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INFLUENCE OF CHEMICAL COMPOUNDS ON THE FORMING OF
WELDING ARC

Purpose. The purpose of work is a comparative analysis of chemical compounds influence on the process of
forming arc welding and condition of its burning. Methodology. A wire with diameter 3 mm of low carbon steel
with contain of carbon 0.15% was material for electrode. As chemical compounds, which determine the terms of arc
welding forming the following compounds were used: kaolin; CaCO; with admixtures of gypsum up to 60%; SiO,

and Fe — Si with the iron concentration up to 50%. Researches were conducted using the direct electric current and
arc of reverse polarity. As a source of electric current a welding transformer of type PSO-500n was used. On the
special stand initial gap between the electrode and metal plate was 1-1.5 mm. The inter electrode space was filled
with the probed chemical compound and the electric arc was formed. At the moment of arc forming the values of
electric current and arc voltage were determined. After the natural break of electric arc, the final gap value between
electrodes was accepted as a maximal value of arc length. Findings. Experimentally the transfer of metal in inte-
relectrode space corresponded to the tiny drop mechanism. According to external signs the relation between maxi-
mal arc length and the power of electric current has the form of exponential dependence. Specific power of electric
arc at the moment of arc forming per unit of its length characterizes the environment in the interelectrode space.
Originality. 1) Based on the analysis of influence of the studied chemical compounds on the formation processes of
electric arc the inversely proportional relationship between the power of the electric current and the maximum arc
length until the moment of its natural break is defined. 2) Ratio between the maximal arc length and the power of
electric current, with the sufficiently high coefficient of correlation is submitted to the exponential dependence. In-
fluence of the compounds under study on the process of electric arc forming is determined using the indexes of de-
gree of the above mentioned correlation. 3) The value of specific power of electric current at the moment of electric
arc forming per unit of arc length can be accepted as the parameter, which characterizes the state of interelectrode
space environment. Practical value. In the conditions of identical adjusting force of electric current the sequence of
location of the studied compounds in the order of increase of their influence on the process of arcing is determined.
Minimum influence is observed from kaolin, and maximal one — from Fe — Si .
Keywords: electric arc; arc length; power of electric current; chemical compound

Introduction extent determine the peculiarities of further process
of arcing. Taking into account the array of factors,

For the technology of electric arc welding, the which according to quality indicators in different

initial conditions of electric arc forming to a large
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ways influence the conditions of electric arc igni-
tion the state of the interelectrode space environ-
ment can be attributed to one of the most important
effects [5].

On the other hand, the environment state will
become no less important at the stage of stable arc-
ing, defining the conditions of metal transfer
through the electrode space. Furthermore, the na-
ture of the molten metal transfer from the electrode
to the welding pool itself will stipulate not only the
technological characteristics of the electric arc and
energy balance, but also the stage of development
completion of metallurgical processes when form-
ing the weld connection as a whole [3, 14]. Taking
into account that the influence of interelectrode
environment on the arc ignition process is deter-
mined by the ionizing power, the location of dif-
ferent substances between electrodes will change
the initial conditions of the electric discharge form-
ing [4, 11]. On this basis, the purposeful influence
on the conditions of metal transfer at the moment
of electric discharge forming is very important for
the technologies of electric arc welding.

Current condition of the problem

The process of metal transfer through the inte-
relectrode space is to a large extent determined by
the initial conditions of the electric arc ignition.
The above mentioned metal transfer process can be
roughly divided into separate stages. The charac-
teristic conditions of change of the metal aggregate
state and its properties are inherent to these stages
[1, 6]. Thus, after formation of liquid, the growth
of its volume on the cathode surface takes place
until the separation of droplets from the surface
and transferring them to the anode.

Taking into account the dependence of the
process of droplets forming, their size and shape
on the chemical reactions behavior between the
substances filling interelectrode space, the com-
bined influence on the ionizing power of environ-
ment is difficult to predict [8, 10]. On the other
hand, the formation process of droplets can be con-
fidently considered as dependent on the ratio of the
gravitational forces influencing the fluid and force
of surface tension of the metal.

The force value of the surface tension of molten
metal or alloy is determined by the characteristics
of their internal structure, which include the type
of crystal lattice, the chemical composition of the
alloy. The temperature of the fluid heating and its
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fluidity has certain influence on the specified char-
acteristic.

Thus, for the iron the surface tension coefficient
equals to 1.22 N/m [6]. Admixtures of alloying
chemical elements to the iron lead to its change. For
example, the addition to the iron of 18% Cr, 8% Ni,
1% Ti (H18N9T) leads to a decrease of the surface
tension (o) at the level of 8-10%.

