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ABSTRACT

This work is devoted to evaluation of the diffusion coefficient of carbon using the thickness of the martensitic layer
after plasma electrolytic carburizing in various electrolytes followed by quenching. The carbon diffusion coefficient
was calculated using the solution of the diffusion equation for a semi-infinite body according to the thickness of the
martensitic layer which was measured by means of an optical microscope. The effective diffusion coefficients of carbon
in the structure of mild steel containing oxide and martensitic layers are determined. The maximum diffusion coefficient
at a carburising temperature of 900 °C is 2.3 x 10”7 cm?/s for treatment in an acetone-based electrolyte for 1 min. The
obtained values were comparable with the calculation results for the thickness of the pearlite layer after anodic plasma
electrolytic carburising as well as data of measurements of the distribution of carbon concentration in the carburised
layer after cathodic saturation. The influence of the oxide layer inhibiting the diffusion of carbon and the possibility of
controlling its thickness by varying the concentration of ammonium chloride, which provides anodic dissolution of steel,
were confirmed. It has been established that the published values of the coefficients of carbon diffusion during plasma
electrolytic carburising relate to various structures whose characteristics and properties depend on the composition of
the working electrolytes and processing conditions.

KEYWORDS
Electrolysis plasma; carburising; diffusion coefficient; steel.

AHHOTALNA

MoceAweHa oueHKke KoadoduumeHTa auddysnm yrnepoga € MCNONb30BAHMEM TOALWMHbI MApPTEHCUTHOrO CN0A MoO-
C/le NNAa3MEeHHON 3N1EKTPOAUTUYECKOW LEeMeHTaLMK B Pa3/INYHbIX SNEKTPONUTAX C Nocieaylowum raweHnem. Ko-
abdodnumeHT anddysmm yrnepoga 6bin paccumTaH nyTem peweHua 3agayun anddysum gna nonybeckoHeyHoro Tena
B 3aBMCMMOCTM OT TOJILLMHBI MAPTEHCUTHOTO C/I0A, KOTOPbIA M3MEPA/ICA C MOMOLLBI ONTUYECKOrO MUKpPOCKoNa. I¢-
deKTMBHble KO3pPMUMeHTbl anddy3nn yrnepoga B BO3ayXe ONpenenann no CTpyKType MATKOM CTanu, cogepKallen
OKCUAHbIE U MApPTEHCUTHble cnon. MaKcumManbHbli KoadduumeHT anddysumn npu Temnepatype HayrneporKMBaHWUA
900 °C cocrtasnseT 2,3 x 1077 cm?/c ans 06paboTKM B 3N1E€KTPOIMTE Ha OCHOBE aLleTOHa B TeyeHue 1 MuH. MonydyeHHble
3Ha4yeHusA 6blIM CONOCTaBUMbI C PacYeTHbIMM pe3ybTaTamm No TONLLMHE NePAUTHOTO C10A NOC/Ae aHOAHO-N1a3MEeHHOr0
3/1EKTPO/IMTUHECKOIO HAaYINIePOXKMBAHUA, @ TaKKe C AaHHbIMU U3MEPEHUI pacnpeseieHNA KOHLeHTpaL MKW yraepoaa B Ha-
YINePOXKMBAEMOM C/1I0€ NOC/IE KATOAHOTO HACbILLLEHMA. BblN0 NOATBEPKAEHO BANAHME OKCUAHOTO C/1I0A, UHIMOUpPYIOLLLEro
anodody3unio yrnepona M BO3MOXKHOCTb PEry/IMPOBaHUA ro TONLWMHbI MyTEM U3MEHEHUA KOHLLEHTPAL MM X10puaa aMmo-
HWA, KOTOpbIVi 0becneynBaeT aHOLHOE PAaCTBOPEHUE CTann. bblNo ycTaHOBAEHO, YTO ony6IMKOBaHHbIe 3HaYeHUA Koaddu-
uneHToB Anddysmm yrnepoaa npu NaasMeHHOM 3N1EKTPOSIMTUYECKOM HAYIIEPOKMBAHUM OTHOCATCA K PA3/IMYHBIM KOH-
CTPYKLMAM, XapaKTEPUCTUKM M CBOMCTBA KOTOPbIX 3aBMCAT OT COCTaBa paboyel cpespbl SNEKTPONUTA U YCI0BUIN 06paboTKM.
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Introduction several minutes, combination with hardening
without reheating, the convenience of performing
local processing of individual areas of the
component, and the use of inexpensive equipment
[1, 2]. The saturating medium during PEC is the

