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Abstract. The methods of activation of the gas environment, which is formed during the combustion of 
combustible gases in oxygen or formed in a plasma flow based on technical kerosene, are presented. The 
active gas component, which is boron trifluoride in the form of kerosene or boron trifluoride etherate, is 
added directly to the working environment. Activation of surfaces in contact with gas and plasma flows 
occurs due to the interaction of boron trifluoride with surface metal oxides, forming a fusible or gaseous 
slag that is easily removed from the surface. A simple work cycle, a minimum of standard equipment and 
preparatory operations, ensure effective, stable activation of the surfaces of heat-resistant alloys in the 
temperature range of 1000-1200ºС. On the basis of studies of interaction processes, when surfacing the 
wear-resistant composition KBNHL-2 on the heat-resistant nickel alloy VZh-98 with a chromium content 
of up to 26% by weight, it is shown that the use of an activator significantly improves the adhesion activity 
of the surface. The wetting angles are within acceptable limits of 10-20º and can be easily adjustable due 
to visual temperature control. The proposed model of gas medium activation can be used for processing 
metals, their melting, soldering or heating in welding production and related processes. © 2026 Bull. Natl. 
Acad. Sci. Georg. 

Keywords: gas environment, active gases, plasma, boron trifluoride, surface activation, surfacing

Introduction 

The employment of active gaseous substances for 
the activation of surfaces prior to joining is well-
established in soldering, welding, and associated 
fields. Fluxes – which can exist in solid, liquid, or 
gaseous – are employed to activate these gaseous 
media (Yermolaiev et al., 2015). 

Gaseous fluxes serve both as standalone subs- 
tances and as activating agents in conjunction with 
neutral or reducing media. Active gaseous fluxes 
are derived from the decomposition of metal fluo- 
rides and chlorides. The initial substances used to 
create these media are ammonium fluoride (NH4F), 
ammonium fluoroborate (NH4BF4), potassium flu- 
oroborate (KBF4), among others. The decompo- 
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sition of these compounds occurs at elevated 
temperatures through reactions such as: 

2NH4F → N2 + 3H2 + 2HF; 

2NH4BF4 → 2NH3 + 2HF + 2HF3; 

KBF4 → KF + BF3. 

Ammonium fluoride undergoes complete de- 
composition within a temperature range of 600-
800ºC, while ammonium fluoroborate decomposes 
at temperatures ranging from 850 to 950ºC, and 
potassium fluoroborate decomposes within a range 
of 800-900ºC. 

Surface activation results from the interaction 
between these decomposed products, namely 
hydrogen fluoride and boron trifluoride: 
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The optimum efficiency of these reactions is 
observed within the temperature range of 1000-
1200ºC, facilitating the activation of surfaces, 
particularly those composed of stainless steels and 
certain heat-resistant alloys. 

The predominant method for surface activation 
in preparation for joining involves furnace heating 
of parts within an argon environment, which is 
activated by the decomposition products of the 
aforementioned substances (American Welding 
Society Committee on Brazing and Soldering, 
2007). These substances are employed in both solid 
forms, such as powder, which generates an active 
gas component upon heating, and in gaseous states. 
Common practice involves introducing powdered 
forms of ammonium fluoride, ammonium 
fluoroborate, or potassium fluoroborate into the 
argon environment, where they decompose upon 
heating and flux the surfaces of stainless or heat-
resistant alloys during joining. Enhanced outcomes 
are achieved by directly introducing activating 
substances, such as hydrogen fluoride or boron 
trifluoride, into the furnace atmosphere, thereby 

stabilizing the activation process (Yermolaiev et 
al., 2015). Both approaches yield the requisite 
degree of surface activation, yet the utilization of 
boron trifluoride proves more effective. However, 
it should be noted that the furnace heating method 
typically exhibits lower productivity levels. 

A known method of activating a gas medium is 
implemented in the KGF-3-71 gas-flux processing 
unit (Sokolov, 1988). This setup consists of a GS-3 
welding torch, an FGF-3-71 flux feeder (which 
saturates the combustible gas with vapors of the 
liquid flux BM), and an OAF-3-71 dryer that dries 
and purifies the gas. Using this equipment, boron-
menthol fluxes BM-1 and BM-2 are introduced in 
vapor form into the combustible gas, which burns 
in the torch and forms the active substance B₂O₃, 
serving as a fluxing agent. 

However, this method has several disadvan- 
tages. It involves a complex, multi-step process and 
operates within a narrow temperature range that is 
insufficient for effective activation of heat-resistant 
alloys at 1000-1200°C. 

Considering the limitations of existing methods 
for activating the working environment in solde- 
ring, welding, and related technologies, this study 
aims to develop new approaches to gas flame and 
plasma activation. These approaches should feature 
a simplified operating cycle, minimal standard equ- 
ipment and preparatory steps, and provide effec- 
tive, stable activation within the 1000-1200°C 
range, while generating gaseous reaction products 
that are easily removed from the treated surface. 

The proposed approach in the study involves 
integrating a heating source with an active gas 
medium, thereby significantly enhancing the 
productivity and quality of surface heating and 
activation processes for joining or treatment 
(Kostin & Martynenko, 2017; Kostin et al., 2018). 

This task is addressed by utilizing a universal 
gas cutter of the P1 type (serial) as a burner for 
heating the activated surface. Various combustible 
gases such as acetylene, propane-butane, methane, 
and the methylacetylene-allene fraction, along with 
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an oxidizer like oxygen, can be employed for this 
purpose (Fig. 1). Acetylene is preferred due to due 
to its high calorific value and its ability to regulate 
the activity level of the gas environment through 
the presence of free carbon, particularly when 
combined with oxygen in specific ratios. The active 
gas component, such as boron trifluoride, is 
supplied to the heating zone via a separate channel 
directly from the storage cylinder. 