As compared to the influence of chemical com-
position of the alloy, a mixture of gases of inte-
relectrode space can also influence the level of
values o, although their influence in most cases is
qualitatively different.

Considering the formation of metal droplets of
the electrode it can be noted that the main influ-
ence is determined by the ratio between the axial
force, which arises as a result of so-called pinch
effect and the force of surface tension [4, 6]. The
growth of heating temperature of the molten metal
is accompanied by a decrease of the surface ten-
sion coefficient [6, 9].

Accounting the fact that during the first ap-
proximation the heating temperature of molten
metal is proportional to the strength of welding
voltage (/), when the growth [/, changing the in-
fluence of gravitational component reduces the
critical size of the droplet (conditions of droplet
detachment from the electrode) [6]. At the same
time the influence of electromagnetic force [2] in-
cluding its compressing effect on the molten metal
of the weld pool is increasing [2, 12]. After the
detachment of droplet from the electrode surface,
the process of its movement is starting to depend
on the joint action of electrostatic and electrody-
namic forces, reactive action of the electric dis-
charge [10].

On the basis of the presented joint influence,
the strength increase of electric current is accom-
panied by breakage of molten metal droplets,
which are transferred in the interelectrode space [6,
15]. The presented compound influence on the
process of transferring the molten metal during the
arc welding can be corrected using various chemi-
cal compounds.

Purpose

Purpose of the article is the comparative analy-
sis of the chemical compounds influence on the
process of electric arc forming and the conditions
of its burning.
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Methodology

The law carbon wire with the diameter 3 mm,
of the steel with 0.15% carbon was used as a mate-
rial for electrode. As the substances determining
the conditions of electric arc formation were used
the kaolin; CaCO; with admixtures of gypsum up
to 60%; SiO, and Fe—Si if the iron concentration
is up to 50%.

The studies were conducted with the use of
electric current of constant direction and the arc of
reverse polarity. As a source of electric current the
welding transformer of the type PSO-500 was
used. On the special stand the initial gap between
the electrode and metal plate was 1-1.5 mm. Inte-
relectrode space was filled with the studied sub-
stance and the electrical discharge was formed.

At the moment of the electric arc ignition the
values of electric current and arc voltage were de-
termined. After natural break of electric arc the
final size of the space between electrodes is taken
as the maximum arc length.

Findings

Except the dependency of metal heating tem-
perature on the electric current force [7, 10] the
formation process of molten metal droplets is de-
termined by the joint action of several factors. First
of all, the existence of inverse proportion between
the heating temperature and the force of metal sur-
face tension shows that the growth / would en-
hance the fluidity of liquid.

At the same time the rise of electrodynamic in-
fluence on the process of droplets formation is ob-
served. The joint influence of the mentioned fac-
tors leads to increase in the dispersion degree of
molten metal droplets [6].

The process of transferring the molten metal
through interelectrode space can be decomposed
into successive stages: detachment of the formed
droplet from the surface of one electrode and its
transferring to another one. Thus, the size of drop-
lets that are detached from the electrode surface
will decrease proportionally to the increase of 1. At
the same time the number of droplets that are being
transferred through the space between the elec-
trodes per time unit will increase.

When the electric current force is so that the
droplets form a continuous chain it is considered
reaching the critical conditions that determine the
qualitative changes in the nature of metal transfer
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(from the drop to the spray one). Thus, the defini-
tion of metal transfer mechanism is of practical
importance to assess the influence of the studied
substances on the process of electric discharge
forming.

The critical value of electric current (/,) meets

the conditions when the diameter of molten metal
column reaches about 0.7 of the electrode diameter
[6]. On this basis, the value /. is estimated by the

ratio:

I,=kod, (1)

where k£ and o — are the coefficients of propor-
tionality and surface tension of the metal respec-
tively, d — is the electrode diameter.
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Fig. 1. Influence of kaolin — (a), SiO, —(b), Fe—Si —
(c) and CaCO, —(d) on the ratio between the arc length
and the electric current power

Uncertainty of the values & and o can be re-
moved using the known experimental data. So, the
surface tension force for iron is 1.22 n/m, and
when increasing the content of alloying elements it
decreases, reaching the grade for complex alloyed
steel KH18NOIT for example 1.1 n/m [6]. Substitut-
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ing in to (1) o = 1.1 n/m, for different electrode
diameters: 1-3 mm and the corresponding values of
I, (190-350 A), obtained from the full-scale inves-

tigations (according to detachment of molten metal
droplets from the electrode surface) for steel
KH18NOT the value & was 18.1-18.8 A/dyne””.
Taking into account the change range of ¢ for
low-carbon steel can be taken ¢ = 1.2 n/m and
k =18.5 A/ dyne™. According to ratio (1) it has
been determined that for low-carbon steel of electro-
de with d =3 mm, /. should be equal 375-380 A.

