets in Moscow).

The asymmetrical structure consisted of two 
blocks – a massive four-story on Vorovsky street, 
and a narrower seven-story building on Lenin Street 
(current Khmelnitsky street). The lower block was 
intended for shops, with a large outdoor terrace due 
to the deepening of the facade of the fourth floor 
from the street line. The top floor was supposed to 
contain a restaurant and was higher (possibly divid-
ed into two tiers inside). The upper block entered 
the “pass” on the last four floors above the lower 
block, ending in a semi-cylindrical end, and was a 
corridor-type building with offices. The lower block 
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was to be finished with an almost continuous plane 
of glass, broken by three narrow horizontal strips of 
articulation over the second, third and fourth floors. 
The upper block was evenly divided by strips of solid 
partitions and strips of windows, emphasized by the 
light tone of the gaps between them.

The building was often compared to the depart-
ment store in Breslau (Wroclaw) in 1928, construct-
ed by a well-known in the USSR German architect 
E. Mendelssohn. The buildings are really very similar 
in the scheme of two blocks and the implementa-
tion of a narrower block with a semi-cylindrical end. 
The designated department store refers to the archi-
tecture of the “new objectivity”, which, in turn, had 
some touches to the Streamline, but without direct 
borrowing, because it was formed on the German 
background on the basis of the Werkbund (and, in-
directly, the Dutch De style) in close cooperation 
with the Bauhaus.

However, the domestic project is not an exact 
copy of the designated department store, significant-
ly differing in the layout, ratio of blocks and finishing. 

The construction of the House of Institutions, which 
had already begun (already as the House of books), 
was suspended after the return of the capital from 
Kharkiv to Kyiv. The top party leadership, in the spir-
it of the tastes of Stalin’s nomenclature, demanded 
the solution of key structures exclusively in the neo-
classical movement. Researcher M. Kalnitsky notes 
that one of the authors of the primary avant-garde 
project, architect M. Kholostenko tried to adapt the 
structure already built in the main structures to new 
preferences, remaking the facade in a neoclassical 
way [3]. It should be noted that we are talking about 
a complete adaptation, which we cannot attribute 
even to post-constructivism. However, this option 
did not satisfy the city administration and it was 
decided to completely dismantle the structure and 
build in its place a fundamentally new project in the 
spirit of the Stalinist Empire style, which was imple-
mented in the form of a modern Central Department 
Store building in 1939 (completed according to the 
preliminary plan along Khreshchatyk during the 
post-war reconstruction of the street).

Alyoshin P. The first house of a Soviet doctor. Kyiv. 1928–1930 Holovproyekt. The building of 
institutions № 2. Kyiv. 1930–1934

Due to a certain blurring of the boundaries of 
styles in general and Streamline in particular, some 
popular science publications often refer to it as all 
avant-garde objects with streamlined shapes. How-

ever, as a researcher, we believe that this is method-
ologically incorrect, since Streamline in a narrow 
sense was inspired by industrial design and the aero-
dynamics of mechanization, and these examples are 
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the result of geometric constructions and the search 
for forms in the spirit of “classical” Constructivism. 
Streamline emerged and developed in close coop-
eration with Art Deco, while Soviet Constructivism 
rejected the developments of Art Nouveau as ideo-
logically oppositional. The first Doctor’s House, 
meanwhile, reflected with the local Kyiv dichromic 
tradition of decoration, and the House of Institu-
tions No. 2 with the German “New objectivity”.

Although all these trends were related to the ar-
chitecture of the avant-garde as a whole and we can 
observe some common features and identities, we 
are talking only about individual elements, but not 
about one style direction. In our opinion, the term 
“Constructivism” is appropriate for these structures 
in Kiev architecture, due to the specific Ukrainian-
Soviet socio-political conditions for the formation 
of the corresponding objects.
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AGRIMITIN USE EFFICIENCY ON THE CULTIVATION OF 
SPRING BARLEY UNDER DROUGHT CONDITIONS

Abstract. The effect of the pre-treatment of spring barley (Hordeum vulgare L.) cv ‘Schedry’ grains 
by agrimitin or SkQ3 (10- (6’-methylplastoquinonyl) decyltriphenylphosphonium) on the plants 
growth characteristics and the yield during cultivation in 2017 and 2018 under different drought 
conditions was studied. For the field experiments the pre-treatment of barley seeds by 2.5nM aqueous 
solution of agrimitin was used. Two years experiments in the Armavir (Republic of Armenia) and 
Zernograd (Russia) revealed the stimulation of the plants growth and development and the increas-
ing of the yield of treated plants compared to the untreated plants. The significant differences for 
the majority of investigated traits were detected in 2018 with less precipitation and higher monthly 
average temperature during vegetation period than in 2017 especially in Armavir as more arid region 
than Zernograd (P<0.05). At the same time it was proved that the application of agrimitin had not 
negative effect on the qualitative traits of the seeds. Our results provide evidence that agrimitin has a 
great potential and can be recommended as a new effective and safe agrochemical for crop cultivation 
under drought condition which is especially relevant in face of climate change.

Keywords: Hordeum vulgare L., grain yield, drought stress, Skulachev-ions (SkQ3), agrimitin.
Introduction
Barley (Hordeum vulgare L.) belongs to Poaceae 

(Graminae) family is the fourth leading cereal crop 
grown worldwide with the global production at ap-
proximately 160 million tons per year [1, 2]. The 
spring barley is one of the most drought-resistant crop 
among the cereals and well adapted for cultivation in 
various soils under the arid climate conditions [3–5]. 
However, the climate change drastically affects crop 
productivity and lead to substantial yield losses.

Seed germination and seedling growth during 
vegetation period are the most critical stages which 

affected both quality and quantity of crop yields 
[6]. Environmental stresses can inhibit plant growth 
and development, and as a result lead to crop yield 
reduction. Nowadays for sustainable agricultural 
production and food security new approaches, ef-
forts and techniques are necessary to improve crop 
stress tolerance [7]. Drought is one of the serious 
environmental stresses affecting crops including the 
barley. Seedling tolerance to drought stress is cru-
cial for plant growth and development through the 
whole vegetation period under water-limited condi-
tion. During seed filling to the seed maturity stage 
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the drought stress causes a negative effect on crops 
seed production resulting in a significant decrease 
of the yield [8–10]. In dry years, the yield of barley 
can decrease up to 5–6 times [11]. The global trends 
and main challenges facing the world agriculture is to 
improve and increase the crop yield potential which 
can be achieved by introduction and/or selection 
of drought tolerant high-yielding cultivars, as well 
as rational use of new agrochemicals for seeds pre-
treatment [12].

Last decades new agrochemicals were synthesized 
by the research team of Moscow State University 
named after M. V. Lomonosov under the leadership of 
Academician Skulachev called Skulachev-ions (SkQ) 
(10-(6’-methylplastoquinonyl decyltriphenylphos-
phonium) or agrimitin which were demonstrated pro-
tective properties in experiments on various types of 
organisms preventing cell death from oxidative stress 
[13]. In experiments on the mice the application of 
SkQ improved impaired dermal wound healing [14]. 
As an antioxidant component these chemicals include 
the mitochondria-targeted plastoquinone which is the 
analog of ubiquinone being involved in plant chloro-
plasts [15]. These compounds affect mitochondria di-
rectly and prevent the synthesis of dangerous for cells 
molecules. During the last years mitochondria-target-
ed antioxidants have been tested on plants [16–17]. 
By their using the processes of morpho- and rhizogen-
esis in vitro cultures of sprout cuttings were stimulated 
and the regeneration time of initial potato microplants 
was reduced [18]. It has been shown also that nano-
molar concentrations (nM) of the SkQ1 stimulates 
both the formation of morphogenetic structures and 
their subsequent stage of the development into plants. 
The obtained results suggest that SkQs with antioxi-
dant properties can accelerate the morphogenesis 
and cause the yield increasing of wide range of crops 
[19]. SkQs with nanomolar concentrations prevent 
the death of plant leaf epidermal or guard cells and 
improve the wheat crop structure. The agrimitin is of 
great interest by its high stability in aqueous solutions 
among the SkQ class compounds [17; 20; 24; 25].

In our previous study the analysis of plants of the 
spring barley cv ‘Shedriy’ grown in drought stress 
imitated by 15% aqueous solution of PEG-6000 
revealed the significant reduction in growth rate 
parameters of seedlings in comparison with con-
trol plants [21]. The significant differences in the 
fresh and dry weight of sprouts and roots in the 
drought condition compared with untreated con-
trol plants were registered in a case of agrimitin 
2,5 nM(P < 0.001) which was applied in the pres-
ent 2-years field experiments.

The aim of our study was to investigate in field ex-
periments the effect of agrimitin on the germination 
of spring barley grains under drought conditions, 
morphological and structural indicators of plants 
cultivation, the grain yield and yield components 
of spring barley in the arid conditions of the Arma-
vir (Republic of Armenia) and Zernograd (Russian 
Federation).

Materials and methods
In our experiments the spring barley cv ‘Shedriy’ 

obtained by the selective breeding at FSBSI Agrar-
ian Scientific Center Donskoy has been served as the 
object of study.

Field test and monitoring. The field tests were 
carried out in Echmiadzin Experimental Field of 
Scientific Center of Agriculture in Armavir prov-
ince (Republic of Armenia) and at the experimental 
farm of FSBSI Agrarian Scientific Center Donskoy 
in Zernograd province of the Rostov region (Rus-
sian Federation). Plants of the spring barley cv ‘She-
driy’ were evaluated during the 2017 and 2018 crop 
harvest. The seed treatment was performed in plas-
tic bags after their stirring for 2 min and then drying 
at room temperature. Next, the seeds were packed 
in special paper bags and stored in the seed labora-
tory. The consumption of agrimitin 2.5 nM aqueous 
solution was calculated at the dose of 1,6 mg/ton 
of seeds. Plants were grown on 4 plots with area of 
50 m2 per plot. Seeds for control without the pre-
treatment by agrimitin were maintained for com-
parative purposes. Field germination was defined as 
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the production of normal seedlings [26]. Data were 
calculated by using the following formula according 
to the Association of Official Seed Analysis:

G
Number of normal seedlings

Total number of grans
% � �100

During our 2-years experiments morphological in-
dicators of barley plants and qualitative indicators of 
spring barley seeds were studied. Plant height (cm), til-
lering capacity general and productive, plants survival 
and the dry weight of roots were measured at the end 
of vegetation. The effect of agrimitin on the structural 
traits of spikes, spikelets and grains per plant of spring 
barley cv ‘Shedriy’ was examined on the 30 plants with 
2 replications for control and experiment per year. Af-
ter harvest the qualitative indicators of spring barley 
grains including germination energy, laboratory germi-
nation, weight of 1000 seeds and volumetrical weight 
(g/l) were studied on the 30 plants with 2 replications 
for control and experiment per year.