Plasma electrolytic carburising (PEC)
of metals and alloys attracts the attention of
researchers with new technological capabilities.
These include reduction in processing time to
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vapour-gaseous envelope (VGE) which is
formed around the workpiece due to boiling
of the electrolyte and has sufficient electrical
conductivity. High-speed PEC provides an
increase in wear resistance of steel H13 [3], AISI
304 [4], T8 [5] and aluminium [6], as well as the
corrosion resistance of commercial pure titanium
[7], titanium alloy Ti-48A1-2Cr-2Nb [8] and
aluminium alloy 6082 [9].

A specific feature of the PEC is a more
complex three-phase system (electrolyte solution,
VGE, metal electrode) compared to traditional
carbon saturation from a solid or gas phase [10].
Firstly, the saturation temperature depends on the
heating voltage, the polarity of the workpiece, the
composition of the electrolyte, its temperature and
the hydrodynamic conditions in the electrolyser.
Secondly, the diffusion saturation with carbon is
further complicated by the inevitable chemical
and electrochemical reactions, as well as by the
action of electric discharges in the VGE. These
PEC features determine the kinetics of carbon
saturation of steels obtained by various authors.

Cathodic PEC occurs in more difficult
conditions than anodic one. Electric discharges in
VGE create unsteady heat sources, which makes
it difficult to measure the temperature directly in
the carburised material, where carbon diffusion
takes place. For these reasons, the effect of the
PEC duration on the layer thickness is different.
For example, the increasing time dependence
of the thickness of the carburised layer during
the treatment of pure iron in a glycerol-based
electrolyte is not parabolic [11], therefore, the
surface carbon concentration during saturation
cannot be considered constant. However, the
saturation of mild steel with carbon in a 25 wt.%
solution of potassium acetate in glycerol leads to
a parabolic dependence of the layer thickness on
the processing time [12]. It can be assumed that a
constant concentration of carbon on the surface
of the steel is achieved by additional stabilization
of the conditions in the VGE owing to the use of
two current sources (direct and high-frequency
current). A surface carbon concentration of
1.4 wt% is determined for PEC in a solution of
potassium acetate in glycerol at 950 °C and a
frequency of 350 Hz [13]. The carbon potential
is also measured at the PEC of low-carbon steel
(900 °C, 15 min) in an aqueous solution containing
10 wt.% sodium carbonate and 20 wt.% ethanol
equal to 0.7 wt.% [14]. The temperature conditions
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and structure of the layers obtained in these
examples reveals that carbon diffuses in austenite.

A more complex structure is formed during
the cathodic PEC of T8 high carbon steel in an
80 wt.% glycerol solution with the addition of
potassium chloride [15]. Saturation with carbon
at 380 V for 3 min results in the formation of a
structure containing two layers. The outer layer
with 30 um thick is carbon-enriched cementite,
in which the carbon concentration changes from
(9-15) wt.% on the surface to (6.5-7.0) wt.% at a
depth of 30 um according to energy dispersive
spectroscopy. In the second layer, called diffusive
one, the carbon content decreases and reaches the
initial 0.8 wt.% at a depth of 70 microns. In this
case, the average carbon diffusion coefficient is
272 - 1077 cm?/s at 380 V and a PEC temperature
of 800 °C. Note that the switch-off of voltage
after the PEC in an 80 wt.% glycerol solution
does not lead to quenching and the formation
of martensite [16]. A possible cause may be an
increased viscosity of this solution. Also, the
carbon potential of the sodium carbonate solution
is found to be (0.6—0.7) wt.% [17].

The anode PEC occurs under almost
stationary conditions without electric discharges
in the VGE, which enables to measure the
temperature of a workpiece or sample with
acceptable accuracy. As a rule, the dependence
of the thickness of the martensitic layer after PEC
followed by quenching on the saturation time is
parabolic [18].

The carbon potential of electrolytes at the
anode PEC is estimated using various methods.
The layer structure contains the portions of
cementite in the form of a grid, the area of which
did not exceed 2%. In this case, the carbon
potential of VGE is taken equal to 0.9 wt.%. The
potential of 0.8 wt.% corresponds to the absence
of a cementite network and ferrite grains. The
appearance of ferrite grains occupying an area
of up to 10% of the area of perlite grains permits
to estimate the carbon potential as 0.7 wt.% [19].