Comparing with the installation current 200 A it
should be assumed that upon the experimental
conditions the metal transfer in the interelectrode
space corresponded to the droplet mechanism.
Under conditions of electric current of constant
direction with reverse polarity the search for corre-
lations between the maximum arc length (/) sepa-

rately for the strength of electric current or arc
voltage (U ) have shown the need to considerate
the influences of / and U at the same time. The
results of the constructed dependences for the
components under study are presented in the Fig. 1.

According to external characteristics one can
talk of inverse relationship between /, and electric
current capacity (W =U [I). The deviation of de-
pendences [, = f(W) from the rectilinear appear-
ance indicates the need to reconstruct them in loga-
rithmic coordinates (Fig. 2).

In the first approximation, the specified de-

pendences are clearly subordinated to relation of
the type:

In(,) = A+ K In(W) @)

where 4 and K are the constant characteristics.
After transformation the expression (2) takes the
form:

)

where B — is a proportionality coefficient.

For each component under study from the
graphic solutions of dependences (Fig. 2) the values
A4 and K, for the dimension /, [mm], W [VA]
were determined. Thus, in the order of decreasing
the values A (14.75; 13.7; 10.5 and 8.8), the studied
components are placed in the corresponding order:
Si0,, Fe—Si, CaCO, and kaolin. The similar
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pattern of change is also observed for the value K
in the specified order ( SiO,, Fe—Si, CaCO, and

kaolin): 1.5; 1.4; 1.03 and 0.817.
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Fig. 2. Dependences [, = /(W) for the studied

components in the logarithmic coordinates.
The identifications are similar to the Fig. 1

For more detailed explanation of the reasons
leading to the influence on the formation process
of electric arc components in the presented order
from SiO, to kaolin, the additional analysis of the

obtained relations was made. Thus, in a first ap-
proximation, accounting the known decrease in
surface tension force of the iron from the oxygen
concentration [6], the presented influence nature
(Fig. 1) may be stipulated by the presence of oxy-
gen atoms of different concentration as a result of
the dissociation reaction of the studied compo-
nents. On the other hand, at the initial stages of the
arc forming, the increase of electric current
strength is accompanied by proportional increase
in the metal mass transfer through the interelec-
trode space [5, 10]. At the same time, due to the
joint action of electric and magnetic fields that ap-
pear in the space between electrodes, the axial
force determining the mechanical nature of the in-
fluence on the molten metal is being formed. The
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voltage that is appearing according to its action
represents the pressure voltage.

Under conditions of permanency of the most of
factors influencing the formation process of elec-
tric arc the specified voltage can be estimated us-
ing the power that is appearing (p ) with the use of

dependence [6]:

p:kalz’ (4)

— 1s a coefficient that determines the

electrode diameter influence and the electric arc
polarity. At the same time, according to the pre-
sented dependence the influence of ionizing ability
of interelectrode environment is absent. Although
using the form of the ratios [, = /(W) (Fig. 1) one

can still identify the influence peculiarities of the
studied substances on the environment of interelec-
trode space.

Using the electric arc power at the moment of
arc forming as the characteristics determining the
conditions for its further combustion, the maximum
arc length should reflect the state of the interelec-
trode space environment. Indeed, the analysis of
dependences /, = f(W) shows that one can quite

where £,

often observe the change /, in a certain range of

values for the same levels W . In order to try to de-
termine the index, which may allow assessing the
influence of the studied substances on the process of
arc formation, we use the dependence [, = f (W)

(Fig. 1). But as an argument we take the value /,.

The next step, after approximation of dependence
W = f(l,) with the use of straight lines, the slope
coefficient determination allows assessing the de-
gree of influence of the substances under study.

For the range of values W and [, (Fig. 1), let
us assess the slope coefficient (C ) using the ratio:

_AW (5)
Al,
where — AW and Al, are the corresponding

change intervals W and /.

Taking into account the fact that to each chemi-
cal element corresponds its own value of ionization
potentials (the first ionization potential, the second
and so on [16]) one can make an attempt to assess
the specified characteristics of the studied sub-
stance ( P) with the defined simplification degree.
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First of all, to determine P let us use only the first
ionization potential of chemical elements whose
values are shown in the diagram (Fig. 3).
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Fig. 3. Value of the first ionization potential
of the chemical elements depending on the
serial number of the periodic table.