The climate conditions of investigated regions
Climate indicators of the regions of field ex-

periments were obtained at Zernograd and Armavir 
weather stations. The average decade values of air 
temperature and precipitation during the vegeta-
tion period of spring barley in 2017 and 2018 were 
compared with the average norm during 1935–2016. 
Comparative analysis of climatic conditions has 
shown that the climate in Armavir during 2 observed 
years was drier than in Zernograd. During vegetation 
period of both years the average monthly tempera-
ture in Armavir was higher than in Zernograd. 2017 
characterized by higher precipitation than in 2018 
in both regions while the amount of precipitation 
during the ripening period of grains ( June-July) both 
years was much less in Armavir than in Zernograd 
with exception of June 2018. Heavy precipitations 
was registered in Armavir in May 2017 and in Zer-
nograd in July 2018 with almost twice more volume 
than norm. Very low precipitation was registered 
in Zernograd in June 2018 with 13 times less than 
norm and in Armavir in June and July 2017 with 4 
times less than in norm.

The design of the experiment. The experimen-
tal design was completely randomized. The sowing 
qualities, grain germination energy, seed germina-
tion and the seed index (weight of 1000 seeds) were 
determined according to the GOSTs 20290–74 and 
10842–76. The average data of all investigated pa-
rameters and their standard deviation (±s.d.) were 
calculated using Excel software. For all traits the 
ratio to control was calculated. Obtained data were 
statistically processed using the STATGRAPHICS 
Centurion software.

Results and discussions
Morphological indicators of barley plants. 

The main morphological indicators of spring bar-
ley in 2017 and 2018 after pre-treatment by ag-
rimitin are presented in Table 1. The analyses of 
morphological indicators of plants detected the 
significant differences in their growth parameters. 
In the Zernograd with low water stress the appli-
cation of agrimitin increased the development of 
all plant parameters up to 10%, and the highest 
ratio to control was detected in 2018 for the dry 
weight roots at the end of vegetation period by up 
to 133,3% (P < 0,01). In the Armavir as more arid 
region than Zernograd for the majority of the mor-
phological traits the growth of the plants was more 
intensive than in Zernograd up to 16,1% more for 
plant height and up to 19,7% more for plants til-
lering capacity compared to control. As in a case 
with Zernograd the dry weight of roots in Armavir 
in 2018 was higher with application of agrimitin 
than in control and show the significant differences 
with control (p < 0,001).

Our results showed that grain treatment by agrimi-
tin showed the significant differences for the most pa-
rameters in terms of seedling length, plant fresh and 
dry weight. Data obtained indicate the effectiveness 
of the application of the agrimitin on spring barley 
plants grown in the different natural arid regions. 
These findings are in accordance with the results of 
other agrochemicals presented by Jalilian et al. (2014) 
and Khafagy et al. (2017) [5; 27; 28].
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Table 1. – The effect of agrimitin on the morphological traits of the plants 
of spring barley in the phase of full ripeness in 2017 and 2018

Variant, year Field germina-
tion,% ±s.d.

Plant height, 
cm ±s.d.

Tillering capacity, num-
ber ±s.d.

Dry weight 
of roots, g 

±s.d.

Survival,
% ±s.d.general productive

Zernograd
2017 Control 80.7±2.5 81.2±3.6 2.95±0.5 2.0±0.2 10.8±1.3 78.1±3.6
Agrimitin 85.4±1.7 83.6±4.2 3.27±0.6 2.2±0.2 11.3±1.1 83.9±2.9
Ratio to con-
trol,% 105.5 102.9 109.8 109.1 104.4 106.9

2018 Control 82.6±2.8 78.3±1.7 2.87±0.4 2.0±0.2 9.1±0.9 75.2±4.2
Agrimitin 86.1±2.4 86.8±2.1* 3.02±0.6 2.2±0.2 13.6±1.2** 83.5±3.9*
Ratio to con-
trol,% 104.1 109.8 105.0 109.9 133.3 110.0

Armavir
2017 Control 78.2±2.5 71.4±2.3 2.89±0.6 2.2±0.2 8.2±1.3 74.5±1.6
Agrimitin 82.3±3.4 80.5±2.1* 3.15±0.7 2.4±0.2 13.6±1.1*** 86.6±1.7*
Ratio to con-
trol,% 105.0 111.0 108.3 108.3 139.7 113.0

2018 Control 78.5±0.9 63.9±2.1 3.18±0.2 2.6±0.2 8.0±0.6 75.6±1.0
Agrimitin 83.2±0.7 74.2±2.7* 3.73±0.2* 3.1±0.01* 13.2±0.8*** 82.7±2.5*
Ratio to con-
trol,% 106.0 116.1 117.3 119.7 166.5 109.4

* = P<0.05, **= P<0.01, ***= P<0.001

Structural traits of the plants of spring barley. 
Pre-sowing treatment of barley seeds by agrimitin ef-
fected also on the harvest and its structural elements 
(Table 2). Data of the structural traits of the barley 
plants shown differences in investigated parameters 
of plants during their cultivation in different natural 
arid regions (controls). The application of agrimi-
tin differently and mostly significantly increased the 

spike length, spikelet number and number of grains 
per spike, and as results the barley yield in investigated 
regions. In Zernograd the results of parameters after 
agrimitin pre-treatment were higher from 4% to 13% 
in 2017, and from 10% to 21% in 2018 compared to 
control. In Armavir during both years plants data after 
treatment by agrimitin were higher compared to the 
control from 11% to 26% (P<0.05 and P<0.001).

Table 2. – The effect of agrimitin on the structural traits of the plants of spring barley

Variant, year Spike length, cm 
±s.d.

Spikelet number 
per spike ±s.d.

Number of grains 
per spike ±s.d.

Yield, 
C/ha

1 2 3 4 5
Zernograd

2017 Control 6.3±0.4 20.7±1.3 19.1±2.6 47.1
Agrimitin 6.8±0.6 23.8±2.0* 20.4±3.1 49.0*
Ratio to control,% 107.4 113.0 106.4 104.0
2018 Control 6.5±0.7 19.6±1.3 20.1±1.3 39.4
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1 2 3 4 5
Agrimitin 7.2±0.5* 24.8±1.1** 26.2±1.9** 46.8*
Ratio to control,% 109.7 121.0 123.3 115.8

Armavir
2017 Control 6.1±0.2 19.1±1.1 19.6±2.1 41.1
Agrimitin 7.4±0.3* 22.8±1.9* 23.3±2.8* 50.8**
Ratio to control,% 117.6 116.2 115.9 119.1
2018 Control 7.04±0.28 21.5±1.53 21.21±1.68 39.0
Agrimitin 8.59±0.61** 23.36±1.81* 23.58±1.95* 49.0***
Ratio to control,% 122.0 115.2 111.1 125.8

* = P<0.05, **= P<0.01, ***= P<0.001

As regards to interactions between agrimitin 
treatments and different drought levels, our results 
show that agrimitin partially counteracted the harm-
ful effects of drought especially in 2018 in both re-
gions, especially at the higher drought stress pre-
sented in Armavir. Our results showed that grain 
treatment by agrimitin showed positive response in 
terms of structural traits of the plants of spring barley 
and yield of spring barley cv ‘Shedriy’.

Qualitative indicators of spring barley seeds. 
According to the basic concepts of Food and Agri-
culture Organization (FAO) and Good Agricultural 
Practices (GAP) the application of agrichemicals 
should have both protective and productive inputs to 
reach maximum productivity. At the same time the 
main approach of using new chemicals in the agricul-
ture is based on the safety use of their recommended 
optimal dosage towards an ecologically safe and sus-

tainable agriculture contribute to food security and 
obtain harmless products of higher quality without 
any affect on germination characteristic of grains [22].

In our experiment after treatment of seeds by ag-
rimitin and the growth of the plants the seeds from the 
harvest were analyzed for detection the possible affect 
from the treatment in comparison to the control. In 
the Table 3 the qualitative indicators of spring barley 
seeds are presented. The positive effect of the agrimi-
tin was observed for all investigated traits of the grains.

According to our results the seed treatment by 
agrimitin has not affected the qualitative indicators 
of spring barley seeds. Regarding to the interaction 
between different levels of drought stress and agrimi-
tin application the data indicate that in the most cas-
es all interactions increased grain germination per-
centage and seed index with significant differences 
in Armavir in 2018.

Table 3. – The effect of agrimitin on the qualitative traits of the grains of spring barley

Variant, year Germination en-
ergy,% ±s.d.

Laboratory germi-
nation,% ±s.d.

1000 grain 
weight, g ±s.d.

Volumetrical 
weight, g/l

1 2 3 4 5
Zernograd

2017 Control 85.8±5.6 90.2±2.6 44.3±0.8 718
Agrimitin 94.6±4.8* 94.6±3.8 45.0±1.2 716
Ratio to control,% 109.3 104.7 101.6 100.0
2018 Control 86.3±3.9 90.7±2.8 45.8±1.4 712
Agrimitin 92.7±4.2* 92.3±3.1 47.3±1.8 716
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1 2 3 4 5
Ratio to control,% 106.9 101.7 103.2 100.6

Armavir
2017 Control 89.5±4.0 95.0±5.6 46.2±1.7 698
Agrimitin 93.0±3.9 98.5±3.9 48.8±1.1 702
Ratio to control,% 103.8 103.6 105.3 100.6
2018 Control 76.5±5.0 83.0±2.8 48.3±0.1 681.5
Agrimitin 85.0±5.7* 96.5±2.1** 56.1±0.01** 716.6*
Ratio to control,% 111.1 116.3 116.3 105.2

* = P<0.05, **= P<0.01, ***= P<0.001

In Zernograd the data of qualitative traits in-
creased up to 7–9,3% for germination energy com-
pared to the control or normal conditions. In Arma-
vir in 2018 as the driest variant of our experiment 
the data for qualitative parameters of grains were 
11–16% higher than in control. Our study revealed 
that the pre-treatment of spring barley grains by 
agrimitin had not negative effect on the qualitative 
traits of grains.

Conclusion
Nowadays, scientists adopt different technolo-

gies and approaches to improve seed viability, plant 
grow and yield by beating the negative effects of 
drought stress [5]. Pre-sowing treatment of crop 
seeds is one of the easiest, low cost and effective 
techniques to enhance plant tolerance in the differ-
ent stressful environments [7].

Present study examined the effect of pre-sowing 
treatment of the spring barley cv ‘Schedry’ seeds 
by agrimitin agrochemical on seed germination 
and seedling growth, as well as morphological and 
structural characteristics of plants in different arid 
conditions.

During field experiments the pre-treatment of 
barley seeds by agrimitin effected on plants morpho-
logical and structural traits by increasing of data for 
all investigated parameters compared to the untreat-
ed plants under the same drought stress. For the ma-
jority growth traits the significant differences were 
detected especially in Armavir as more arid region 
than Zernograd. The highest differences among the 

growth parameters of the plants in both regions com-
pared with untreated control were registered for dry 
weight of roots with significant differences P<0.001. 
Previous research with similar experiments on the 
agrimitin treated seeds of winter wheat showed 
the increasing the plants growth rates and the crop 
yield [23]. At the same time in presented study it 
was proved that during 2 years of spring barley cul-
tivation the application of agrimitin had not negative 
effect on the qualitative traits of seeds.