This study proposes the integration of a heat 
source with an active gaseous medium, which 
enables a substantial improvement in the efficiency 
and quality of heating and surface activation 
processes of the materials being joined or treated 
(Kostin & Martynenko, 2017; Kostin et al., 2018). 

 

 
Fig. 1. Schematic diagram of a burner with an active gas 
medium.  

 
The concentration of the active gaseous subs- 

tance in the heating zone is subject to considerable 
variation across a broad spectrum, contingent upon 
the type of activator and the metal undergoing 
activation. This concentration is directly regulated 
by the reducer. The primary criterion in this context 
is the condition of the activated surface and the 
existence of solid residues resulting from the intera- 
ction between the gaseous medium and the surface. 

At operational temperatures, boron trifluoride 
engages in reactions with metal oxides, a process 
exemplified by its interaction with chromium 
oxide: 

Cr2O3 + 3BF3 = 2CrF3 + (BOF)3 

Under these circumstances, gaseous boron 
fluoride can be readily expelled. 

However, if there is an inadequate quantity of 
boron trifluoride present in the interaction zone, the 
reaction proceeds as follows: 

Cr2O3 + 2BF3 = 2CrF3 + B2O3  

In such instances, the accumulation of solid 
B2O3 and CrF3 residues intensifies, resulting in the 
formation of a relatively low-melting slag. This 
slag's quantity can be easily monitored visually, as 
it increases significantly. 

In this scenario, there is a notable increase in the 
quantity of solid B2O3 and CrF3 residues, forming a 
relatively low-melting slag, the amount of which 
can be easily visually monitored. 

The proposed process scheme offers an effec- 
tive method for activating an acetylene-oxygen 
flame by directly introducing boron trifluoride in 
gaseous form (Kostin & Martynenko, 2017). 

Similarly, a plasma flow can be activated to 
enhance its reactivity, enabling efficient and stable 
surface activation of heat-resistant alloys within a 
temperature range of 1000–1200°C. This process 
results in the formation of gaseous reaction pro- 
ducts that can be easily removed from the treated 
surface. 

For instance, plasma generated from a water-
alcohol mixture is commonly used. During the 
ionization of water, two volumes of hydrogen ions 
and one volume of oxygen ions are produced. 
These ions have a detrimental effect and do not 
ensure effective activation of treated surfaces, 
particularly those made of heat-resistant alloys in 
the range of 1000-1200°C. 

The problem of plasma flow activation can be 
addressed by using a universal plasma torch – such 
as the one incorporated in the Multiplaza 
installation – as a heating source for the surface to 
be treated (Fig. 2). Technical-grade kerosene 
(TU38.201-58-8) serves as the base of the working 
solution, in which an active component, such as 
boron trifluoride, is dissolved in the form of boron 
trifluoride etherate (TU 6-09-804-77). 

The volume fraction of the active substance 
may vary widely depending on the type of activator 
and the metal being treated. In this case, an 
important criterion is also the condition of the 
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treated surface and the presence (or absence) of 
solid residues resulting from the interaction 
between the plasma gas medium and the surface. 

 

 
Fig. 2. Schematic diagram of a plasma burner with an 
active gas medium. 

 
Thus, the method of plasma flow activation 

utilizing technical kerosene involves the direct 
addition of boron trifluoride in the form of boron 
trifluoride etherate to the working solution (Kostin 
et al., 2018). 

It is crucial to emphasize the importance of stri- 
ctly adhering to safety regulations when handling 
boron trifluoride (Regulation (EU) No. 1907/2006 
of June 18, 2017). This regulation outlines specific 
safety protocols and guidelines that must be 
followed to ensure the safe handling and use of 
boron trifluoride in industrial applications. 

The effectiveness of surface activation was 
evaluated through testing, wherein a wear-resistant 
composition KBNHL-2, characterized by a melting 
point of approximately 1070ºC, was deposited onto 
a plate composed of the heat-resistant nickel alloy 
VZh-98, containing up to 26% chromium by mass. 
Additionally, for comparison purposes, surfacing 
using an acetylene-oxygen flame was conducted 

without the inclusion of boron trifluoride. The 
chemical compositions of both the VZh-98 alloy 
and the wear-resistant composition KBNHL-2 are 
detailed in Table. 

Analysis of the test results showed that the use 
of an acetylene flame alone yielded negative 
outcomes. The wetting angles between the VZh-98 
alloy and the KBNHL-2 composition ranged from 
45º to 60º (see Fig. 3a), and the surface exhibited a 
heavily oxidized appearance. This indicates poor 
adhesion and an unsatisfactory result. 

However, when the KBNHL-2 alloy was app- 
lied to a VZh-98 alloy plate using an acetylene-
oxygen flame activated by the addition of boron 
trifluoride gas, a positive outcome was achieved. 
The treated surface had a silvery appearance, 
indicating effective oxide removal (see Fig. 3b). 
The wetting angles between the VZh-98 alloy and 
the KBNHL-2 composition fell within the acce- 
ptable range of 10º-20º and could be easily 
controlled through visual temperature monitoring, 
confirming the effectiveness of this surface 
activation method. 

A similarly positive result was observed when 
welding the KBNHL-2 alloy onto the VZh-98 
alloy using a plasma flow based on technical-
grade kerosene, activated by the addition of bo- 
ron trifluoride etherate. The surface exposed to  
the active plasma medium also exhibited a sil- 
very appearance, indicating successful oxide 
removal. The contact angles remained within the 
permissible range of 10-20 degrees and were 
likewise easily regulated through visual 
temperature control, thereby confirming the 
achievement of the desired technical outcome 
when activating the plasma flow with boron 
trifluoride etherate (Kostin et al., 2018). 