The presented position is stipulated by the fact
that during the electric arc formation mainly the ex-
traction of outer (valence) electrons takes place,
when the extraction of the electrons closest to the
nucleus requires several times more energy [13, 16].

In order to take into account the complicated
joint influence of different chemical elements pre-
sented in the area of electric arc discharge at the
same time, it is necessary to make two assumptions.

The first assumption — is an assessment of the
P values of the studied substances excluding the
energy spent on complete dissociation of mole-
cules or chemical compounds to atomic state. The
second assumption — the additive nature of ioniza-
tion potentials influence of chemical elements
forming the molecule or chemical compound in
proportion to their number is accepted.

P,B
1 /-GD
bl
10 /
’ /
g &
AW KBA
0.3 0.4 0.5 AI Sy

Fig. 4. The ratios between the values P and C for
the studied substances ( (O is a kaolin; ® ;s Si0, ;
@ is caco,; ® _is Fe-si).
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The influence efficiency of the studied sub-
stances on the process of electrical discharge form-
ing that is assessed according to the values C
(Fig. 1), in fact, should be connected with the pe-
culiarities of the atomic structure of the chemical
elements that form the substances. On the basis of
this, one can expect the existence of correlation
between the values C and P. The result of pair
plotting of the specified characteristics is shown in
Fig. 4.

Considering the nature of the presented ration
one can talk of the proportional relationship be-
tween the angular coefficient (C ) and the value
P . If we assume that under certain conditions the
formation of electric arc discharge the value C
characterizes the substance influence on the proc-
ess of arc ignition, it is reasonable to expect the
existence of relation with the values characterizing
the state of interelectrode space. According to the
presented dependence as compared to the other
substances under study, filling the interelectrode
space of Fe—Si is accompanied by the electric arc
formation at the lowest values of specific power.
Around 20% more of electric current power is nec-
essary to have to enable the arc discharge excita-
tion while filling the interelectrode space and even
greater one for kaolin.

Originality and practical value

1. Based on the influence analysis of the stud-
ied substances on the formation processes of elec-
tric arc, the inverse relationship between electric
current power and the maximum arc length until its
natural break was determined.

2. The ratio between the maximum arc length
and the electric current power, with a sufficiently
high correlation coefficient are subordinated to the
exponential dependence. The influence of the stud-
ied substances on the electric arc formation is de-
termined using the degree indicators of the pro-
posed relationship.

3. The value of specific power of electric cur-
rent at the moment of electric arc formation, which
is attributed to the arc length, can be taken as a
parameter characterizing the state of the interelec-
trode environment.

Under conditions of the identical adjusting
force of electric current the gradation of the studied
substances in the order of increase of their influ-
ence on the arcing process is determined. Thus, the

Doi 10.15802/stp2014/30824

minimal influence is observed from kaolin, and the
maximum one — for Fe—Si. Using the value C
allows assessing the influence degree of chemical
mixture on the formation of electric arc in practice.

Conclusions

1. Under conditions of the research the metal
transfer in the interelectrode space corresponds to
the droplet mechanism.

2. The ratio between the maximum arc length
and electric current at the moment of forming the
electric discharge for the conditions of inverse po-
larity, has the form of exponential dependence.

3. Substance influence on the state of environ-
ment of the interelectrode space can be estimated
using the ratio of the change speed of electric dis-
charge power at the moment of arc ignition per
unit of length.

LIST OF REFERENCE LINKS

1.  Baxkynenxko, . A. Mopdomorust CTpyKTypHI U Jie-
(dhopmarmonroe ynpounerue cranm / 1. A. Baky-
nenko, B. U. bonemakos. — J[. : MakoBerkuii,
2008. - 196 c.

2. Baxkynenko, I. O. CTpykTypHi IepeTBOpeHHS B Me-
TaJi 3aJi3HUYHOTO KoJleca MiCIs Ail IMITyJIbCIB eeK-
tpuuHoro ctpymy / 1. O. Bakynenko, B. A. Co-
kipko, O. C. backeBuu // BicH. [{ainpornetp. Hail.
YH-TY 3aJli3H. TpaHcIl. iM. akaj. B. JlazapsHa. — /1.,
2012. — Bum. 42. — C. 160-163.