Thus, our results demonstrated that seed prim-
ing treatments by agrimitin as SkQ3 mitochon-
dria-targeted antioxidant efficiently improved the 
emergence and seedling growth performance under 
drought stress and can be recommended as a new 
effective and safe agrochemical for sustainable agri-
culture and for cultivation the crops in different arid 
conditions. These effects were related to the inhibi-
tion of oxidative stress during water-stress condition 
which is very important in face of climate change.
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NEWFERRONICKEL PRODUCTION TECHNOLOGIES OPPORTUNITY 
FOR SUSTAINABLE ECONOMIC DEVELOPMENT

Abstract. During the last century, ferroalloys, especially steel were the dominant materials on which 
industrial development and generally technological progress were based. Global demand for ferroalloys 
is expected to increase significantly in the coming years, partly due to the dynamic economic growth in 
China and India, but also due to developing countries. However, so far there has been a disproportion 
between the exploitation of natural resources, economic growth and technological progress. This has 
resulted in irrational exploitation of natural resources and with a high level of greenhouse gas emissions, 
where as a result our climate is changing. According to the co-government panel on Climate Change, for 
this, the world is warmer for 0.6 °C and in the worst case scenario, temperatures could rise to 5.8 °C by 
the end of this century. The most complex part of ferronickel extraction is the refining process. From the 
data of this case study, as well as from the quantitative and qualitative analysis, as and XRD analysis of the 
Fe-Ni refining process, there are technological possibilities and high economic benefits if the electro arc 
furnace (EAF) with desulfurizer injection system, would be installed how intermediate process of the but 
also descriptive data and comparative models from good practices of refining processes. The objective of 
this study is the most appropriate selection of the technological route of ferronickel production, which 
would result with rational exploitation natural resources, increase of energy efficiency, improvement of 
the metal utilization coefficient, reduction of production costs, and generally the reduction of pollution 
and a sustainable economic development.

Keywords: New technology, Fe-Ni, converter route, cost reduction, sustainable development.
1. Introduction
As the ferroalloy industry, especially the steel in-

dustry, continues to be the main indicator of econom-

ic development, they are also the largest consumer of 
energy and environmental pollution. Although, dur-
ing 2019 there was a decline in ferro-alloy production, 
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nevertheless world production of crude steel was 
1869.9 million tons, where China alone accounting 
for 53.3% of world production [1]. At the same time, 
China was the largest contributor to greenhouse gas 
emissions, which in 2018 alone it burned 4 billion 
tons of coal, as much as the rest of the world [3].

After the Kosovo Energy Corporation, the New-
Co “Ferronickel” is actually the largest generator of 
employment and exports in the country, as well as one 
of the most important factors for the sustainable eco-
nomic development of Kosovo. Until recently nickel 
was considered a precious metal, mainly due to the 
limited use of it, while today it is considered a widely 
used metal in the machine building industry, for the 
production of special steelsand other branches of in-
dustry. Evaluated by its strategic role in the World In-
dustry, as well as the good possibilities of exploitation 
and processing of ore, but and according to the actu-
ally demand trends for ferronickel, it is expected that 
NewCo “Ferronickel” will have this cash flow, up to 
10% of GDP Kosovo [4]. Despite the great demands 
in the world market for Ni and ferroalloys, as well as 
despite its numerous reserves of metal ores, Kosovo 
is still with a low level of production, and with a met-
allurgical industry, which is being forwarded from 
low technical progress. This has resulted in a marked 
imbalance between: rational use of natural resources, 
environmental protection and economic develop-
ment. Despite the initiatives of various countries for 
the development of new technological routes, so far 
in developing countries, including Kosovo, there has 
been little attention to such agendas.Only through a 
significant technological progress in the metallurgical 
industry and the transition to a new regime of exploi-
tation and processing of ores, Kosovo could promote 
a favorable climate for investment, increase develop-
ment opportunities and would rise an environmen-
tally friendly industry.

Realization of objectives of this study program, 
namely promoting the “High Power- Low Cost” ap-
proach and “Conveter Route” in the NewCo “Fer-
ronickel” would mark the beginning of a transition 

to a new regime technology of the metallurgical in-
dustry in Kosovo. The first stages of transition to the 
new technological regime would be the creation of 
technological conditions for the development of de-
sulfurization outside the furnace – the integration of 
an intermediate process in the actualy refining scheme 
according to the “Converter Route with desulfuriza-
tion aystem Integrated in the Electro-Arc Furnace 
with reagent injection”. This new technological regime 
would be the creation of industrial conditions for a 
rational exploitation of natural resources, improve-
ment of energy efficiency, increase of effectiveness, 
increased quality control, reduction of costs and maxi-
mization of production capacities. From the review of 
the technological parameters of the refining process in 
the converter department in NewCo “Ferronikeli” as 
well as from the study data it is technologically pos-
sible to integrate this intermediate process.

1. Research methodology
This study is based on chemical analyzes of raw 

materials, electric furnace of ferronickel, chemi-
cal composition ofmetal and slag according desul-
phurization of EF Fe-Ni stages, gases, chemical and 
granulometric composition of desufulrator and 
other technological materials. Based on these data 
andprocess operational indicators of desulphuriza-
tion outside the furnace or LD convertor, we have 
determined the C, Si, P, and S separation coefficient 
as a key determinant ofdesulphurization effective-
ness of EF Fe-Ni in the electroreducing furnce with 
the system for injection of the desulphurizer. This 
study program will follow the standard research dia-
gram are shown in (Figure 1).

For the needs of this study we have used the new 
practices of ferronickel production in PT Inco (Indo-
nesia), Cerro Matoso (Colombia) and SNNC (South 
Korea) and the industrial practices of obtaining “cleen 
steels” with lower oxygen content than 1 ppm and 
sulfur content below 1 ppm.Also are determined the 
other performance indicators of this intermediate pro-
cess at the”Ferronickel Foundry” in Drenas, according 
to the comparative and statistical method.
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Figure 1. Flowchart for research methodology

Comparison of outputs, process parameters, 
and production practices, are based on review the 
production period November 2019 and January 
2021.Evaluation of desulphurization efficiency and 
measurement of process indicators are supported by 
chemical and technological analysis of furnace met-
al and slag, metal and slag of converters, chemical 
and granulometric composition of CaCO3, as and 
content and amount other technological materials, 
which are used during the production process in the 
“Ferronickel Foundry”.Whereas theeffectiveness of 
desulphurization according to these operating pa-
rameters is compared with theoretical parameters, 
assuming the development of desulphurization ef-
fectiveness of EF Fe-Ni in the electroreducing furnce 
with the system for injection of the desulphurizer.

3. New Fe-ni production and refining tech-
nologies

Production of ferro-nickel from relatively Ni-de-
pleted ores, as in the case of Kosovo laterite ores, the 
pyrometallurgical process according to the techno-
logical scheme; rotary klin-electric furnace and LD 
converters has been shown to be the most success-

ful.For this route lateritic ore is screened, crushed 
and blended to produce a consistent process plant 
feed with defined ratios of iron and nickel as well 
as SiO2 and Mg O. This feed is charged into a rotary 
kiln where it is calcined and prereduced by coal or 
powdered coke. Afterwards the calcine and residual 
coke is charged into the electric furnace (also named 
submerged arc furnace (SAF)). Here it is melted by 
electric energy and reduced yielding crude FeNi 
with Ni contents usually between 13 and 25%. Un-
reduced components (mainly FeO, SiO2, MgO) are 
removed as slag whereas crude FeNi metal is tapped 
semi-continuously into ladles [5, 10].

The rotary-klin electric furnace (RKEF) pro-
ces has long been the most commonly employed 
means of recovering nickel from suprolitic laterite 
ores. While other technologies such as Xstrata’s 
NST process are emerging and blast furnace FeNi 
production has made somwhat pf a comeback, 
much scope remains for increasing the productivity 
and efficiency of RKEF plants [3]. To achieve the 
optimization of the production, the ferronickel in-
dustry has progressively advanced the technology. 
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The scientists and professionals especially has at-
tention to increased furnace power levels and en-

ergy efficiency of energy over the years, as show 
in (Figure 2):

Figure 2. Evolution of furnace power over time

This was achieved by a combination of several 
technological developments, most importantly the 
adoption of “shielded-arc” smelting (to replace the 
traditional immersed electrode mode of operation), 
and the installation of water-cooled copper cooling 
elements in the furnace sidewalls [3].These technolo-
gies have advanced the production capacity, when one 
rotary-kiln could have a capacity of 160 t/h of calcine 
to a single, and 80 MW furnace can process approxi-
mately 1.3 million tons per year of new laterite ore. 
This has been well proven at PT Inco (Indonesia), 
Cerro Matoso (Colombia) and SNNC (South Korea), 
and is the standard for high power furnace operation 
[3]. The reasons for the increase of the capacities of 
the rotary kiln and the electric furnace were the reduc-
tion of the production costs, the improvement of the 
metal utilization coefficient as well as the reduction of 
the greenhouse gases. So as to meet these objectives, 
particular attention must be paid to:

• Adequate measurement and control includ-
ing:

 – Calcine feed rates;
 – Calcine compositions;

 – Furnace level measurements (hearth 
build-up, bath levels, calcine levels);

 – Metal and slag temperatures;
 – Furnace crucible condition (temperatures, 

heat fluxes, brick thickness, expansion).
• Competent design of the crucible including:

 – Appropriate cooling;
 – Appropriate expansion allowances and 

bindings.
• Design and maintenance of feeding, off gas 

and metal/slag handling to ensure that up-
stream and downstream processes do not 
negatively affect furnace operating factor.

• Careful selection of FeNi grade to be pro-
duced and corresponding selection of ap-
propriate operating parameters [3].

During pyrometallurgical processing the con-
verter is one of the most important aggregates to 
produce and to refine ferronickel. The oxygen 
blowing process is necessary to decrease the sul-
phur, phosphorus, carbon, silicon and the iron 
content in the FeNi metal to the requested levels 
[2; 7; 9].
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Production of ferronickel from “high powr-low 
cost” technologies, which have integrated ladle fur-
nace route, must be developed in accord to reflec-
tive costs-avvailable costs, quality control and envi-
ronmentally friendly behavior.In the “ladle furnace 
route” [12] the entire metallurgical treatment is done 

in only one vessel, namely the ladle. It is used e. g. In 
the ferro-nickel plants of Loma de Niquel (Venezu-
ela), Barro Alto (Brazil), Onca Puma (Brazil) and 
contains the following main process steps. Table 1 
shows steps the treatment of electric furnace metal 
according to process steps in ladle furnace route [5].

Table 1. – Process steps in ladle furnace route [5]

Process step Aim
1. Tapping from electric furnace into the ladle

2. Oxygen blowing during tapping using blowing Chem-
ical heating station

Chemical heating
Removal ofcarbon, silicon, phosphorus

3. Deslagging Removal of Fe2O3, SiO2 and P2O5 rich slag

4. Ladle furnace treatment Deoxidation and desulphurization
Electrical heating

5. Optional oxygen blowing Final decarburisation
6. Granulation

The main advantage in this production route is 
that only the treatment ladle is used during the entire 
process from tapping to granulation. This means less 
refractory lined equipment will be in operation re-
sulting in lower total refractory consumption as well 
as low temperature losses [5].