 

Table. Chemical composition of VZh-98 and KBNHL-2 alloys 

Alloy Ni C Si Ti Cr Fe CrB2 Cr3C2 Mn W Co B 

VZh-98 base ≤0.1 ≤0.8 0.3-0.7 23.5-26.0 ≤0.4 - - ≤0.5 13.0-18.0 - - 

KBNHL-2 35.5-36.5 - - - 24.5-25.5 - 2.5-3.5 11.5-12.5 - - 20.5-21.5 2.9-3.1 
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Fig. 3. Macrostructure of the interaction zone between 
the KBNHL-2 alloy and the VZh-98 alloy during welding 
with an acetylene-oxygen flame: (a) without the addition 
of boron trifluoride gas, and (b) with the addition of 
boron trifluoride gas. 

 
Thus, in both cases, a positive result is achieved 

due to the activation of the heating sources – 
namely, the acetylene-oxygen flame and the plasma 

based on a solution of technical-grade kerosene – 
by boron trifluoride gas or boron trifluoride ethe- 
rate. This ensures effective and stable activation of 
the surfaces of heat-resistant alloys within the 
temperature range of 1000-1200°C, with the 
formation of gaseous reaction products that are 
easily removed. This outcome is considered both 
acceptable and sufficient. 

The proposed methods for activating the gase- 
ous environment can be applied to metal proce- 
ssing, including melting, soldering, or heating in 
welding and related manufacturing processes. 

 
Conclusion 

Activation of a gas flame based on combustible 
gases can be achieved through the direct addition of 
boron trifluoride gas, which significantly enhances 
the efficiency and quality of the heating and surface 
activation processes for joined or treated materials. 

Activation of a plasma flow based on technical-
grade kerosene is accomplished by directly adding 
boron trifluoride etherate to the working solution. 
This ensures effective and stable surface activation 
due to the formation of gaseous reaction products 
that are easily removed from the treated surface. 

The proposed gas environment activation mo- 
dels provide effective and stable surface activation 
of heat-resistant and high-temperature alloys within 
the temperature range of 1000-1200°C.
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მასალათმცოდნეობა 

აქტიური გაზური გარემო შედუღებისა და მომიჯნავე 
პროცესებისთვის 

ოლექსანდრ კოსტინი*, ანდრი ლაბარტყავა**, ტარას შაბლი*,  
ვოლოდიმირ მარტინენკო§ 

* ადმირალ მაკაროვის სახ. გემთმშენებლობის ეროვნული უნივერსიტეტი, საშემდუღებლო 
დეპარტამენტი, მიკოლაივი, უკრაინა 
** ბათუმის ნავიგაციის სასწავლო უნივერსიტეტი, ბათუმი, საქართველო 
§ მიკოლაივის ეროვნული აგრარული უნივერსიტეტი, ელექტრომექანიკის დეპარტამენტი, 
მიკოლაივი, უკრაინა 

(წარმოდგენილია აკადემიის წევრის თამაზ შილაკაძის მიერ) 