3. Kpusuyn, U. B. Mozenp npoueccoB Temio-, Mac-
CO- W D3JIEKTpoIlepeHoca B aHOMHOM oOmactu
M CTONOE CBapoOYHOM IYrM C TYTOIUIABKHM
katomom / WM. B. Kpusmyn, B. ®. [lemuenko,
. B. Kpuxker // ABromar. cBapka. — 2010. — Ne 6.
-C.3-11

4.  Jleckos, I'. . Dnextpuueckasi cBapouHasi ayra /
I'. U. JleckoB. — M. : Mammnoctpoenue, 1970. —
336 c.

5. IlpudnexTpoiHble IPOLECCHl B AYIOBBIX pa3psaax
/ M. @. XKykos, H. I1. Ko3nos, A. B. ITycrorapos
[m mp.]. — HoBocubOupck : Hayka, 1982. — 157 c.

6. Csapka B MalIMHOCTPOSHMH : CHpaB. / TOA pei.
H. A. Onpmanckoro — M. : MammHOCTpOEHHE,
1978.—-T.1.-504 c.

7.  Ilep6akos, U. I1. UccnenoBanne m3MeHEHUS CyO-
MHKpopenbeda MOBEPXHOCTH MEIHBIX 00pasloB
IPU TPOMYCKaHWU 10 HUM HMILYJIbCOB JJIEKTPH-
yekoro Toka Oombiion tuiotHocty / WM. I1. Mep-
6akoB, /[. B. Uypaes, B. H. CgetnoB // XypH.
TexH. ¢pusuku. —2004. — Ne 4. — C. 139-142.

8. Boulos, M. I. Thermal plasmas: Fundamentals
and applications / M. 1. Boulos, P. Fauchais,

© 1. O. Vakulenko, S. O. Plitchenko, D. M. Makarevich, 2014

97



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancropty. BicHuk J[HIponeTpoBcbKoro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3alIi3HUYHOrO TpaHcmopty, 2014, Ne 5 (53)

MATEPIAJIO3HABCTBO
E. Pfender. — N.-Y. ; London : Plenum press, mamoto, S. Tashiro et al. / Welding in the World.
1997. - Vol. 1. - 454 p. —2008. —Ne 11/12. — P. 82-88.

9.  Electric pulse treatment of welding joint of alumi- 13. Moore, Ch. E. Ionization potentials and ionization
num alloy / I. A. Vakulenko, Yu. L. Nadezdin, limits derived from the analysis of optical spectra /
V. A. Sokirko [et al.] // Hayka Ta mporpec TpaHcII. Ch. E Moore. — Washington : NSRDS-NBS 34,
BicHuk /[Hinponerp. Hall. YH-Ty 3aJ1i3H. TPaHCII. — 1970. - P. 22.
2013. —Ne 4 (46). — C. 73-82. 14. Nestor, O. H. Heat intensity and current density

10. Hu, J. Heat and mass transfer in gas metal arc distributions at the anode of high current, inert gas
welding. Pt. I : The arc / J. Hu, H. L. Tsai // Intern. arcs / O. H. Nestor // J. of Appl. Phys. — 1962. —
Heat and Mass Transfer. — 2007. — Ne 50. — vol. 33, Ne 5. — P. 1638-1648. doi: 10.1063/1.
P. 833-846. doi: 10.1016/j.ijjheatmasstransfer.2006. 1728803.
08.025 15. Prediction of anode temperatures of free burning

11. Investigation of cathode spot behavior of atmos- arcs / P. Zhu, J. J. Lowke, R. Morrow [et al.] //
pheric argon arcs by mathematical modeling / J. Phys. D : Appl. Phys. — 1995. — Ne 28. —
J. Wendelstorf, G. Simon, I. Decker, H. Wohlfahrt P. 1369-1376. doi: 10.1088/0022-3727/28/7/014.
// Proc. 12th Intern. Conf. Gas Discharges & Their ~ 16. Sanders, N. A. Measurement of anode falls and
Applications. — Greifswald, 1997. — Vol. 1. — anode heat transfer in atmospheric pressure high
P. 62-65. intensity arcs / N. A. Sanders, E. Pfender // J. of

12.  Metal vapour behaviour in gas tungsten arc ther- Appl. Phys. — 1984. — vol. 55, Ne 3. — P. 714-722.
mal plasma during welding / M. Tanaka, K. Ya- doi: 10.1063/1.333129.