Desulfurization of EF metal, which is produced in 
the Foundry of “Ferronikel” in Drenas, due to the poor 
quality of Kosovo lignite which is used as a reducer in 
the electric furnace, it would be important to define 
technical performance indicators according to the new 
technologies, known as the “converter route”. In this 

case of particular interest would be the theoretical-
experimental review of ferronickel desulfurization 
schemes according to; converter route, ladles-convert-
er, electric arc or ladle furnace. This route is used e. g. 
at FeNi Industries (Macedonia), Larco (Greece) [5]. 
But in the case of the NewCo “Ferronickeli” (Kosovo) 
the refining process would provide more advantages, if 
will applied to the converter route, similar to those used 
e. g. at FeNi Industries (Macedonia), Larco (Greece), 
with some modifications and integration of electro-arc 
furnace with powder reagent injection system. Again 
the main process steps are described below:

Table 2. – Process steps of converter route, [5]

Process step Aim
1. Tapping from electric furnace into the transport ladle

2. Oxygen blowing in the converter Enrichment of nickel
Removal of carbon, silicon, phosphorus

3. Deslagging Removal of Fe2O3, SiO2 and P2O5 rich slag

4. Electric arc or ladle furnace treatment Deoxidation and desulphurization
Electrical heating

5. Granulation

One of the most advanced methods that could be 
used for the part of industrial examinations is the de-
sulfurization of iron through mixture of Na2CO3 and 

FeSO4. In this case it would be important to examine 
the mechanism of the reactions between the metal 
and the slag. According to theoretical data, the ad-
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dition of FeSO4 to the Na2CO3 powder mixture 
would result in increased desulfurization efficiency 
and with increased economic effects of the process, 
namely advancement of technical-technological pa-
rameters, based on energy efficiency and reduce of 
the production cost [7; 10].

Such technologies have shown good results in 
technological schemes which include; the blaste fur-
nace, EAF, ladle furnace route, convertor route will 
remain the future process leader for the production 
of high grade steels and other ferroalloys, especially 
for ferronickel products. However, according to the 
composition of the ore, EF metal, as well as the ex-
isting infrastructure in the converters department in 
NewCo “Ferronickeli” (Kosovo), “cornveter route”, 
which includ one combination of desulphurization 

outside the ferronickel – “desulphurization in the 
electric arc furnace with the system for injection of 
reagents” would enable reflective costs and generally 
will optimize production process.

4. Results and discussion
4.1 High power, low cost
The low utilization of production capacities in 

NewCo “Ferronickeli (Kosovo) is one of the main 
problems. The application of ” High power-low cost 
“variants, as in the case of PT Inco (Indonesia), Cer-
ro Matoso (Colombia) and SNNC (South Korea)), 
would result with increase capacity of at least 50% 
from those of the actual level.Industrial practices ac-
cording to the “high power low cost” variant in these 
foundries have brought the benefits of high capacity, 
reliable process units are illustrated in Table 3.

Table 3. – Benefits of high power, high intensity furnaces [5]

Parameter Units

Current options for processing 1.3 Mtpy of 
dry ore compared to present “state of theart” 

80 MW shielded-arc furnace

Furnace for 2 
Mtpy of dry ore 

RKEF line

Low Power High Power, 
Low Intensity

High Power, 
High Intensity 

(State of the art)

Ultra High 
Power, High 

Intensity
1 2 3 4 5 6

No. of Funace 2 1 1 1
Furnace Power MW 40 80 80 120

Calcine Production
t/h 159 161 166 250

million t/y 1.18 1.20 1.24 1.86
Hearth Area m2 225 450 225 350
Power Density kW/m2 175 175 350 350
Total Surface Area m2 1640 1420 820 1150
Thermal Losses MW 8.4 7.6 4.9 6.8
Electrical Losses 
(Electrodes, LV Bus, 
Transformer)

MW 2.0 2.0 1.6 2.4

Total Losses MW 10.4 9.6 6.5 9.2
Approx crucible(s) 
weight(refractory, steel, 
coppercoolers)

tones 4500 4300 2400 3400

Furnace Installed Cost* $ million 65 45 40 45
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1 2 3 4 5 6
Capital cost per annual 
tonne of calcine smelted * $/t calcine 55 38 32 24

Cost of energy loss ** $/ t cal-
cine $7.67 $7.00 $4.57 $4.33

* Furnace only (excludes offgas, feed system, utilities, building etc);
** Assuming a power cost of $0.10/kWh

In this case, capital cost savings of up to $25 mil-
lion dollars for the furnace alone (plus additional 
savings due to smaller buildings etc) can be realized 
by employing a high powered, intense furnace pro-
cess [5].

According to the actual version at NewCo “Fer-
ronickeli” (Kosovo), electric energy, technological 
resources and refractory materials not only make up 
the bulk of the costs, but they are also key indicators 
of performance (Figure 3).

Figure 3. Participation of energy, technological materials and others in 
the cost of Fe-Ni production [%] in NewCo “Ferronikeli”

4.2 Research steps in “Converter route with de-
sulfurization system integrated in the electro-arc 
furnace with reagent injection” and cost structure

Ferronickel of electric furnace of Ferronickel 
“Foundry” in Drenas (Kosovo), is followed by various 
impurities, such as: silicon, chromium, copper, carbon, 
sulfur, phosphorus, phosphorus, cobalt, etc., Tabla 4.

Table 4. – Average of chemical composition of ferronickel

As Fe Si Cr C P S Ni Co Cu
0.03 72.5–84 2.7–4.0 0.25–0.76 0.3–0.6 0.07–0.2 0.7–2.0 11.22–17 0.5–0.74 0.03–0.05

Of all the impurities, sulphur, has the greatest nega-
tive impact on ferronickel properties, when is used for 
the production of steel, and its removal proceeds slow-
ly and is followed by high energy costs and high pro-

duce costs. Thus, the desulfurization of Fe-Ni is quite 
complex, and usually preceded by desulphurization in 
“ladle furnace route”, “converter route” or in the case 
of NewCo Ferronickel (Kosovo) it would be good to 
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develop according to the “converter route with desul-
furization system integrated in the electro-arc furnace 
with reagent injection”, were used different reagents 
and then continued in LD converters during the oxy-
gen refining process.Theoretically, if desulphurization 
was carried out of furnace, namely through “converter 
route with integration of EAF with powder reagent 

injection system”, using desulphurizer Mg, Na2CO3, 
synthetic slag or any similar desulphurizer the desul-
phurization rate during this intermediate phase would 
have to be 40–60% [S], removed from the electric fur-
nace of ferronickel [2]. According to the theoretical 
converter route reviews, the main steps of which are 
described in Table 4:

Table 4. – Process steps in converter route with desulfurization system 
integrated in the electro-arc furnace with reagent injection

Process step Aim
1. Casting from electric furnace EF metal

2. Oxygen blowing and addition CaO during cast-
ing

Chemical heating
Removal of carbon, silicon, and phosphorus

3. Deslagging Removal of SiO2 and P2O5
rich slag

4.
EAF – electrical energy treatment EF metal (Ni = 
= 15–25%, Si – 2–3%, S = 0.5–1,8%, C = 0.5–1.5%) 
and addition CaO

Deoxidation and desulfurisation
Electrical heating

5. Deslagging Removal of Fe2O3, SiO2 and P2O5
rich slag

6. Optional oxygen blowing Decarburisation

7. Electrical energy and addition CaCO3 + CaO 
and powder reagent

Deoxidation and desulfurisation
Electrical heating

8. Deslagging Removal of FeO, S through slag and gases
9. Electrical energy Deoxidation, decarburisation and desulfurisation

10. Deslagging Removal of FeO, FeS, Cr2O3, etc.

11. Refining in converter (Ni = 25–45%, S = 0.04%, 
C = 0.01%, Si = 0.01%, Cr = 0.01%) Final removal; Si, Cr, P, etc.

12. Deslagging Removal of FeO, FeS, Cr2O3, etc.
13. Granulation

The oxidation reaction of Si during time of casting 
of metal from the electric furnace would be used to 
improve the thermal conditions. Thus in support of 
the chemical heating, which comes from the oxida-
tion reactions of Si, P, C and Fe as well as that from 
the electric arc, will:

• prevents the appearance of “cold metal” in 
the ladle by eliminating the physical losses 
of the base metal;

• affected the speed of chemical reactions that 
take place between the metal-slag phasesl;

• also wil be enabled the processing of the 
cooled metal of the EF channel, scrap, as oth-
er metal wherever it appears in the ward, thus 
increasing the utilization rate of ferronchiel.

The technical construction of the desulphurizer 
injection station may be equipped with two spears, 
one for the injection of powdered or molten desul-
phurizers and one for the blowing of oxygen and 
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the electromagnetic mixer between which the com-
ponents participating in the desulphurisation are 
deliberately subjected to mixing. Table 5 shows the 
main technical-technological parameters with the 

structure of costsfor desulfurization of ferronickel 
according to the variant for converter route with 
desulfurization system integrated in the electro-arc 
furnace with reagent injection.

Table 5. – The main technical-technological parameters with the cost structure for converter 
route with desulfurization system integrated in the electro-arc furnace with reagent injection

Stages of the process Conc. i Si 
dhe S [%]

Temp. of 
phase. [0C]

Time of phase 
[min]

Cost 
[$/t] Othres

Casting (Fe-Ni from Electric 
Furnace

2.8 Si
1.28 S 1350 25

Transportation 1340 5

oxidation Si, C in “converter 
route”

0.05 Si
0.05 C 1650 40 5

1500kg CaCO3
10 kg R.m./t
5 t scrap

Deslaggin and addition of CaO 1490 10 6 500kg CaO
Addition of Al 0.4 Al 1625 20 12.5 175 kg Al
Temperature measurement – 1625 10
Injection desulfurization (first 
degree) 0.1 S 1520 16 10 800 kg CaO

Removal of slag, for control the 
temp.and addit. CaO 1510 15 5 400 kg CaO

Heating through EAF 1620 30 55x 1200 kwh energy
Injection desulfurization (second 
degree) 0.04 S 1570 8 5 400 kg CaO

Deslagging and additon CaO 1560 10 5 400 kg CaO

Injection defosorption 0.04 P 1480 16 17.5

80 kg(40% CaO
40% FeO
20% Ca
20% CaF2
Consumption of 
spears

Deslagging 1470 10 64 1400 kWh
TOTAL REFINING COST 245 197

The results of the this research have proved that 
for the crude Fe-Ni compositions from the “Fer-
ronikel” Foundry of Drenas, the integration of this 
intermediate process in the technological refining 
scheme would show favorable economic indicators 
and rational use of natural resources.

5. Conclusions
Ladle based refinery plants have been success-

fully installed for the refining of crude FeNi pro-
duced by the RRK-EF-LD “conveter route”. Refining 
operation using oxygen blowing during tapping and 
by integration of EAT with the desulphurization in-
jector treatment afterwards are flexible to cope with 



Section 3. Materials Science

26

varying compositions ofthe crude metal.According 
to the current refining technologies in the NewCo 
“Ferronckeli”, electrical energy and refractory ma-
terials are the main determinants in the structure of 
production costs, so the integration of such tech-
nologies as between stages of the refining process in 
addition to minimizing heat loss and and reducing 
costs for refractory materials, they would enable the 
increase of production capacities, improve the utili-
zation coefficient of metal, reduce production costs 
as well as guarantee a high quality controll.
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STUDY OF THE PROCESS OF DECOMPOSITION OF ZINC 
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Abstract. Introduction of zinc concentrate into acid chloride solutions to obtain zinc chloride 
solution. The article provides information on the importance of zinc compounds, in particular zinc-
chloride, considers some of its properties and production technology.
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During the processing of zinc kicks by rolling, 

most of the rare elements pass into sublimates, con-
centrating in the Waelz oxides. Thallium is sublimat-
ed by 70–75%, selenium by 70–80%, tellurium by 
75–85%, indium by 72–74%, germanium by 92–95% 
of their content in the cake. WhenprocessingWaelzo-
kis, theseelementscanbeobtainedintheformofcom-
mercialmetals.