ნაშრომში წარმოდგენილია ჟანგბადში საწვავი გაზების წვისას ან ტექნიკური ნავთის ბაზაზე 
არსებულ პლაზმურ ნაკადში ფორმირებული აირადი გარემოს გააქტიურების მეთოდები. 
აქტიური გაზური კომპონენტი, რომელიც არის ბორის ტრიფტორიდი ნავთის ან ბორის ტრიფ- 
ტორიდის ეთერატის სახით, უშუალოდ შეჰყავთ სამუშაო გარემოში. გაზურ და პლაზმურ ნაკა- 
დებთან კონტაქტში მყოფი ზედაპირების გააქტიურება მიმდინარეობს ბორის ტრიფტო- 
რიდისა და ლითონის ზედაპირული ოქსიდების ურთიერთქმედების შედეგად, იოლად მოცი- 
ლებადი ადვილადდნობადი ან გაზური წიდის წარმოქმნით. მარტივი სამუშაო ციკლი, სტან- 
დარტული აღჭურვილობისა და მოსამზადებელი ოპერაციების მინიმალური რაოდენობა 
უზრუნველყოფს მხურვალმედეგი შენადნობების ზედაპირების ეფექტურ და სტაბილურ გააქ- 
ტიურებას 1000-1200°C ტემპერატურულ დიაპაზონში. ურთიერთქმედების პროცესების კვლე- 
ვის საფუძველზე მხურვალმედეგ ნიკელის შენადნობ VZh-98-ზე (ქრომის მასური შემცვე- 
ლობით 26%-მდე) ცვეთამედეგი კომპოზიცია KBNHL-2-ის ზედაპირული გადადნობისას ნაჩ- 
ვენებია, რომ აქტივატორის გამოყენება მნიშვნელოვნად ზრდის ზედაპირის ადჰეზიურ აქტი- 
ვობას. დასველების კიდური კუთხეები იმყოფება მისაღებ 10-20° ფარგლებში და იოლად 
რეგულირდება ტემპერატურის ვიზუალური კონტროლის მეშვეობით. გაზური გარემოს გააქ- 
ტიურების შეთავაზებული მოდელი შეიძლება გამოიყენებოდეს ლითონების დამუშავების, 
მათი დნობის, რჩილვის ან გაცხელების პროცესებში შედუღების წარმოებასა და მომიჯნავე 
ტექნოლოგიებში. 
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	Abstract. The methods of activation of the gas environment, which is formed during the combustion of combustible gases in oxygen or formed in a plasma flow based on technical kerosene, are presented. The active gas component, which is boron trifluoride in the form of kerosene or boron trifluoride etherate, is added directly to the working environment. Activation of surfaces in contact with gas and plasma flows occurs due to the interaction of boron trifluoride with surface metal oxides, forming a fusible or gaseous slag that is easily removed from the surface. A simple work cycle, a minimum of standard equipment and preparatory operations, ensure effective, stable activation of the surfaces of heat-resistant alloys in the temperature range of 1000-1200ºС. On the basis of studies of interaction processes, when surfacing the wear-resistant composition KBNHL-2 on the heat-resistant nickel alloy VZh-98 with a chromium content of up to 26% by weight, it is shown that the use of an activator significantly improves the adhesion activity of the surface. The wetting angles are within acceptable limits of 10-20º and can be easily adjustable due to visual temperature control. The proposed model of gas medium activation can be used for processing metals, their melting, soldering or heating in welding production and related processes. © 2026 Bull. Natl. Acad. Sci. Georg.
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	Introduction
	The employment of active gaseous substances for the activation of surfaces prior to joining is well-established in soldering, welding, and associated fields. Fluxes – which can exist in solid, liquid, or gaseous – are employed to activate these gaseous media (Yermolaiev et al., 2015).
	Gaseous fluxes serve both as standalone subs-tances and as activating agents in conjunction with neutral or reducing media. Active gaseous fluxes are derived from the decomposition of metal fluo-rides and chlorides. The initial substances used to create these media are ammonium fluoride (NH4F), ammonium fluoroborate (NH4BF4), potassium flu-oroborate (KBF4), among others. The decompo-sition of these compounds occurs at elevated temperatures through reactions such as:
	2NH4F→N2+3H2+2HF;
	2NH4BF4→2NH3+2HF+2HF3;
	KBF4→KF+BF3.
	Ammonium fluoride undergoes complete de-composition within a temperature range of 600-800ºC, while ammonium fluoroborate decomposes at temperatures ranging from 850 to 950ºC, and potassium fluoroborate decomposes within a range of 800-900ºC.
	Surface activation results from the interaction between these decomposed products, namely hydrogen fluoride and boron trifluoride:
	1mMenOm+2HF=nmMeF2mn+H2O
	3mMenOm+2BF3=3nmMeF2mn+B2O3
	The optimum efficiency of these reactions is observed within the temperature range of 1000-1200ºC, facilitating the activation of surfaces, particularly those composed of stainless steels and certain heat-resistant alloys.
	The predominant method for surface activation in preparation for joining involves furnace heating of parts within an argon environment, which is activated by the decomposition products of the aforementioned substances (American Welding Society Committee on Brazing and Soldering, 2007). These substances are employed in both solid forms, such as powder, which generates an active gas component upon heating, and in gaseous states. Common practice involves introducing powdered forms of ammonium fluoride, ammonium fluoroborate, or potassium fluoroborate into the argon environment, where they decompose upon heating and flux the surfaces of stainless or heat-resistant alloys during joining. Enhanced outcomes are achieved by directly introducing activating substances, such as hydrogen fluoride or boron trifluoride, into the furnace atmosphere, thereby stabilizing the activation process (Yermolaiev et al., 2015). Both approaches yield the requisite degree of surface activation, yet the utilization of boron trifluoride proves more effective. However, it should be noted that the furnace heating method typically exhibits lower productivity levels.
	A known method of activating a gas medium is implemented in the KGF-3-71 gas-flux processing unit (Sokolov, 1988). This setup consists of a GS-3 welding torch, an FGF-3-71 flux feeder (which saturates the combustible gas with vapors of the liquid flux BM), and an OAF-3-71 dryer that dries and purifies the gas. Using this equipment, boron-menthol fluxes BM-1 and BM-2 are introduced in vapor form into the combustible gas, which burns in the torch and forms the active substance B₂O₃, serving as a fluxing agent.
	However, this method has several disadvan-tages. It involves a complex, multi-step process and operates within a narrow temperature range that is insufficient for effective activation of heat-resistant alloys at 1000-1200°C.
	Considering the limitations of existing methods for activating the working environment in solde-ring, welding, and related technologies, this study aims to develop new approaches to gas flame and plasma activation. These approaches should feature a simplified operating cycle, minimal standard equ-ipment and preparatory steps, and provide effec-tive, stable activation within the 1000-1200°C range, while generating gaseous reaction products that are easily removed from the treated surface.
	The proposed approach in the study involves integrating a heating source with an active gas medium, thereby significantly enhancing the productivity and quality of surface heating and activation processes for joining or treatment (Kostin & Martynenko, 2017; Kostin et al., 2018).
	This task is addressed by utilizing a universal gas cutter of the P1 type (serial) as a burner for heating the activated surface. Various combustible gases such as acetylene, propane-butane, methane, and the methylacetylene-allene fraction, along with an oxidizer like oxygen, can be employed for this purpose (Fig. 1). Acetylene is preferred due to due to its high calorific value and its ability to regulate the activity level of the gas environment through the presence of free carbon, particularly when combined with oxygen in specific ratios. The active gas component, such as boron trifluoride, is supplied to the heating zone via a separate channel directly from the storage cylinder.