1. A. BAKYJIEHKO", C. A. TUIMTYEHKO? JI. H. MAKAPEBUY®

"Kad) «TexHONOrHs MaTepuanos», JIHEeNpoIeTpOBCKHI HAMOHATLHEIA YHHBEPCHTET XKEIE3HOI0POKHOTO TPAHCIIOPTA
nMeHu akanemuka B. Jlazapsna, yii. Jlasapsina, 2, lnenponetposck, Ykpanna, 49010, ten. +38 (056) 373 15 56,

ai1. mouta dnuzt_texmat@ukr.net, ORCID 0000-0002-7353-1916

2Ka(1). «TexHonorus Matepuanosy, JIHENPONETPOBCKUI HAllMOHAIbHBIN YHUBEPCUTET KEJIE3HOA0POKHOTO TpaHCIopTa
nMeHu akagemuka B. Jlazapsna, yi. Jlazapsna, 2, luenponerposck, Ykpauna, 49010, ren. +38 (056) 373 15 56,

a11. mouta dnuzt_texmat@ukr.net, ORCID 0000-0002-0613-2544

3Kaq). «Texnonorus matepuanony, J[HENPONETPOBCKUI HAllMOHAIBHBIN YHUBEPCUTET KEJIE3HOA0POKHOTO TPaHCIIOpTa
uMeHH akajemuka B. Jlazapsna, yi. Jlasapsna, 2, lnenponieTpoBck, Ykpanna, 49010, Ten. +38 (056) 373 15 56,

1. moura dnuzt_texmat@ukr.net, ORCID 0000-0003-4327-9809

BJIUAHUE XUMHWYECKUX COEJVHEHUN HA ®OPMHUPOBAHUE
EJEKTPOAYI'OBOI'O PA3PAIA

Heun. Llensio pabOTHI SIBISETCS CPABHUTEIBHBIN aHAIN3 BIMSHUS XHUMHUYECKHX COCOHUHEHHUI Ha mporecc (op-
MHUPOBaHHA EKTPUIECKON IyTH M yCcIoBHA ee TopeHus. MeToauka. MaTtepuaioM sl 3JIeKTpoaa Oblia HU3KOYT-
JIEpOIUCTas TMPOBOJIOKA AHMAMETPOM 3 MM M3 CTajH C coiepykanuem yriepoxa 0,15 %. B kauecTBe coennHeHHH,

KOTOPBIC OIPCACIIAIOT yCIOBUA (bOpMI/IpOBaHI/IH QJICKTPOAYTOBOT'O pa3psja, UCIOJb30BAJIN: KAaOJIWH; CCICO3 C Ipu-

MecsMu rurca 10 60 %; SiO2 n Fe— Si npu koHnenTparmn xenesa 10 50 %. MccnenoBanus mpoBOIMIKCE C HC-