The simplest example of estimating the
carbon diffusion coefficient is the experimental
measurement of the weight a thin wire of low-
carbon steel after its anodic PEC in a solution of
glycerol and ammonium chloride at (180-240) V
[20]. A theoretical calculation of the average
carbon concentration in the wire, based on the
solution of the diffusion equation with a constant
concentration of carbon on the surface allows
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obtaining the average diffusion coefficient of
(1.0£0.2) - 107 cm?/s. The PEC temperature is
not measured, but the identification of areas of
coarse-grained martensite at the PEC voltage of
240 V confirms a certain austenitisation of the
surface layer.

The carbon diffusion coefficient at the anodic
PEC is also estimated from the measurements
of the average carbon concentration at a given
depth using emission spectral analysis [21].
A well-known solution of the diffusion equation
for a semi-infinite body:

C-GCo

X
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modified by the introduction of an average
volume concentration:
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where C is the carbon concentration at depth x,
CO is the initial carbon concentration, CS is the
carbon concentration on the surface of the sample,
D is the carbon diffusion coefficient in steel,
t is time, erfc (x) is an additional error function,
1 is the depth of determining the volume carbon
concentration. Then, in the expression (1), the
carbon concentration on the surface of the CS
sample can be replaced by its average value in
depth, which gives:

c=cy+€=C)

+ F(D) erfc(zm} (3)

The carbon content in the pearlite layer being
0.76 wt.% is chosen to determine the diffusion
coefficient [22]. The depth of the layer is
determined optically. The diffusion coefficient of
carbon is 1.29 - 10* cm?/s at 900 °C. In the same
work, the effect of the electrolyte composition
on the characteristics of carbon diffusion in steel
is discovered which is explained by a change
in the composition of its surface layer owing to
the formation of iron oxides inhibiting carbon
transfer.

Determining the thickness of a pearlite layer
requires an additional operation of tempering or
cooling the sample in air after PEC. In the latter

case, incomplete hardening of carburised steel is
not excluded. The aim of this article is to verify
an alternative version for estimating the diffusion
coefficient of carbon using the thickness of
the martensitic layer, which is easily visually
determined after etching of the sample or by the
distribution of microhardness in the layer. In this
case, the carbon concentration at the boundary
of the martensitic layer is taken to be 0.26 wt.%
[22]. The carbon diffusion coefficient is found by
numerically solving equation (3) using known
estimates of the carbon potential of VGE formed
in electrolytes of various compositions.

1. Materials and equipment

Cylindrical samples of low-carbon steel
(0.1 wt.% C) with a height of 20 mm and a
diameter of 10 mm were subjected to anodic
PEC. All samples were cleaned with sandpaper
to a surface roughness of Ra 1.01 um and washed
with ultrasound in acetone before processing.
The PEC was carried out in a cylindrical
axisymmetric electrolyser with a longitudinal
flow around the samples with electrolyte
supplied through a nozzle located in the bottom
of the chamber. The electrolyte was overflowed
the upper edge of the chamber into a tray and
further pumped through the heat exchanger at a
flow rate of 3 1/min. The electrolyte flow rate was
determined using a float rotameter RMF-0.16.
The electrolyte temperature was measured with
an MS-6501 digital thermometer with TP — 01
fast response thermocouples and maintained at
(20+1) °C.

After applying voltage, the samples were
immersed in the electrolyte to a depth equal
to the height of the samples. After PEC, the
samples were quenched in the -electrolyte
from the saturation temperature. The voltage
value was recorded using an LM-1 voltmeter.
The current was controlled using an MS8221
multimeter. The samples temperature was
determined by the MS8221 multimeter and
the M89-K1 thermocouple with an accuracy
of 2% in the range 400-1000 °C. The heating
temperature of the samples varied from 800
to 1000 °C, the processing time was 1, 3 and
7 minutes. An aqueous solution of ammonium
chloride and one of the carbon-containing
components: acetone, ethylene glycol, glycerol,
sucrose, ethyl and isopropyl alcohol were used
as a working electrolyte. The concentration of
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carbon-containing components of the electrolyte Data of Table 1 show that the obtained
was 10 wt.%, the concentration of ammonium values of the diffusion coefficient are close,
chloride was also 10 wt.%. while the carbon potential practically coincides

The structure of the surface layer of the for a heating temperature of 1000 °C. Hence,
samples was studied usingan ECMETAM RV-21  the minimum concentration in the martensitic
optical microscope after polishing and etching layer can be used as a characteristic carbon
(4 wt.% solution of nitric acid in ethanol) for  concentration. This layer is well detected in the
5-10s. images of the structure; therefore, determining

2. Results and its discussion its thickness is not difficult (Fig. 1).

Table 2 contains the experimental data
on the anodic PEC of low-carbon steel in
electrolytes of various compositions. The

- ; ; ) carbon potentials of electrolytes are determined
martensitic layer using the previously published by measuring the surface concentration of

data [21] and compare them with the data .00 ysing spectroscopy of proton nuclear
obtained for the pearlite layer (Table 1). backscattering [23].