	This study proposes the integration of a heat source with an active gaseous medium, which enables a substantial improvement in the efficiency and quality of heating and surface activation processes of the materials being joined or treated (Kostin & Martynenko, 2017; Kostin et al., 2018).
	/
	Fig. 1. Schematic diagram of a burner with an active gas medium. 
	The concentration of the active gaseous subs-tance in the heating zone is subject to considerable variation across a broad spectrum, contingent upon the type of activator and the metal undergoing activation. This concentration is directly regulated by the reducer. The primary criterion in this context is the condition of the activated surface and the existence of solid residues resulting from the intera-ction between the gaseous medium and the surface.
	At operational temperatures, boron trifluoride engages in reactions with metal oxides, a process exemplified by its interaction with chromium oxide:
	Cr2O3+3BF3=2CrF3+BOF3
	Under these circumstances, gaseous boron fluoride can be readily expelled.
	However, if there is an inadequate quantity of boron trifluoride present in the interaction zone, the reaction proceeds as follows:
	Cr2O3+2BF3=2CrF3+B2O3
	In such instances, the accumulation of solid B2O3 and CrF3 residues intensifies, resulting in the formation of a relatively low-melting slag. This slag's quantity can be easily monitored visually, as it increases significantly.
	In this scenario, there is a notable increase in the quantity of solid B2O3 and CrF3 residues, forming a relatively low-melting slag, the amount of which can be easily visually monitored.
	The proposed process scheme offers an effec-tive method for activating an acetylene-oxygen flame by directly introducing boron trifluoride in gaseous form (Kostin & Martynenko, 2017).
	Similarly, a plasma flow can be activated to enhance its reactivity, enabling efficient and stable surface activation of heat-resistant alloys within a temperature range of 1000–1200°C. This process results in the formation of gaseous reaction pro-ducts that can be easily removed from the treated surface.
	For instance, plasma generated from a water-alcohol mixture is commonly used. During the ionization of water, two volumes of hydrogen ions and one volume of oxygen ions are produced. These ions have a detrimental effect and do not ensure effective activation of treated surfaces, particularly those made of heat-resistant alloys in the range of 1000-1200°C.
	The problem of plasma flow activation can be addressed by using a universal plasma torch – such as the one incorporated in the Multiplaza installation – as a heating source for the surface to be treated (Fig. 2). Technical-grade kerosene (TU38.201-58-8) serves as the base of the working solution, in which an active component, such as boron trifluoride, is dissolved in the form of boron trifluoride etherate (TU 6-09-804-77).
	The volume fraction of the active substance may vary widely depending on the type of activator and the metal being treated. In this case, an important criterion is also the condition of the treated surface and the presence (or absence) of solid residues resulting from the interaction between the plasma gas medium and the surface.
	/
	Fig. 2. Schematic diagram of a plasma burner with an active gas medium.
	Thus, the method of plasma flow activation utilizing technical kerosene involves the direct addition of boron trifluoride in the form of boron trifluoride etherate to the working solution (Kostin et al., 2018).
	It is crucial to emphasize the importance of stri-ctly adhering to safety regulations when handling boron trifluoride (Regulation (EU) No. 1907/2006 of June 18, 2017). This regulation outlines specific safety protocols and guidelines that must be followed to ensure the safe handling and use of boron trifluoride in industrial applications.
	The effectiveness of surface activation was evaluated through testing, wherein a wear-resistant composition KBNHL-2, characterized by a melting point of approximately 1070ºC, was deposited onto a plate composed of the heat-resistant nickel alloy VZh-98, containing up to 26% chromium by mass. Additionally, for comparison purposes, surfacing using an acetylene-oxygen flame was conducted without the inclusion of boron trifluoride. The chemical compositions of both the VZh-98 alloy and the wear-resistant composition KBNHL-2 are detailed in Table.
	Analysis of the test results showed that the use of an acetylene flame alone yielded negative outcomes. The wetting angles between the VZh-98 alloy and the KBNHL-2 composition ranged from 45º to 60º (see Fig. 3a), and the surface exhibited a heavily oxidized appearance. This indicates poor adhesion and an unsatisfactory result.
	However, when the KBNHL-2 alloy was app-lied to a VZh-98 alloy plate using an acetylene-oxygen flame activated by the addition of boron trifluoride gas, a positive outcome was achieved. The treated surface had a silvery appearance, indicating effective oxide removal (see Fig. 3b). The wetting angles between the VZh-98 alloy and the KBNHL-2 composition fell within the acce-ptable range of 10º-20º and could be easily controlled through visual temperature monitoring, confirming the effectiveness of this surface activation method.
	A similarly positive result was observed when welding the KBNHL-2 alloy onto the VZh-98 alloy using a plasma flow based on technical-grade kerosene, activated by the addition of bo-ron trifluoride etherate. The surface exposed to the active plasma medium also exhibited a sil-very appearance, indicating successful oxide removal. The contact angles remained within the permissible range of 10-20 degrees and were likewise easily regulated through visual temperature control, thereby confirming the achievement of the desired technical outcome when activating the plasma flow with boron trifluoride etherate (Kostin et al., 2018).
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	Fig. 3. Macrostructure of the interaction zone between the KBNHL-2 alloy and the VZh-98 alloy during welding with an acetylene-oxygen flame: (a) without the addition of boron trifluoride gas, and (b) with the addition of boron trifluoride gas.
	Thus, in both cases, a positive result is achieved due to the activation of the heating sources – namely, the acetylene-oxygen flame and the plasma based on a solution of technical-grade kerosene – by boron trifluoride gas or boron trifluoride ethe-rate. This ensures effective and stable activation of the surfaces of heat-resistant alloys within the temperature range of 1000-1200°C, with the formation of gaseous reaction products that are easily removed. This outcome is considered both acceptable and sufficient.
	The proposed methods for activating the gase-ous environment can be applied to metal proce-ssing, including melting, soldering, or heating in welding and related manufacturing processes.
	Conclusion
	Activation of a gas flame based on combustible gases can be achieved through the direct addition of boron trifluoride gas, which significantly enhances the efficiency and quality of the heating and surface activation processes for joined or treated materials.
	Activation of a plasma flow based on technical-grade kerosene is accomplished by directly adding boron trifluoride etherate to the working solution. This ensures effective and stable surface activation due to the formation of gaseous reaction products that are easily removed from the treated surface.
	The proposed gas environment activation mo-dels provide effective and stable surface activation of heat-resistant and high-temperature alloys within the temperature range of 1000-1200°C.
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Introduction