When zinc cakes are processed using hydromet-
allurgical technology, 85–95% of cadmium, 95–98% 
of indium, 86–91% each of thallium, selenium, tel-
lurium and germanium pass into solution in the 
course of high-temperature leaching; from the solu-
tion, rare elements can be isolated into a rare metal 
cake … 94–97% of lead and precious metals remain 
in the lead kick after leaching. Cadmium, together 
with copper, is concentrated during the cementa-
tion treatment of a zinc sulfate solution in a copper-
cadmium cake.

This is due to the fact that at a temperature of 
1300 °C the vapor pressure of indium is significant. 
The cadmium present in the agglomerate, during dis-
tillation, almost completely passes into the vapor-

gas mixture, and during condensation, the vapor is 
concentrated in the pusier and partially passes into 
the rough zinc. When crude zinc is refined by recti-
fication, cadmium passes into the condensate of the 
cadmium column. Indium is concentrated in the bot-
toms of the lead column [1].

Analysis of the work of enterprises of the lead-
zinc industry in domestic and foreign practice 
showed that the lead-zinc industry plays a decisive 
role in the production of rare metals, especially cad-
mium, indium, thallium, germanium, as well as tel-
lurium, selenium.

Almost completely cadmium, about 90% of in-
dium, 75% of germanium, 60% of thallium, 30–40% 
of selenium and tellurium are obtained from semi-
products of lead-zinc production.

In zinc production, in order to increase the 
complexity of the use of valuable components of 
raw materials, it is necessary to organize the ratio-
nal processing of zinc cakes, copper-cadmium cakes, 
dusts obtained during agglomerating roasting of zinc 
concentrates, as well as pusiers of pyrometallurgical 
plants, the bottom residue of a lead distillation col-
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umn, cadmium condensate and, in addition, process-
ing of slag, matte, raymovka [2].

The most important property of non-ferrous 
metallurgy raw materials is the ability to generate 
significant heat during processing. A huge amount 
of energy is hidden and released in the process of 
pyrometallurgical processing of various sulphide raw 
materials, which include sulphide zinc concentrates, 
as well as sulphide copper, nickel concentrates and 
intermediate products of their processing. This en-
ergy forms a significant part of the secondary energy 
resources. It accounts for more than 30% of the to-
tal amount of secondary energy resources in non-
ferrous metallurgy.

Rational and careful use of fuel and energy re-
sources is currently extremely important. Thus, a 1% 
reduction in fuel consumption across the national 
economy gives an economy of 10 million tons of 
standard fuel. The use of the heat of combustion of 
sulfide materials and secondary energy resources is 
an important reserve for saving fuel and energy re-
sources in non-ferrous metallurgy. The problem of 
saving energy resources in non-ferrous metallurgy 
can be solved in two ways: the development and 
implementation of autogenous processes for the pro-
cessing of raw materials, carried out at the expense 
of its own energy potential, and the use of secondary 
energy resources as a valuable property of products 
and intermediate products (use of heat from waste 
gases, slags, etc.) … Autogenous processes include 
roasting of sulfide concentrates, oxygen-flare smelt-
ing – KIVCET-TsS process, suspension smelting, 
smelting in a liquid bath [3].

Non-ferrous metallurgy has significant reserves 
for the use of secondary energy resources. These in-
clude the generation of energy from recycling plants, 
the use of waste gas heat for steam production and 
for power generation.

The use of secondary energy resources is of no 
less economic importance.

To clean exhaust gases from dust, it is necessary 
to cool them from 1000–1200 °C to 300–400 °C. If 

the heat is not utilized, then the cooling of gases in 
front of the electrostatic precipitators is carried out 
by diluting them 3–4 times with air. Cooling gases 
in waste heat boilers will reduce their volume and 
reduce the number of installed electrostatic pre-
cipitators, which can save several million soums. In 
addition, part of the dust is captured in the waste 
heat boilers, which ensures a higher quality of gas 
cleaning at subsequent stages. Low dilution of ex-
haust gases with air makes it possible to increase the 
concentration of sulfur dioxide (SO2) in the gases 
and to obtain a large economic effect.

The use of heated blast with exhaust gases in py-
rometallurgical processes allows to reduce fuel con-
sumption and makes it possible to organize produc-
tion more efficiently [4].

The use of secondary energy resources in the pro-
cessing of zinc raw materials has a great influence on 
the efficiency of its complex processing.

The zinc industry has significant reserves for the 
use of secondary energy resources as one of the ele-
ments of the complex composition of raw materials, 
namely, its energy properties.

An increase in the complexity of the use of com-
ponents of zinc raw materials with an improvement 
in the technical and economic indicators of the op-
eration of zinc enterprises largely depends on the 
following factors [6].

Primary and secondary raw materials must be 
preliminarily prepared for metallurgical processing. 
Preparation includes the operations of homogeniza-
tion, crushing, grinding, agglomeration, drying, etc.

The extraction of zinc and lead by combined, 
sequential biooxidation and acid leaching of brine 
from crude complex sulfide ores containing sphaler-
ite, pyrite and galena was investigated [7]. For bio-
oxidation, the dissolution of zinc from sulfide ores by 
adapted bacteria was investigated. The effect on ore 
particle size, pH, pulp density and temperature on 
bacterial leaching has been studied systematically. It 
was shown that about 95% of the zinc was recovered 
after 20 days of bioleaching at 30 °C. Subsequently, 
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98% of the lead was recovered from the bioleaching 
residues using an acidic sodium chloride solution as 
a lead leach at 60 °C for 90 minutes. Leach kinetics 
indicated that diffusion through the product bed was 
a rate control process during the bioleach of zinc and 

the overall rate of a chemical reaction at the surface 
was a rate control process during a lead brine leach. 
It was calculated that the relative activation energies 
of the total rate at two different stages of leaching are 
32.09 and 44.35 kJ/mol, respectively.
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COTTON FIBER WETTING METHOD IN GINNERIES 
AND PROPERTIES OF PROCESSED FIBER

Abstract. The results obtained show an increase in the absorption of the moisturizing agent of cotton 
fiber in both cases, and at concentration values (0.6–1.0%) in the case of TEA, this indicator is higher 
than in the case of MEA. However, at low values of the MEA concentration, it has a greater effect on 
the absorption of the wetting agent. In this composition, water is the main moisturizing agent.

The surfactant acts as a wetting agent, helping to lower the surface tension of water with the fiber, 
thereby increasing the interaction energy (heat of wetting) of cellulose macromolecules on the sur-
face of the fibers with water.

Кeywords: cotton fiber, adsorption, gin, sulfonal, solution, fatty acids, concentration.
Moistening cotton fiber to the values required by 

the standard is the most important task in the condi-
tions of cotton ginning plants. Cotton fiber belongs 
to the category of colloidal capillary-porous materi-
als, which are characterized mainly by mono- and 
polymolecular adsorption, as well as capillary con-
densation [1]. Moistening the fiber to normalized 
values (8% for the first grades) corresponds to the 
zone of polymolecular adsorption.

Based on the available insignificant amount of lit-
erature data and analysis of the work of various cot-
ton ginning plants in Uzbekistan, it becomes clear 
that the problem of wetting cotton fiber has not been 
practically resolved to this day. Therefore, the studies 
carried out in this direction are very relevant.

The possibility of increasing the moisture con-
tent of cotton fiber, not worsening, but, on the con-

trary, improving other indicators of the processed 
fiber, were identified earlier (3–5), which gave posi-
tive results [2].

Before the experiments in the factory, the abil-
ity to absorb the moisturizing agent by cotton fiber 
was determined as follows: 5.0 g of cotton fiber is 
placed in a pre-weighed glass with holes but the bot-
tom, which is pressed with a special lid and placed 
in a dish with a moisturizing agent, filled to a certain 
mark and kept for 10 minutes. Then the mass of the 
glass with the moistened cotton fiber is determined.

The main reason for the insignificant degree of fi-
ber moisture is its poor wettability with water. on the 
surface of the fibers there are fat-wax substances that 
give it water-repellent properties. Therefore, when 
water is applied to the fiber more than 0.7–0.8%, wa-
ter accumulates on its surface in the form of drops 
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and contributes to the adhesion of the yoke to the 
surface of the mesh drum of the condenser, resulting 
in clogging of the mesh of the drum, which prevents 
successful the flow of the process of pressing the fiber 
into bales [3].

An increase in the degree to moistening of cotton 
fiber under the conditions of cotton ginning factories 
producing cotton fiber to the required degree (1.5– 
–2.0%) can be achieved by activating the main mois-
turizing agent, water, by introducing insignificant 
amounts of wetting agents into the composition, 
which are mainly surfactants (surfactants). Avail-
able and inexpensive reagents such as Avirol, Sinte-
gal, Metaupon, nitrogen-containing salts of distilled 
fatty acids have been investigated in laboratories [4].

The investigated reagents are harmless to the 
health of warm-blooded animals. These solutions 
can easily be prepared in ginneries by simply stir-
ring in water at room temperature,

The study of the effect of a 0.5% Sintegal solution 
on the moisture content of cotton fiber did not show 
an improvement in comparison with the water cur-
rently used in production, therefore, further studies 
with this substance were not carried out.

On the basis of metaupon, sulfonal, avirol, solu-
tions of 0.0015–1% concentration were obtained. 
The obtained data on the moisture content of cot-
ton fiber are presented in table 1.

As can be seen from the results of the table, with 
a decrease in the amount of wetting agents in the 
solution, the absorption of the moisturizing agent 
by cotton and fiber gradually decreases, which is ap-

parently associated with an increase in the surface 
tension of water and a decrease in the interaction 
energy of cellulose macromolecules with a moistur-
izing agent [5].

Table 1. – The dependence of the absorption 
of the moisturizing agent by cotton fiber 

on the concentration of metaupon

Surfactant concentra-
tion,%

Water absorption by 
fiber,%

1,0 400
0,5 606

0,25 593
0,125 533
0,625 467

0,0308 310
0,0015 180

80

Thus, from the data obtained, the following as-
sumptions can be made that the use of a 0.03% so-
lution of wetting agents as a moisturizing agent will 
increase the increase in humidification by 2%. If a 
higher increase in moisture is required, it is possible 
to use solutions of high concentration (within the 
specified limits).

Similar studies were carried out with solutions 
of nitrogen-containing salts of distilled fatty acids 
obtained using monoethanolamine (MEA) and tri-
ethanolamine (TEA) in a mixture with distilled fatty 
acids (FFA). The obtained data on the effect of the 
content of nitrogen-containing FFA on the absorp-
tion of cotton fiber are presented in table 2.

Table 2. – Dependence of the absorption of the moisturizing agent 
by cotton fiber on the concentration of metaupon

Surfactant concentration,%
Water absorption by fiber,%

JK + TEA JC + IEA
1,0 814 804
0,5 766 708

0,25 466 640
0,125 206 352
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The results obtained show an increase in the ab-
sorption of the moisturizing agent of cotton fiber in 
both cases, and at concentration values (0.6–1.0%) 
in the case of TEA, this indicator is higher than in 
the case of MEA. However, at low values of the MEA 
concentration, it has a greater effect on the absorp-
tion of the wetting agent. In this composition, water 
is the main moisturizing agent.