First of all, we evaluate the carbon potential
of glycerol-based electrolytes and the diffusion
coefficient of carbon over the thickness of the

Table 1
Tabnuna 1

Conditions and results of evaluating the diffusion coefficient of carbon and the carbon potential of
glycerol electrolyte during anodic PEC [21]. Nomenclature: C  is glycerol concentration, C,
is ammonium chloride concentration, 7 is PEC temperature, ¢ is PEC duration, SP is pearlite
layer thickness, O ,, is martensitic layer thickness, C| is volumetric carbon concentration in a layer
of 75 microns thick, D, is carbon diffusion coefficient (pearlite calculation), C, is surface carbon
concentration (pearlite calculation), D, is carbon diffusion coefficient (martensite calculation), C, is
surface carbon concentration (martensite calculation).

YcaoBus u pe3yabrarbl oueHkH ko3¢ uuuenta nuddy3sun yriepona v yriepoaHoro noTeHiuana
[IMLEPUHOBOIO JIEKTPOJIUTA NPU AHOAHOU MJIA3MEHHOI JIeKTPOIUTHYECKOH eMeHTanum [21].
Homenkiarypa: Cg, — KOHUEHTpauus riaumnepuna, C  — KOHUEHTPaUus XJI0pHIa AMMOHHS,

T — TemnepaTypa HeMeHTaluH, f — npoaokuTeabHocTh PEC, 8,, — TOJIIUHA CJI0S1 TEePJIUuTA,

,, — TOJIMHA MAPTEHCUTHOTO €105, C), — 00beMHasi KOHUEHTPAUMS YIJIepoa B CJI0€ TOJIUIMHON
75 MuUKpOH, D, — ko3¢ punment quddys3un yriepoaa (pacuer no nepiury), Co — NOBEPXHOCTHAS
KOHUEHTPAUMs yriepoaa (pacyer nepiaura), D, — kodppuuuent quddysun yriepoaa (pacyer
maprencura), C,, — KOHIEHTPANUsl YIJIepo/ia HA NOBEPXHOCTH (PAacyeT MapTEeHCUTa).

Cv’ D, CSI’ Csz’ D,,
Cowtd% | Cowt% | 7.0C | tomin | 8o bm | wi% | 10%cmys | weo | O MM | wit | 10% cms
Pearlite layer Martensite layer
5 10 900 5 12 0.48 3.5£0.4 0.93 66 0.85 4.7+0.5
10 10 1000 5 12 0.56 7.8+0.8 0.86 90 0.84 8.8+0.8
10 10 900 10 26 0.69 6.8+1.7 0.95 102 1.03 4.6+0.3
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Fig. 1. The image of the cross section of low-carbon steel after its anodic PEC in an electrolyte containing
10 wt.% ammonium chloride and 10 wt.% glycerol at 900 °C for 10 min. 1 is martensitic layer,

2 is martensitic-pearlite one

Puc. 1. M300pakeHne MomnepeyHoro CeueH sl HU3KOYIIEPOAUCTON CTaIX MOCIIE €€ aHOIHOM TIa3MEHHOU
AIEKTPONIUTHYECKOM LIEMEHTAIUH B 3JIEKTpoauTe, conepxkamieM 10 mac.% xnopuna ammonus u 10 mac.%
omutiepuHa mpu 900 © C B Teuenne 10 MuH. 1 — MapTEHCUTHBIN CITOH, 2 —MapTCHCUTHO-TICPIUTHBIA CIIOU

Table 2
Tabnuna 2

Experimental data and results of evaluating the coefficient of carbon diffusion in various electrolytes
at the anodic PEC. Nomenclature: 7 is the saturation temperature, ¢ is the duration, U is the voltage,
I is the current, & ,» I8 the thickness of the martensitic layer, D is the diffusion coefficient of carbon