The employment of active gaseous substances for the activation of surfaces prior to joining is well-established in soldering, welding, and associated fields. Fluxes – which can exist in solid, liquid, or gaseous – are employed to activate these gaseous media (Yermolaiev et al., 2015).

Gaseous fluxes serve both as standalone subs-
tances and as activating agents in conjunction with neutral or reducing media. Active gaseous fluxes are derived from the decomposition of metal fluo-
rides and chlorides. The initial substances used to create these media are ammonium fluoride (NH4F), ammonium fluoroborate (NH4BF4), potassium flu-
oroborate (KBF4), among others. The decompo-
sition of these compounds occurs at elevated temperatures through reactions such as:

;

;

.

Ammonium fluoride undergoes complete de-
composition within a temperature range of 600-800ºC, while ammonium fluoroborate decomposes at temperatures ranging from 850 to 950ºC, and potassium fluoroborate decomposes within a range of 800-900ºC.

Surface activation results from the interaction between these decomposed products, namely hydrogen fluoride and boron trifluoride:





The optimum efficiency of these reactions is observed within the temperature range of 1000-1200ºC, facilitating the activation of surfaces, particularly those composed of stainless steels and certain heat-resistant alloys.

The predominant method for surface activation in preparation for joining involves furnace heating of parts within an argon environment, which is activated by the decomposition products of the aforementioned substances (American Welding Society Committee on Brazing and Soldering, 2007). These substances are employed in both solid forms, such as powder, which generates an active gas component upon heating, and in gaseous states. Common practice involves introducing powdered forms of ammonium fluoride, ammonium fluoroborate, or potassium fluoroborate into the argon environment, where they decompose upon heating and flux the surfaces of stainless or heat-resistant alloys during joining. Enhanced outcomes are achieved by directly introducing activating substances, such as hydrogen fluoride or boron trifluoride, into the furnace atmosphere, thereby stabilizing the activation process (Yermolaiev et al., 2015). Both approaches yield the requisite degree of surface activation, yet the utilization of boron trifluoride proves more effective. However, it should be noted that the furnace heating method typically exhibits lower productivity levels.

A known method of activating a gas medium is implemented in the KGF-3-71 gas-flux processing unit (Sokolov, 1988). This setup consists of a GS-3 welding torch, an FGF-3-71 flux feeder (which saturates the combustible gas with vapors of the liquid flux BM), and an OAF-3-71 dryer that dries and purifies the gas. Using this equipment, boron-menthol fluxes BM-1 and BM-2 are introduced in vapor form into the combustible gas, which burns in the torch and forms the active substance B₂O₃, serving as a fluxing agent.

However, this method has several disadvan-
tages. It involves a complex, multi-step process and operates within a narrow temperature range that is insufficient for effective activation of heat-resistant alloys at 1000-1200°C.

Considering the limitations of existing methods for activating the working environment in solde-
ring, welding, and related technologies, this study aims to develop new approaches to gas flame and plasma activation. These approaches should feature a simplified operating cycle, minimal standard equ-
ipment and preparatory steps, and provide effec-
tive, stable activation within the 1000-1200°C range, while generating gaseous reaction products that are easily removed from the treated surface.

The proposed approach in the study involves integrating a heating source with an active gas medium, thereby significantly enhancing the productivity and quality of surface heating and activation processes for joining or treatment (Kostin & Martynenko, 2017; Kostin et al., 2018).

This task is addressed by utilizing a universal gas cutter of the P1 type (serial) as a burner for heating the activated surface. Various combustible gases such as acetylene, propane-butane, methane, and the methylacetylene-allene fraction, along with an oxidizer like oxygen, can be employed for this purpose (Fig. 1). Acetylene is preferred due to due to its high calorific value and its ability to regulate the activity level of the gas environment through the presence of free carbon, particularly when combined with oxygen in specific ratios. The active gas component, such as boron trifluoride, is supplied to the heating zone via a separate channel directly from the storage cylinder.

This study proposes the integration of a heat source with an active gaseous medium, which enables a substantial improvement in the efficiency and quality of heating and surface activation processes of the materials being joined or treated (Kostin & Martynenko, 2017; Kostin et al., 2018).
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Fig. 1. Schematic diagram of a burner with an active gas medium. 



The concentration of the active gaseous subs-
tance in the heating zone is subject to considerable variation across a broad spectrum, contingent upon the type of activator and the metal undergoing activation. This concentration is directly regulated by the reducer. The primary criterion in this context is the condition of the activated surface and the existence of solid residues resulting from the intera-
ction between the gaseous medium and the surface.

At operational temperatures, boron trifluoride engages in reactions with metal oxides, a process exemplified by its interaction with chromium oxide:



Under these circumstances, gaseous boron fluoride can be readily expelled.

However, if there is an inadequate quantity of boron trifluoride present in the interaction zone, the reaction proceeds as follows:



In such instances, the accumulation of solid B2O3 and CrF3 residues intensifies, resulting in the formation of a relatively low-melting slag. This slag's quantity can be easily monitored visually, as it increases significantly.

In this scenario, there is a notable increase in the quantity of solid B2O3 and CrF3 residues, forming a relatively low-melting slag, the amount of which can be easily visually monitored.

The proposed process scheme offers an effec-
tive method for activating an acetylene-oxygen flame by directly introducing boron trifluoride in gaseous form (Kostin & Martynenko, 2017).

Similarly, a plasma flow can be activated to enhance its reactivity, enabling efficient and stable surface activation of heat-resistant alloys within a temperature range of 1000–1200°C. This process results in the formation of gaseous reaction pro-
ducts that can be easily removed from the treated surface.

For instance, plasma generated from a water-alcohol mixture is commonly used. During the ionization of water, two volumes of hydrogen ions and one volume of oxygen ions are produced. These ions have a detrimental effect and do not ensure effective activation of treated surfaces, particularly those made of heat-resistant alloys in the range of 1000-1200°C.

The problem of plasma flow activation can be addressed by using a universal plasma torch – such as the one incorporated in the Multiplaza installation – as a heating source for the surface to be treated (Fig. 2). Technical-grade kerosene (TU38.201-58-8) serves as the base of the working solution, in which an active component, such as boron trifluoride, is dissolved in the form of boron trifluoride etherate (TU 6-09-804-77).

The volume fraction of the active substance may vary widely depending on the type of activator and the metal being treated. In this case, an important criterion is also the condition of the treated surface and the presence (or absence) of solid residues resulting from the interaction between the plasma gas medium and the surface.



[image: ]

Fig. 2. Schematic diagram of a plasma burner with an active gas medium.



Thus, the method of plasma flow activation utilizing technical kerosene involves the direct addition of boron trifluoride in the form of boron trifluoride etherate to the working solution (Kostin et al., 2018).