The surfactant acts as a wetting agent, helping to 
lower the surface tension of water with the fiber, there-
by increasing the interaction energy (heat of wetting) 
of cellulose macromolecules on the surface of the fibers 
with water. Therefore, further steps in this direction are 
the development of a method for wetting cotton fiber 
in the conditions of refineries and the effect of this pro-
cess on the properties of the processed fiber.

To begin with, an aqueous emulsion was prepared, 
consisting of surfactants, with a concentration of 0.125 
to 1.0. The surfactant was a nitrogen-containing salt of 

distilled fatty acids, obtained by the action of mono- 
or triethanolamine on distilled fatty acid in a 1: 1 ratio 
(pH-7), the emulsion was prepared in various concen-
trations, and (from 0.125% to 1%) … as follows: (for 
example, 0.125% concentration): 125 g of nitrogen-
containing salt of distilled fatty acids are dissolved in 
1 liter of water. After complete dissolution, the volume 
of the emulsion is brought to 100 liters. The resulting 
emulsion has a light yellow color.

As surfactants, such substances as Avirol, Sulfanol, 
Sintegal and Metaupon were also used. Prepared aque-
ous solutions of surfactants of various concentrations 
for Sintegal – 0.5% and Metaupon – 0.0015–1.0. The 
technique is similar to the previous one. Moistening 
with the proposed compositions was carried out on 
a large fiber outlet, using a moistening liquid sprayed 
to a finely dispersed state. Figure 1 shows the process 
flow diagram of the humidification process in the con-
ditions of cotton ginning plants.

Figure 1. Technological scheme of processing cotton fiber: 
1 – storage tank; 6 – distributor valve; 2 – valve; 7 – nozzle; 3 – filter apparatus 

8 – diffuser; 4 – ratometer 9 – compressor; 5 – valve distributor
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Moisturizing agent concentrates currently avail-
able in the form of powders or 50–70% aqueous solu-
tions; for the use of the latter, it is necessary to dilute 
to 0.3–0.5% aqueous solution as follows: (currently 
the preparation and application of the moisturizing 
agent is not automated, therefore all work is carried 
out manually) Concentrate of the moisturizing agent 
per 100 l solution (in the amount of 0.5 kg. in the 
case of a dry powder or 1.0 l in the case of a 50–70% 
aqueous solution is placed in a container and diluted, 
desirably, with warm water until a uniform transpar-
ent solution is obtained. should remain undissolved 
pieces of concentrate. This solution is poured into a 
large barrel, from which it is supplied to moisten the 
fiber. Then water is added to the large barrel (at the 
rate of 100 liters of water for 1.5 kg of powder or 1.0 
liters of concentrate. Solution in large the barrel mixes 
well again and will be used to moisten the fiber.If the 
concentrate dissolves very easily (in the case of a pow-
der) or easily mixes with water (in the case of a solu-
tion), then the dissolution of the concentrate can be 
run directly into a large barrel. To do this, the required 
amount of concentrate is placed in this barrel and the 
required amount of water is poured into the barrel. 
The solution is mixed well and used to wet the fiber.

Additional moistening of cotton fiber is carried 
out as follows: first, it is necessary to turn on the 
compressor (9), then completely open the valve 
(2) of the storage tank (1). In this case, the mois-
turizing agent prepared by the above method from 
the storage tank (1) passes through the filter appa-
ratus (3) and is supplied to the distributor valve (5, 
5 “and 5”). The number of distribution valves in it is 
equal to the number of nozzles on the feeder. From 
the distribution valve, the dampening agent is trans-
ferred through the pneumatic control valve (6) to 
the nozzle (7). The nozzle is attached to the feeder. 
The moisturizing agent is sprayed onto the fiber in 
the feeder using air from a compressor at a pressure 
of 4–5 atm. The amount of supplied humidifying ma-
terial is regulated by means of valves – distributors 
(5, 5 ‘and 5 “).

To do this, first open one of the distributor valves 
(5) and supply the required amount of liquid to the 
nozzle, then the same amount of liquid is supplied 
to the second nozzle, which are attached to the 
feeder. The pneumatic control valves automatically 
turn on when fiber is fed and shut off when the feed 
stops. The amount of supplied liquid is controlled 
by measuring the supplied liquid and depends on 
the moisture content of the fiber to the amount of 
fiber supplied to the feeder. At a fiber moisture con-
tent of 4% or less, it is necessary to supply liquid in 
an amount of 3% of the mass of the resulting bales; 
with a fiber moisture content of 4–5%, 2.0% should 
be supplied; with a moisture content of 5–5.5%, a 
moisturizing liquid should be supplied. 1–1.5% 
while the moisture content of the resulting bales will 
be at least 6.0%. It should be especially emphasized 
that with constant operation of the humidifying unit, 
it is necessary to clean the neck of the diffuser ev-
ery 1.5–2 hours, for which it is necessary to open 
a window near the neck of 250 × 300 mm from the 
side of the gin (approximate dimensions). In the ab-
sence of such a window and without cleaning the 
throat, the fiber clings to the burrs of the diffuser 
neck and collects various debris and, leaving after a 
while through the fiber outlet, strongly clogs the fi-
ber bales. Therefore, during the operation of the gin, 
it is necessary to regularly clean the throat of the dif-
fuser (the obligatory cleaning of the diffuser and its 
throat is also included in the operating regulations of 
cotton factories). After finishing work (stopping all 
gin machines), it is necessary to stop the liquid sup-
ply. For this, the valve (2) is closed to the end, and 
then after 2–3 minutes the compressor is turned off. 
Figure 2 shows the proposed humidification device 
itself. The distance from the installation site of the 
atomizer to the brand condenser is no more than 10 
meters. This distance is quite enough for the fiber to 
be completely saturated with a moisturizing liquid. 
The principle of operation of the device is as follows: 
the moistening liquid from the source (1), through 
the filter (2) and counters (3), enters the input of 
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the electromagnetic valve of the P-RE3 / 2.5–1126 
UHLN brand (4).

The solenoid valves are connected in parallel with 
the gin apparatus. In the event that one of the gin 
machines stops, the solenoid valve is automatically 
turned on and the supply of humidifying liquid to 
the corresponding nozzle is shut off.

Compressed air from the compressor (5) through 
the filter (2) enters the corresponding channels of 

the nozzles. The working air pressure on the nozzles 
should be within 4–5 kgf/cm2.

The moisturizing liquid through the open rivets 
(4) and compressed air enters the corresponding 
channels of the nozzles (6). The direction of move-
ment of the dampening liquid is perpendicular to 
the movement of the fiber flow. If necessary, you can 
install the nozzles at an incline of up to 30 ° in the 
direction of fiber movement (forward flow).

Figure 2. Cotton fiber moistening device: 1 – reservoir for moisturizing agent; 
6 – nozzle;2 – filter; 7 – clamp for fastening the injector; 
3 – liquid counters; 8 – fiber pick-up; 4 – solenoid valves
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THE TECHNOLOGICAL PROCESS IMPROVEMENT FOR 
LACTOSE PRODUCTION FROM MILK WHEY USING 

THE METHOD OF BIPOLAR ELECTRODIALYSIS
Abstract. A method of milk sugar production has been developed, which provides maximum 

demineralization of milk whey and neutralization of acids, which is achieved by combining the classic and 
bipolar electrodialysis processes, using the uni- and bipolar membrane packages. The proposed technology 
ensures the improvement of the technological process of milk sugar production, maximum demineralization 
of milk whey and neutralization of acids, which leads to uniformity of the final product – milk sugar 
crystals, low hygroscopicity and the increased yield capacity. Process related substances like salts of acids 
and phosphates, can be used as a commercially useful product, and the regenerating solutions for washing 
equipment without disassemble can be obtained on the same technological equipment using the appropriate 
salt and demineralized water without purchasing additional reagents.

Keywords: milk whey; lactose; demineralization; neutralization; classic and bipolar electrodialysis.
The creation of high-technology enterprises in 

today’s world is a top priority for the development of 
industry, including in dairy production. The use of sec-
ondary raw materials like whey for milk processing is 
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an objective affecting the states as a whole throughout 
the world, since it is possible to produce wholesome 
quality food products on its basis. The dairy industry 
in our country loses thousands of tons of milk whey ev-
ery year, which causes environmental pollution when 
it gets into the soil. To prevent environmental damage 
caused by improper utilization of whey, we need to 
ensure its full processing. Whey contains almost half 
of milk solids (6.0–6.5%) – protein (0.7–0.9%), fat 
(0.1–0.3%), vitamins, minerals (0.60–0, 65%). It is 
rich in lactose (milk sugar), which accounts for about 
70% of dry weight [1, 2]. Currently, the largest whey 
producers in Europe process up to 35% of the total 
volume of whey to obtain milk sugar. In Georgia it is 
used only in minor amounts.

Milk sugar (lactose) is the only carbohydrate of 
animal origin in nature. In the human body, it per-
forms both energy and structural-plastic functions 
[2]. The unique physico-chemical properties of lac-
tose (high nutritional and biological value) have led 
to its increased use in various fields. The main users of 
lactose are: pharmacopoeia, cosmetology, microbio-
logical and medical industries, organic acid and alco-
hol production, etc. The major applications of lactose 
include the food industry, in particular the production 
of baby food, bakery and confectionery, salads, sauces, 
canned fruit, meat and fish products and so on.

The biggest problem in lactose production is 
caused by processing of sour curdy whey (70–75 0T). 
Due to its high acidity and high mineral content, sour 
curdy whey requires additional processing, primarily 
demineralization and acidity regulation (reduction). 
The modern technology reduces acidity of lactose-
containing raw materials in dairy enterprises using 
chemical (alkaline) reagents. Application of alkali has 
a negative effect on the composition and properties 
of the resultant product, for example, it changes the 
ratio of sodium and potassium ions and reduces the 
efficiency of salt removal. High acidity prevents lac-
tose crystallization and drying processes [3; 4; 5; 6].

As an alternative to alkaline treatment of sour 
whey, we propose an innovative reagentless tech-

nology using electrodialysis with the bipolar ion-
exchange membranes, which is highly relevant and 
is a novelty of research [5; 6].

There are many known modes of milk sugar pro-
duction [7; 8; 9; 10; 11, 97–102; 12, 91–98]. The 
disadvantage of these modes is that the level of de-
mineralization achieved by nanofiltration of lactose-
containing raw materials (25–30%) is insignificant, 
because of which, long-term electrodialysis process-
ing is performed to achieve the required 90%-level 
of demineralization; The process of crystallization of 
lactose is rather prolonged, and there are significant 
lactose and energy losses; uniformity and high hy-
groscopicity of lactose crystals are observed, as well 
as poor quality of the final product and its amor-
phous structure; the milk sugar yield capacity is low.

The aim of our study was to improve the process-
es of milk whey demineralization and acidity neutral-
ization in the process of lactose production, as well as 
to achieve maximal uniformity, low hygroscopicity 
and high yield capacity of crystallized lactose. This is 
achieved by using the electromembrane technology 
based on the classic and bipolar electrodialysis meth-
ods, where demineralization, pH-correction (acidity 
neutralization) and lactose crystallization processes 
occur in the flow with little use of electricity.