MTOJIF30BAHMEM IOCTOSTHHOTO 3JICKTPUIECKOTO TOKa M JYyTW OOpaTHOW MONAPHOCTH. B KadecTBe MCTOYHMKA DJICK-
TPUYECKOT'0 TOKa MCITOJIb30BAIM CBApOUHBIA mpeobpazoBatens tuna [ICO-500. Ha cnenuanbHOM CTeHIE Hadalb-
HBIA 3a30p MEXIY JIEKTPOJOM W METaJUTMYECKOH IUIACTHHOM cocTaBisil 3HaueHHe 1—1,5 MM. MeXaneKTpoaHbIi
MIPOMEKYTOK 3aIlOJIHSIIN HCCIEAYyEMBIM COeTUHEHNEM U (DOPMUPOBAIIN IEKTPHUECKUH pa3psa. B MoMeHT BO3HHK-
HOBCHUA 3ne1<Tp1/me01<0171 AYTU ONPEACIIIN BEJIMYUHBI SJICKTPUYCCKOI'0 TOKA W HAIIPSXKCHUSA Ha OYyTE. ITocne npu-
POJIHOTO pa3phiBa JEKTPUUECKON YT OKOHUYATENBHYIO BEJIMUMHY 3a30pa MEXIY dJIEKTPOJaMu MPUHUMANIH B Ka-
YECTBE MAKCHUMAJIbHOTO 3HAYEHUs JUIMHBI Iyru. Pe3yjabTaThl. B yCcloBusSX sKcliepuMeEHTa MEPeHOC MeTallia B Me-
JKIIIEKTPOJTHOM MPOMEKYTKE OTBEYAJ KaleIbHOMY MEXaHHW3MY. 3a BHCITHUMH NPH3HAKAMH COOTHOIICHUE MEKIY
MaKCUMAaJIbHON JUIMHOW YT ¥ MOUTHOCTBIO 3JICKTPUYECKOTO TOKA MMEET BUJ 3KCIIOHCHIIMAIBLHON 3aBHCHMOCTH.
VYaenpHas MOIIHOCTE 3JEKTPUYECKOrO JYrOBOTO pa3psaa B MOMEHT ()OPMUPOBAHUS MYT'H HA CIUHHILY €€ JIHHBI
XapaKTepU3yeT COCTOSHUE CPEObl B MEXIICKTPOTHOM mpomexyTke. Hayunas HoBu3Ha. 1) Ha ocHoBe aHammsa
BIIMSTHASL HCCIIEAYEMBIX XUMHYECKIX COCTUHECHUI Ha MPOIEcChl (POPMHUPOBAHUS IIIEKTPUIECKOTO AYTOBOTO pa3psaa
oTpeniesieHa 0OpaTHO-TIPOIIOPIIHOHANIEHAS CBA3h MEXKTy MOITHOCTBIO DIEKTPHUECKOTO TOKA M MAKCHMAIIBHOW IITH-
HOW IyTW K MOMEHTY €€ IPUPOAHOTO pa3pbiBa. 2) COOTHOIIEHNE MEXAY MAKCHMAIbHON UIMHOW AYTH W MOIIHO-
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CTBIO ANEKTPHYECKOTO TOKA, C JOCTATOYHO BBICOKHM KO3((HUIIMEHTOM KOPPEIALNH, TOJUYNHICTCS SKCIIOHCHIHATIb-
HOW 3aBHCHUMOCTHU. BiusiHMe uccienyeMbix COeqMHEHHH Ha mporecc (popMHPOBaHHS DIIEKTPHUYECKOTO TYrOBOTO
paspsiza onpenenseTcs yepes MoKa3aTel CTENeHH MOJyYeHHOTO COOTHOIIeH . 3) Bennunaa ynensHoi MOIHOCTH
JIEKTPUUECKOTO TOKa B MOMEHT (DOPMUPOBAHUSI JIEKTPUUECKOTO paspsija Ha €IUHUIY JJIMHBI AYTH MOXET OBITh
MPUHATA B KauyecTBE IMapaMeTpa, KOTOPBIM XapaKTepu3yeT COCTOSHHUE CPEIbl B MEXDICKTPOIHOM IPOMEXKYTKE.
IIpakTnyeckasi 3HAYUMOCTb. B yCloOBHSAX OJMHAKOBOM yCTaHOBOUHOM CHJIBI 3JEKTPHUUECKOTO TOKA OIpeesieHa
MOCIEI0BATENBHOCTD PACIOI0XKEHUS HUCCIEAYEMbIX XUMUYECKUX COEIUHEHUN B MOPSAAKE YBEIMYEHUS UX BIUSHUA
Ha TIPOLECC TOPEHUS Ayrd. MUHUMAJIbHOE BIMAHUE HAOIIOMAETCS OT KaoJlMHa, a MAaKCUMabHoe — oT Fe — Si .

Kniouesvie cnosa: >nexTpudeckuii yroBou pa3psi; IIHHA yTH; MOITHOCTH 3JIEKTPUIECKOTO TOKA; XUMHUECKOE
COEMHEHUE
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BILIUB XIMIYHUX PEYOBMH HA ®OPMYBAHHSI
EJIEKTPOJYTOBOI'O PO3PSITY