It is crucial to emphasize the importance of stri-
ctly adhering to safety regulations when handling boron trifluoride (Regulation (EU) No. 1907/2006 of June 18, 2017). This regulation outlines specific safety protocols and guidelines that must be followed to ensure the safe handling and use of boron trifluoride in industrial applications.

The effectiveness of surface activation was evaluated through testing, wherein a wear-resistant composition KBNHL-2, characterized by a melting point of approximately 1070ºC, was deposited onto a plate composed of the heat-resistant nickel alloy VZh-98, containing up to 26% chromium by mass. Additionally, for comparison purposes, surfacing using an acetylene-oxygen flame was conducted without the inclusion of boron trifluoride. The chemical compositions of both the VZh-98 alloy and the wear-resistant composition KBNHL-2 are detailed in Table.Table. Chemical composition of VZh-98 and KBNHL-2 alloys

Alloy

Ni

C

Si

Ti

Cr

Fe

CrB2

Cr3C2

Mn

W

Co

B

VZh-98

base

≤0.1

≤0.8

0.3-0.7

23.5-26.0

≤0.4

-

-

≤0.5

13.0-18.0

-

-

KBNHL-2

35.5-36.5

-

-

-

24.5-25.5

-

2.5-3.5

11.5-12.5

-

-

20.5-21.5

2.9-3.1





Analysis of the test results showed that the use of an acetylene flame alone yielded negative outcomes. The wetting angles between the VZh-98 alloy and the KBNHL-2 composition ranged from 45º to 60º (see Fig. 3a), and the surface exhibited a heavily oxidized appearance. This indicates poor adhesion and an unsatisfactory result.

However, when the KBNHL-2 alloy was app-
lied to a VZh-98 alloy plate using an acetylene-oxygen flame activated by the addition of boron trifluoride gas, a positive outcome was achieved. The treated surface had a silvery appearance, indicating effective oxide removal (see Fig. 3b). The wetting angles between the VZh-98 alloy and the KBNHL-2 composition fell within the acce-
ptable range of 10º-20º and could be easily controlled through visual temperature monitoring, confirming the effectiveness of this surface activation method.

A similarly positive result was observed when welding the KBNHL-2 alloy onto the VZh-98 alloy using a plasma flow based on technical-grade kerosene, activated by the addition of bo-
ron trifluoride etherate. The surface exposed to 
the active plasma medium also exhibited a sil-
very appearance, indicating successful oxide removal. The contact angles remained within the permissible range of 10-20 degrees and were likewise easily regulated through visual temperature control, thereby confirming the achievement of the desired technical outcome when activating the plasma flow with boron trifluoride etherate (Kostin et al., 2018).
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Fig. 3. Macrostructure of the interaction zone between the KBNHL-2 alloy and the VZh-98 alloy during welding with an acetylene-oxygen flame: (a) without the addition of boron trifluoride gas, and (b) with the addition of boron trifluoride gas.



Thus, in both cases, a positive result is achieved due to the activation of the heating sources – namely, the acetylene-oxygen flame and the plasma based on a solution of technical-grade kerosene – by boron trifluoride gas or boron trifluoride ethe-
rate. This ensures effective and stable activation of the surfaces of heat-resistant alloys within the temperature range of 1000-1200°C, with the formation of gaseous reaction products that are easily removed. This outcome is considered both acceptable and sufficient.

The proposed methods for activating the gase-
ous environment can be applied to metal proce-
ssing, including melting, soldering, or heating in welding and related manufacturing processes.



Conclusion

Activation of a gas flame based on combustible gases can be achieved through the direct addition of boron trifluoride gas, which significantly enhances the efficiency and quality of the heating and surface activation processes for joined or treated materials.

Activation of a plasma flow based on technical-grade kerosene is accomplished by directly adding boron trifluoride etherate to the working solution. This ensures effective and stable surface activation due to the formation of gaseous reaction products that are easily removed from the treated surface.

saqarTvelos mecnierebaTa erovnuli akademiis moambe, t. 19(193), #3, 2025

BULLETIN OF THE GEORGIAN NATIONAL ACADEMY OF SCIENCES, vol. 19(193), no. 3, 2025

44	Oleksandr Kostin, Andriy Labartkava, Taras Shablii …

Active Gas Environment for Welding and Related Processes	43

The proposed gas environment activation mo-
dels provide effective and stable surface activation of heat-resistant and high-temperature alloys within the temperature range of 1000-1200°C.
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მასალათმცოდნეობა

აქტიური გაზური გარემო შედუღებისა და მომიჯნავე პროცესებისთვის

ოლექსანდრ კოსტინი*, ანდრი ლაბარტყავა**, ტარას შაბლი*, 
ვოლოდიმირ მარტინენკო§

* ადმირალ მაკაროვის სახ. გემთმშენებლობის ეროვნული უნივერსიტეტი, საშემდუღებლო დეპარტამენტი, მიკოლაივი, უკრაინა

** ბათუმის ნავიგაციის სასწავლო უნივერსიტეტი, ბათუმი, საქართველო

§ მიკოლაივის ეროვნული აგრარული უნივერსიტეტი, ელექტრომექანიკის დეპარტამენტი, მიკოლაივი, უკრაინა

(წარმოდგენილია აკადემიის წევრის თამაზ შილაკაძის მიერ)