The technology that we have developed is imple-
mented in the following sequence: initially, the re-
moval of milk fat and protein particles from milk 
whey is carried out by any known method (separa-
tion, filtration). Then, the permeate (filtrate) with a 
dry matter content of up to 5.2–5.4% is obtained by 
ultrafiltration at a temperature of 18–20 0C. To re-
duce the buffer storage capacity, we should partially 
demineralize whey and reduce its acidity, the perme-
ate is moved to nanofiltration equipment, where the 
permeate is demineralized by 20–33% (compared to 
the initial amount of mineral salts) at a temperature 
of 18–20 0C, and then it is concentrated until the dry 
matter content of 20%. At a concentration ratio of 
N = 3,0, together with a concentrate, we got a sample 
of filtrate in which we determined the mass content 
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of ash and lactic acid. Based on the composition of 
the filter and concentrate, we used the formula 
C

C
Kf

c

=  to determine the separation coefficient K 

(Table 1.), where: C f  – is a concentration of compo-
nent in the filtrate; �Ck  – concentration of component 

in the concentrate; К – separation coefficient that is 
a characteristic of the membrane.

We used the value of K to calculate the degree of de-
mineralization and the lactic acid removal D according 
to the volumetric concentration ratio by the formula:

D
N K� �1

1
.

Table 1. – The percentage of the components in the curdy whey products separated by nano-filtration

Component Mass content,%
Initial whey NF – concentrate, Cc NF – filtrate, C f

Ash 0,65 1,40 0,4555
Lactic acid 0,61 1,41 0,3901

Theoretical and experimental relationships D = f (N), in the range of N varying from 1 to 4 are graphically 
shown in Figure 1.

Figure 1. Theoretical and experimental dependences of lactic acid removal quality on the 
volumetric concentration ratio during the concentration of curdy whey by nanofiltration

For the components examined, the value of D in-
creases with increasing the volumetric concentration 
ratio. The absolute value of D for ash is greater than 
for lactic acid. The maximum ascent of the curves is 
observed when a value of N is up to 3, after which 
the volume of the components decreases. At the 
volumetric concentration ratios greater than 3.5, the 
value of D remains almost unchanged. This is due to 
the increase in osmotic pressure in the concentrated 
solution, as well as due to the formation of a gel-like 
protein layer on the surface of the membrane, which 
reduces the performance of the equipment.

The performance of nanofiltration equipment was 
increased by 70% due to the use of pulsed pressure in 
the channel between the membranes. We link the pul-
sation frequency to the height of the intermembrane 
channel by means of the following expression:

h � �/ ,2 1 2� ,
where h – the height of the intermembrane channel, 
m; ω – pressure pulsation frequency, sec-1; ν – coef-
ficient of kinematic viscosity of the solution to be 
separated, m2/sec.

The expression allows to determine the optimal 
height of the channel for the solution to be separated 
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at the known value of pressure pulsation. When pro-
viding optimum nanofiltration regime N = 3,5, the 
degree of demineralization is 33% and the level of 
lactic acid removal is 28%.

After nanofiltration, the partially thickened perme-
ate moves into the flow-line electrodialysis, where the 
final demineralization of milk whey permeate to the 

level of 85–95% is performed using the classical elec-
trodialysis method, and by method of bipolar electrodi-
alysis, acidity is neutralized to the level of рН=6,0–6,5 
using the ion-exchange bipolar membranes. Whey de-
mineralization and acid neutralization were performed 
on integrated equipment shown in Figure 2.

Figure 2. The pilot integrated equipment for the classic and bipolar electrodialysis methods

The equipment is made of non-dismantable 
frame (1), on which there are mounted and installed: 
a filtration block (2) for the mechanical solutions; 
electromembrane apparatuses Lema/Lema-BM (3) 
/ (4); pump assembly (5), with power supply sourc-
es and their switch buttons (6); hydraulic control 
panel with rotameters (8), manometers, regulatory 
and sampling taps (10); electric power supply source 
for straightening machine (7), utensils for the work-
ing solutions (9).

The design of the apparatus eliminates the possi-
bility of contact of the solution undergoing treatment 
with any components and parts, except for the input 
and output piping, polyethylene liners and membranes.

The system of the device connection provides 
the necessary places for connection and discon-
nection with technological pipelines and electric 
power source. This allows to easily prepare the 
device for transportation in assembled form. The 
following parameters of the experiment were ob-
tained:

– Fluid temperature in all contours – (14–16) °C
– The maximum current supply – 0.8 A.
– Pumping speed in all cells – 60 l/h
– The electrode solution is a solution of sodium 

acetic acid, whose specific electrical conductivity 
(SEC) is (16–22) uS/cm, and it the SEC of lactic 
acid.
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Bipolar electrodialysis results I  achieving the 
purity of the permeate at 0.975–0.980. It was es-
tablished that when processing the thickened curdy 
whey, voltage supplied to the module decreased to 
15 V at the initial point of time, and 70 minutes later, 
voltage reached 20 V and remained constant during 
the whole experiment.

At this time the current strength and its density 
had dependence characteristic of this indicator on the 
time to experiment. During processing of the thick-
ened whey for the first 70 minutes, the maximum 
value of the current strength did not exceed 0.8 A.

Thereafter, the permeate is thickened in a vacu-
um evaporator until the 62–65% dry matter content 

and 1.8–2.7 saturation factors are reached. Then, the 
syrup cooling and lactose crystallization processes 
occur. Crystallization is carried out at a cooling rate 
of 1.5–2.0 degrees per minute until the crystals reach 
8.0–20.0 μm. At the end, the crystals are washed and 
dried in a spray-disk dryer.

The proposed technology ensures the improve-
ment of the technological process of milk sugar pro-
duction, maximum demineralization of milk whey 
and neutralization of acids, which leads to unifor-
mity of the final product – milk sugar crystals, low 
hygroscopicity and the increased yield capacity. 
Processing of 1 ton of milk whey allows to produce 
45–48 kg of milk sugar.
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SYNTHESIS OF 6-METHYLURACIL DERIVATIVES 
AND THEIR PHARMACOLOGICAL ACTIVITY

Abstract. Selenium-containing derivatives of 6-methyluracil were synthesized, their reactivity 
was identified. Biological activity of uracils was studied, a simplified one-stage synthesis method was 
found and optimum conditions for obtaining these compounds were determined. It was established 
that synthesized compounds exhibit high antimicrobial activity.

Keywords: synthesis, selenium, 6-methyluracil, alkyl derivatives, diallyl, diallyl derivatives, bio-
logical activity.

One of the developing sections in synthetic organ-
ic chemistry is the chemistry of nucleosides, among 

the numerous class of which uracils have a special 
place, that is due to the wide range of their properties.
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At present, derivatives of the most studied repre-
sentative of this class of 5-fluorouracil with various 
substituent have been synthesized, their reactivity 
and addition order of ligands were found out and 
their biological activity was studied [1–5].

Study of biological activity of uracils and their 
derivatives led to further development of potential 
medicinal products on their basis. Data from the 
authors [1–4,5], on the basis of which biological ac-
tivity of uracils was determined by adding different 
functional groups into the position of “6” uracil ring, 
also is of great interest.

It has been proven by many developments that 
one of the active uracil derivatives is 6-methylura-

cil and its derivatives which by accelerating the cell 
regeneration and having wide range of anabolic and 
anticatabolic activity and anti-inflammatory prop-
erties, form part of different medicals and are used 
as intermediate compounds in the synthesis of new 
medicinal products [5–13].

As a continuation of the works on the synthesis 
and development of substances with supposed bio-
logical activity, we obtained new alkyl derivatives of 
6-methyluracil (I) (MeUr) [14]: 2- (6-methylura-
cyl-1) -ethyl bromide (II); 1,3-diallyl-6-methylura-
cil (III); 1-(2,3-epoxypropyl)-6-methyluracil (IV); 
1-(2-oxy-3-chloropropyl) –6-methyluracil (V) by 
reaction of 6-methyluracil with alkyl halides.

R=H, R′=–CH2CH2Br(II); R= R′=(CH2CHCH2)2 (III);

The reaction for producing alkyl methyluracils 
was performed in one step by reacting 6-methylu-
racil with alkyl halide and potassium carbonate in 
dimethylformamide solution. Triethylbenzeneam-
monium chloride (TEBACH) and 18-crown-6-
ether (18-C-6) were used as catalysts to synthesize 
all compounds. In the first case, all with other things 
being equal, yield of target compounds was less than 
in the second. Therefore, the experimental part de-
scribes the procedures for the synthesis of these com-
pounds only with the participation of 18-crown-6-
ether. Theoretically, alkylation of 6-methyluracil may 
proceed in two directions: in N1 and N3 positions. 
In our studies, alkylation proceeds according to the 

position N1 (i. e., the substituent is in position 1), 
by the data of NMR’H of synthesized compounds, 
proton signal of NH3 observed in the region of 10.2, 
that is consistent with literature data [15].

In view of the fact that uracils and their deriva-
tives are of interest in synthesis of biologically ac-
tive compounds on their basis, and also, considering 
highly interesting studies on the synthesis of selenor-
ganic compounds with the same important proper-
ties, it seemed interesting to perform works on their 
combination and production of new compounds, 
also with potential bioactive properties.

For this purpose, some selenium-containing 
derivatives of 6-methyl-uracil were obtained. Thus, 
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bis- (6-methyluracylyl-1) selenoxomethane (VI) 
was synthesized by reacting the latter with carbon 

tetrachloride and sodium selenide in the presence 
of copper monochloride as a catalyst.

Bis-[2-(6-methyluracylyl-1) ethyl] selenide (VII) 
and bis [3-(6-methyl- uracylyl-1) –2-oxypropyl] sel-

enide (VIII) were obtained by reaction of alkyl methy-
luracils II and V with sodium selenide:

Bis-[(6-methyluracil-1)-2-bromopronyl]sel-
enedibromide (X) was synthesized by reaction of 

alkylmethyluracil (IX) with selenium tetrabromide 
obtained by us earlier [10]:

Reaction mechanism [16] proceeds through:
– the formation of transition complex (IXa) with 

its further conversion to [(6-methyluracil-1)-2-bro-
mopropyl] selenium tribromide, which by covalency 
of bond Se-Br it is ionized in solvent with formation 
of dibromo[(60methyluracilyl-1)]-2-bromopropyl 
selenonium bromide (IXb). The latter, being the 
source of the bromonium ion and the cation ionic 
intermediate [(6-methyluracilyl-1)-2-bromopropyl] 
selenium dibromide, joins the second molecule (IX) 

to form an adduct (X). The reaction is carried out at 
a molar ratio (IX) to SeBr4 2:1.

Synthesized compounds (II–X) are light crystals, 
the structure of which has been proven by NMR and 
IR spectroscopy.

Experimental part
2-(6-methyluracilyl-1) ethylbromide (II). 

3.8 g(20 mmol) of dibromoethane in 20 ml of di-
methyl formamide (DMFA), 0.15 g (0.57 mmol) 
18-C-6 is added into three-necked flask and 2.5 g 
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(20 mmol) of 6- methyluracil dissolved in 30 ml of 
DMFA is was poured dropwise at 300C. The temper-
ature is raised up to 40 0C and the reaction mixture is 
stirred for 12 hours. After completion, the filtrate is 
dispersed. Precipitated crystals are washed with iso-
propyl alcohol, sulfuric ether and dried. Ivory crystals 
are separated: Yield 1.48 g(37%). Tmelt. – 255–260 0С. 
IR-spectrum ν, cm–1:1470 (CH2, CH3), 1690 (C = 
=O), 3195 (NH), 2865 (СН). NMR’H-spectrum 
σ, ppm: 10.2 m (NH), 5.45 d (1Н, С(5) Н), 3.65 t 
(2Н, СН2Вг).