Meta. MeTo1o poOOTH € NMOPIBHAJIBHUI aHaNi3 BIUIUBY XIMIYHAX PEYOBHH Ha MPOLEC 3alaJOBAHHS EJICKTPHY-
HOI yr¥ Ta yMOBH i ropinas. Meroauka. Martepianom [uist eeKTpoay OyB BUKOPUCTAHHMI HU3bKOBYTJICIEBUH PIT
nmiamerpoM 3 MM i3 craii 3 0,15 % Byrienro. B skoCTi pe4oBUH, 10 BU3HAYAIOTH YMOBHU (POPMYBAHHSI €ICKTPOYTO-
BOro po3psiy, Oymnu Bukopucrani: kaonis; CaCOy 3 nomimkamu rincy 1o 60 %; SiO, ta Fe—Si npu KoHUEHT-
pamii 3amiza mo 50 %. JJocmimKkeHHs IPOBOAIIIUCS MTPH BUKOPUCTAHHI €IEKTPUIHOTO CTPYMY HMOCTIHTHOTO HAMPSIMKY,
JIyTH 3BOPOTHOI MOJISIPHOCTI. B AKOCTI [kepena elekTpudHoro CTpyMy OyB BUKOPHCTAHHH 3BapIOBaIbHUN NEpETBO-
proBau tuny I1CO-500. Ha crienianbHOMY CTEHAI MMOYaTKOBHH 3a30p MIX €JIEKTPOJIOM Ta METAJIEBOIO IUIACTUHOIO
cKkianaB 3HaueHHs 1-1,5 MM. MDKeneKTpOAHUI NPOMIXOK 3aIl0OBHIOBAJIN JIOCIIPKYBaHOIO PEYOBHHOIO 1 popMmyBaiin
SJIEKTPUYHUH po3psii. B MOMEHT 3amaoBaHHs €JIeKTPUYHOI Jyrd BU3HAYAIHM BEJIIMUYMHU €JIEKTPUYHOTO CTPyMy Ta
Harpyru Ha ay3i. [licis npupogHOTO pO3pHBY €IEKTPUYHOI JYI'M OCTATOYHY BEJIMUYHMHY 33a30py MK €JIEKTPOJaMHu
npuiiMany B SKOCTI MaKCUMAJIbHOT JOBXMHM Oyrd. Pe3yabTaTn. B yMOBax eKcriepuMeHTy NepeHoC METaly B MiXK-
€JIeKTPOJHOMY IPOMDKKY BIIIIOBiZaB KPAIUIMHHOMY MEXaHi3My. 3a 30BHIIIHIMHA O3HAKaMH CITiBBITHOIICHHS MiX
MaKCHMaJIbHOIO JOBXUHOIO AYTH 1 MOTYXHICTIO €JIEKTPUYHOTO CTPYMy MAa€ BUIJIA €KCIIOHEHIIATBbHOI 3aJIeKHOCTI.
[TuToMa MOTYKHICTH €IEKTPUIHOTO AYTOBOTO PO3PSAAY B MOMEHT 3alajJeHHs IyT'M Ha OJWHULIO ii JTOBXXHHHU BilO-
Opakae cTaH cepeioBHIIA B MDKEIEKTpoaHOMY Npomikky. HaykoBa HoBu3HaA. 1) Ha ocHOBI aHaii3y BIUTMBY I10-
CHIPKYBaHUX PEYOBMH Ha MpolecHd (OPMyBaHHA €JIEKTPUYHOIO IyroBOTO pO3psLy BHM3HAUYEHHH OOEpHEHO-
MPONOPIIHHUHN 3B’ 30K MUK MOTYXXHICTIO €IEKTPUIHOTO CTPYMY 1 MAaKCHMAJIbHOIO JTOBKHHOIO JYyTH 10 MOMEHTY i
NpUpOIHOro po3puBy. 2) CHiBBIAHOIIEHHS MK MaKCUMAaJbHOIO JOBXHMHOK JYTW 1 MOTYXHICTIO €JIEKTPUYHOTO
CTPYMY, 3 JOCTaTHbO BHCOKHMM KOe(]iLieHTOM KOpesslii, MiANOpSIKOBYIOTHCS EKCIIOHEHLIAIBHIH 3aJIe)KHOCTI.
BrumB nocnipkyBaHUX PEYOBHH Ha Ipouec (popMyBaHHS €JIEKTPHYHOIO JYyrOBOTO PO3psily BU3HAYAETHCS uepe3
MOKa3HUKH CTYIEHs PO3IJISIHYTOro CHIBBiIHOIIEHHS. 3) BenuunHa mUTOMOI MOTYXHOCTI €NEKTPHYHOTO CTPyMY
B MOMEHT (DOPMYBaHHS €JIEKTPUYHOTO PO3psiy Ha OJUHUIIO JOBXKHHM JYyrH MOXe OyTH NpHHHATA B SKOCTI
napameTpa, 10 XapaKTepHU3ye CTaH MDKeIeKTpoxHoro cepenopuina. IlpakTuyHa 3HaYMMicTh. 32 yMOB OJHAKOBOI
YCTAHOBOYHOI CHJIM EJIEKTPUYHOTO CTPYMy BH3HA4YEHA ITOCTIJOBHICTH pO3TAIlyBaHHA AOCIIUKYBAaHHUX PEYOBHH
B MOPSAKY 30UTBIIEHHS X BIUIMBY Ha MPOIeC TOPiHHS AyTH. MiHIMANBHUH BIUIMB CIIOCTEPIraeThes 3 OOKY KaoIiHy,
a MakcuManbHuii — st Fe — Si .

Kniouosi cnosa: enekTpudHUil AyroBUH po3psii; JOBKUHA TYTH; MOTYXHICTh €JEKTPHYHOTO CTPYMY; XiMidHA
pedoBUHA
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