ნაშრომში წარმოდგენილია ჟანგბადში საწვავი გაზების წვისას ან ტექნიკური ნავთის ბაზაზე არსებულ პლაზმურ ნაკადში ფორმირებული აირადი გარემოს გააქტიურების მეთოდები. აქტიური გაზური კომპონენტი, რომელიც არის ბორის ტრიფტორიდი ნავთის ან ბორის ტრიფ-
ტორიდის ეთერატის სახით, უშუალოდ შეჰყავთ სამუშაო გარემოში. გაზურ და პლაზმურ ნაკა-
დებთან კონტაქტში მყოფი ზედაპირების გააქტიურება მიმდინარეობს ბორის ტრიფტო-
რიდისა და ლითონის ზედაპირული ოქსიდების ურთიერთქმედების შედეგად, იოლად მოცი-
ლებადი ადვილადდნობადი ან გაზური წიდის წარმოქმნით. მარტივი სამუშაო ციკლი, სტან-
დარტული აღჭურვილობისა და მოსამზადებელი ოპერაციების მინიმალური რაოდენობა უზრუნველყოფს მხურვალმედეგი შენადნობების ზედაპირების ეფექტურ და სტაბილურ გააქ-
ტიურებას 1000-1200°C ტემპერატურულ დიაპაზონში. ურთიერთქმედების პროცესების კვლე-
ვის საფუძველზე მხურვალმედეგ ნიკელის შენადნობ VZh-98-ზე (ქრომის მასური შემცვე-
ლობით 26%-მდე) ცვეთამედეგი კომპოზიცია KBNHL-2-ის ზედაპირული გადადნობისას ნაჩ-
ვენებია, რომ აქტივატორის გამოყენება მნიშვნელოვნად ზრდის ზედაპირის ადჰეზიურ აქტი-
ვობას. დასველების კიდური კუთხეები იმყოფება მისაღებ 10-20° ფარგლებში და იოლად რეგულირდება ტემპერატურის ვიზუალური კონტროლის მეშვეობით. გაზური გარემოს გააქ-
ტიურების შეთავაზებული მოდელი შეიძლება გამოიყენებოდეს ლითონების დამუშავების, მათი დნობის, რჩილვის ან გაცხელების პროცესებში შედუღების წარმოებასა და მომიჯნავე ტექნოლოგიებში.




References

American Welding Society. (1978). Welding handbook: Welding processes, arc and gas welding and cutting, brazing and soldering (7th ed.). American Welding Society.

American Welding Society. Committee on Brazing and Soldering. (Ed.). (2007). Brazing handbook (5th ed.). American Welding Society.

Cao, Y., Farouk, N., Issakhov, A., Anqi, A. E., & Ebadi, A. G. (2022). Sensing behavior of pure and Ni-doped BC3 to chlorine trifluoride: A computational survey. Journal of Physics and Chemistry of Solids, 163, 110530. https://doi.org/10.1016/j.jpcs.2021.110530

Hudswell, F., Nairn, J. S., & Wilkinson, K. L. (2007). Corrosion experiments with gaseous boron trifluoride. Journal of Applied Chemistry, 1(8), 333-336. https://doi.org/10.1002/jctb.5010010802

Hunger, H. J., & Löbig, G. (1997). Generation of boride layers on steel and nickel alloys by plasma activation of boron trifluoride. Thin Solid Films, 310(1–2), 244-250. https://doi.org/10.1016/s0040-6090(97)09514-x

Kostin, O., & Martynenko, V. (2017). Sposib aktyvatsii hazovoho polumia [Method of activation of a gas flame] (Ukrainian Patent No. 113913). National University of Shipbuilding named after Admiral Makarov.

Kostin, O., Martynenko, V., Malyi, A., & Hladchenko, D. (2018). Adhezyonnaia aktivnost' eksperimental'nykh kobal'tovykh iznosostoikikh materialov otnositelno splava VZh 98 [Adhesion activity of experimental cobalt wear-resistant materials with respect to alloy VZh 98]. In Prohresyvna tekhnika, tekhnolohiia ta inzhenerna osvita [Progressive engineering technique, technology and education] (pp. 72-73). National Technical University of Ukraine “KPI”.

Kostin, O., Martynenko, V., Nevynskyi, O., & Ivanova, A. (2018). Sposib aktyvatsii plazmovoho potoku [Method of activation of plasma flow] (Ukrainian Patent No. 124094). National University of Shipbuilding named after Admiral Makarov.

Kumar, A., & Khandelwal, N. (2021). Boron trifluoride: Risk assessment, environmental, and health hazard. In: Hazardous Gases (pp. 33-40). Elsevier. https://doi.org/10.1016/b978-0-323-89857-7.00017-7

Makuch, N. (2020). Nanomechanical properties and fracture toughness of hard ceramic layer produced by gas boriding of Inconel 600 alloy. Transactions of Nonferrous Metals Society of China, 30(2), 428-448. https://doi.org/10.1016/s1003-6326(20)65224-4

Makuch, N., Piasecki, A., Dziarski, P., & Kulka, M. (2015). Influence of laser alloying with boron and niobium on microstructure and properties of Nimonic 80A-alloy. Optics & Laser Technology, 75, 229-239. https://doi.org/10.1016/j.optlastec.2015.07.015

Nath, G., & Kumar, S. (2018). Slurry erosion behaviour of pack boronized 13-4 martensitic stainless steel for hydro turbine blades. Materials Today: Proceedings, 5(9), 17380-17388. https://doi.org/10.1016/j.matpr.2018.04.151

Sheets, R., & Blyholder, G. (1972). Metal surface base function. Adsorption of boron trifluoride and boron trichloride. Journal of the American Chemical Society, 94(5), 1434-1438. https://doi.org/10.1021/ja00760a004

Sokolov, I. (1988). Gazovaia svarka i rezka metallov [Gas welding and cutting of metals] (3rd ed.). Vysshaya shkola.

Vargel, C. (2020). Metalloids and halides. In Corrosion of aluminium (pp. 653-657). Elsevier. https://doi.org/10.1016/b978-0-08-099925-8.00050-8.

Yermolaiev, H., Kvasnytskyi, V., Kvasnytskyi, V., Maksymova, S., Khorunov, V., & Chyharov, V. (2015). Paiannia materialiv [Brazing of materials] (V. Khorunova & V. Kvasnytskoho, Eds.). NUK.



Received March, 2026

image1.png

BF,

| E—







image2.png

<]
KR

Start button Cathode  Noyzle

anode

Moving
cathode ‘Working fluid
assembly






image3.png







image4.png








<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