1,3-diallyl-6-methyluracil (III). 2.6 g (20 mmol) 
of 6-methyluracil 1.38 g (10 mmol) of K2CO3, 0.15 g 
(0.57 mmol) of 18-C-6, 4.8g (40 mmol) of bromal-
lylene, 30 ml of DMFA is poured into reaction flask 
and stirred for 6 hours at 500C. As the reaction pro-
ceeded, precipitation occurred and is decanted. It is 

dried, washed with hot heptane. White powder is 
separated: Tmelt > 350 0С (does not melt). Yield – 3.15 
g (77.3%). IR spectrum ν, cm-1: 1635–1650 (C=C al-
lyl). 1695 (C=O) NMR’H spectrum σ, ppm: 7.74 d 
(1H, C(5) H), 5.60 m (2H, CH=C-), 5.22 m (4H, C–
CH2), 4.40 d (2H, N1-CH2), 4.70 d (2H, NH3-CH2).

1-(2,3-epoxypropyl) –6-methyluracil (IV). 
3.9 g(30 mmol) of MeUr is added into the flask, dis-
solved, 30 ml of dimethylformamide, 1.38 (10 mmol) 
of K2CO3, 0.15 g (0.57 mmol) of 18-C-6 and 2.8 g 
(30 mmol) of epichlorohydrine is added dropwise at 
50 0C. After 6 hour stirring, the solution is distilled, 
crystalline yellowish oily precipitate remained at the 
bottom of the flask, is washed with hot isopropyl alco-
hol, and dried: yield – 0.7 g (41%). Tmelt. –270–272 0 С. 
IR-spectrum, ν, cm–1:1720 (C=O), 1100. 1250,

1-(2-oxy-3-chloropropyl) –6-methylura-
cil (V). A solution of 1.2 g of NaOH in 10 ml of 
water is added dropwise into a mixture of 3.78 g 
(30 mmol) of 6MeUr in 30 ml of DMFA at 500С, 
and is stirred for 2–3 hours. Without removing so-
dium salt of 6-methyluracil, 0.15 g (0.57 mmol) of 
18-С-6 is added to the reaction flask, and 3.4 g (30 
mmol) of dichloropropanol is poured dropwise. Stir-
ring is continued for 6 hours at 70 0C. As the reaction 
proceeded, a white curd precipitate is deposited on 
the bottom of the flask. It is filtered in glass filter, 
washed with heptane and dried. Yield – 2.8 g (43%). 
Tmelt. 283–285 0C. IR-spectrum, ν, cm–1: 1730 (C=O), 
1100, 3400 (OH), 3100 (N-H). NMR’H spectrum 
σ, ppm: 4.92 c (1H, OH), 4.08 d (1H, C–CH-C), 
3.62 d (2H, NCH2), 2.84 d (2H, CH2Cl).

Bis-(6-methyluracil)-1-selenoxomethane 
(VI). Mixture of 2.56 g(20 mmol) of 6-methyl-uracil, 
15.4 g(10 mmol), 0.1 g(1 mmol) cuprous chloride in 

mixture of 20 ml of dimethylformamide and 20 ml of 
ethyl alcohol is heated at 60–650C for 6 hours. Upon 
completion of the reaction a precipitation occurs at 
the bottom of a flask. The precipitate is filtered, washed 
with hot ethanol and dried. Yield – 1.7 g (51%). Tmelt. 
240–245 0C. IR-spectrum, ν, cm–1: 790, 1430, 1485 
(C=Se), 1720 (C=O), 3145 (NH). NMR’H spectrum 
σ, ppm: 10.08 m (1H, NH), 7.5 (III, C(5), H).

Bis-[(6-methyluracilyl-1) ethyl]selenide 
(VII). 4.7 g (20 mmol) of compound (II), 1.2 g (10 
mmol) of Na2Se, 0.4 g (1 mmol) of 18-K-6 and 50 ml 
of absolute alcohol is poured into three-necked flask 
with nitrogen supply tube and mixed at 60 0C for 
6 hours, filtered, the filtrate is vaporized. The pre-
cipitate is washed with chloroform and hot alcohol: 
yield 1.3 g(34%): Tmelt. 298–300 0C. IR-spectrum, 
ν, cm–1: 730(C-Se), 1480 (CH2CH2), 3190 (NH). 
NMR’H spectrum σ, ppm: 9.8 m (1H, NH3). 
4.83 t (4H, CH2Se), 4.36 t (4H, NCH2).



SYNTHESIS OF 6-METHYLURACIL DERIVATIVES AND THEIR PHARMACOLOGICAL ACTIVITY

47

Bis-[3-(6-methyluracilyl-1)-2-oxypropyl]
selenide (VIII). It is synthesized using the method 
of producing compound VII from 4.3 g (20 mmol) 
compound (V), 1.25 g (10 mmol) of Na2Se, 0.4 g 
(1 mmol) of 18-K-6 and 50 mol of absolute alco-
hol. The precipitate is washed with hot alcohol 
and chloroform: yield is 1.9 g (42%). Tmelt. 181–
182  0C. IR-spectrum, ν, cm–1: 735 (C-Se), 1720 
(C=O), 1100, 3480 (OH). NMR’H spectrum σ, 
ppm: 4.86 c (2H, CH). 3.96 m (2H, C–CH-C), 
3.60 d (4H, CH2Se).

Bis-[(6-methyluracilyl-1)-2-bromopropyl] 
selendibromide (IX). 4 g (10 mmol) of SeBr4 in 10 
ml of chloroform is dropped into the solution of 3.4 g 
(20 mmol) (IX) in 30 ml of chloroform for an hour 
under nitrogen. After mixing the mass for 3 hours 
at 30 0C, the precipitate is filtered, washed with hot 
chloroform: yield is 3.2 g (44%). Tmelt. – 117–118 0C. 
IR-spectrum, ν, cm–1: 740 (C-Se), 1680 (C=C), 
1730 (C=O) NMR’H spectrum σ, ppm: 4.38 t (2H, 
CHBr). 3.85 d (4H, CH2Se), 10.28 (2H, NH), 3.23 t 
(4H, NCH2).

Antimicrobial properties of (II–VI)
Considering that molecules of synthesized com-

pounds contain fragments that are part of many me-
dicinal preparations, it seemed obvious to study their 
bioactive properties.

The table shows antimicrobial influence data of 
compounds (II–VI) on testing cultures: Staphylo-
coccus aureus (Si-aureus), Escherichia coli (E. coli), 
Pseudomonas aeruginosa (Ps. aeroq.), and Candida 
albicans.

Antimicrobial activity testing of synthesized al-
kyl-6-methyluracil, including its selenium derivative: 
(6-methyluracilyl-1)-ethylbromide (II), 1,3-dial-
kyl-6-methyluracil (III), 1-(2,3-epoxypropyl)-6-meth-
yluracil (IV), 1-(2-oxy-3-chloropropyl)-6-methylu-
racil (V), bis-(6-methyluracilyl-1) selenoxomethane 
(VI) was performed using the method of serial dilu-
tion. Tested substances were taken in the form of 1% 
of alcohol solution. Their activities were studied in 
the following dilutions: 1:200, 1:400, 1:800, 1:1600.

Meat infusion agar was used as a nutrient medi-
um with pH 7,2–7,4, but for Candida – Sabouraud’s 
medium.

In all tests microbial load was 1 billion of mi-
crobial bodies per 1 ml, from which one drop was 
added to each tube. Sowing was performed every 
10, 20, 40, 60 minutes of exposure. For comparative 
study of the activity of studied medicinal products 
known preparations were taken as a control (ethyl 
alcohol, furacin, nitro- fungine). It should be noted 
that all compounds in dilution of 1.1600 were inac-
tive to the testing-cultures.

Table1. – Antimicrobial actisvity of 6-methyluracil derivatives

№ Compound

Expo-
sure 

time of 
sowing, 

min.

Dilution degree

St.aureus E.coli Ps.acroq. Candida

1:
20

0

1:
40

0

1:
80

0

1:
60

0

1:
20

0

1:
40

0

1:
80

0

1:
60

0

1:
20

0

1:
40

0

1:
80

0

1:
60

0

1:
20

0

1:
40

0

1:
80

0

1:
60

0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

II 6MeUrCH2CH2Br
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+
+
+
+

+
+
+
+

+
+
+
+

+
+
+
+

–
–
–
–

–
–
–
–

+
+
+
+

+
+
+
+

–
–
–
–

+
–
–
–

+
+
+
+

+
+
+
+

–
–
–
–

+
+
+
+

+
+
+
+

+
+
+
+

III 6MeUr(CH2CHCH2)2

10
20
40
60

–
–
–
–

–
–
–
–

+
–
–
–

+
–
–
–

+
+
+
+

+
+
+
+

+
+
+
+

+
+
+
+

–
–
–
–

–
–
–
–

+
+
–
–

+
+
+
+

–
–
–
–

–
–
–
–

+
+
+
+

+
+
+
+
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

IV

10
20
40
60

–
–
–
–

–
–
–
–

+
–
–
–

+
+
+
+

+
+
+
+

+
+
+
+

+
+
+
+

+
+
+
+

–
–
–
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–
–
–
–

+
+
–
–

+
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+
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+
+
+
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V 6MeUrCH2CH(OH)CH2Cl
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–
–
–
–

–
–
–
–

+
+
+
+

+
+
+
+

+
+
+
+

+
+
+
+

+
+
+
+

+
+
+
+

–
–
–
–

–
–
–
–

+
+
+
+

+
+
+
+

–
–
–
–

–
–
–
–

+
+
+
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+
+
+
+

VI [6MeUr]2–C=Se

10
20
40
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–
–
–
–

–
–
–
–

+
+
–
–

+
+
+
+

+
–
–
–

+
+
+
+

+
+
+
+

+
+
+
+

+
+
+
+

+
+
+
+

+
+
+
+

+
+
+
+

–
–
–
–

–
–
–
–

–
–
–
–

+
+
+
+

In relation to S. aureus, tested compounds III, IV, 
V exhibit a similar bactericidal effect at 1:200, 1:400 
dilutions after 10 min. of exposure. Compound III 
has the strongest antimicrobial effect at 1:800 dilu-
tion after 20 min.

Only compounds II and III have an effect on E. 
coli. at 1:200 and 1:400 dilutions after 10 minutes of 
exposure. The rest compounds did not exhibit bac-
tericidal effect.

As to P. aeruginosa, all compounds exhibit simi-
lar effect at 1:200, 1:400 dilutions after 10 minutes 

of exposure. Compounds III and IV has an effect at 
a greater dilution of 1:800, but only after 40 min. but 
compound. V has no bactericidal effect at all.

As to Candida, compound II was inactive – it 
exhibited only antimicrobial effect at 1:200 dilution 
after 10 minutes. The rest compounds (III–V) also 
have a destructive effect at 1:400 dilution. None of 
these compounds (II–V) has any effect on this test-
ing culture at 1:800 dilution.
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