JKcIepuMeHTATbHbIE JaHHbIe H Pe3yJbTaThl OlleHKH Kod(puumenTa 1updys3nu yriepoga
B Pa3JIMYHBIX JIEKTPOIUTAX NpU nemMeHTauuu. Homenkaarypa: 7 — reMneparypa HachILLCHUS,
¢ — NPOOJKUTENLHOCTD, U — Hanpsikenne, I — Tok, O ,, — TOJIIHHA MAPTEHCHTHOTO CJIOSI,
D — ko3ppunnent nudpysuun yriepoaa

Carbon-containing component and carbon PEC regimens D,
potential of corresponded electrolyte 7,°C | t, min UV LA 8,, um 10 cm?/s
1 16 1.23
800 3 150 9.6 33 1.75
7 53 1.93
1 42 8.5
Acetone (0.9 %) 850 3 180 7.4 65 6.79
7 97 6.48
1 70 23.6
900 3 250 4.6 102 16.71
7 139 13.3
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Continuation of table 2
[Mpononxenue tadm. 2

Carbon-containing component and carbon PEC regimens D,
potential of corresponded electrolyte 7,°C | ¢ min UV LA 8, hm 108 cm?/s

1 6 0.28

800 3 150 12.4 12 0.38

7 18 0.36

1 12 1.13

Ethylene glycol (0.6 %) 850 3 180 8.6 18 0.84
7 24 0.64

1 18 2.53

900 3 210 6.8 30 2.35

7 42 1.97

1 24 3.17

850 3 160 8.5 42 3.23

7 60 2.83

1 30 4.95

900 3 190 6.8 54 5.35

7 78 4.79

Glycerol (0.8 %)

1 36 7.13

950 3 210 6.2 72 9.51

7 96 7.25

1 42 9.71
1000 3 240 5.8 84 12.90
7 132 13.70

1 20 2.54

850 3 170 8.6 38 3.06

7 54 2.65

1 24 3.66

900 3 200 7.2 48 4.88

Sucrose (0.7 %) U 2 170
1 30 5.72

950 3 220 6.6 64 8.67

7 96 8.36

1 36 8.23
1000 3 260 6 72 10.97
7 114 11.79

1 9 0.63

800 3 170 11 15 0.59

7 18 0.36

1 12 1.13

Ethanol (0.6 %) 850 3 200 8 20 1.04
7 24 0.64

1 18 2.53

900 3 230 6.2 28 2.04

7 44 2.16
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End of table 2
Okonyanue taba. 2
Carbon-containing component and carbon PEC regimens D,
potential of corresponded electrolyte 7,°C | ¢ min UV LA 8, hm 108 cm?/s
1 18 1.78
800 3 160 11 24 1.06
7 36 1.08
1 24 3.17
Isopropanol (0.8 %) 850 3 180 9 44 3.55
7 58 2.65
1 32 5.64
900 3 200 7.8 52 4.93
7 75 4.42

Figure 2 shows the dependence of the
square of the thickness of the martensitic layer
on the processing time for electrolytes based on
glycerol and sucrose. The obtained dependences
correspond to a constant concentration of carbon
on the surface of the sample. This fact indicates
a rather rapid adsorption of carbon on the treated
surface, which is one of the advantages of PEC.

18000 +
16000
14000 T
12000 T

The influence of the temperature of the PEC on the
diffusion coefficient of carbon is quite standard
for electrolytes containing glycerol or ethylene
glycol (Fig. 3). The exponential dependence for
other solutions is less pronounced, which may be
associated with the growth of the oxide layer and
its uncontrolled destruction.

glycerol

r
- sucrose

- -

g 10000 T
e 8000 T -
6000 T e
4000 T A
./f' .
2000 T g~
0 -
0 100

1[s]

400

Fig. 2. The dependence of the square of the thickness of the martensitic layer on the processing time
at 1000 °C in glycerol and sucrose electrolytes

Puc. 2. 3aBUCUMOCTD KBaJ[paTa TOJIIIMHBI MAPTEHCUTHOTO CJI0sI OT BpeMeHu o0padotku mpu 1000 °C
B IJIMIIEPUHOBOM U CaxapO3HOM 3JICKTPOIHUTAX

2,5 T .- glycerol
2,0 + m...
1,5 +

1,0 4+

In(D)

05T
0+
-0,5 T

-1,0 T

., cthylene glycol

7,5 8,0

8,5

UT[104K"]

Fig. 3. The dependence of the coefficient of carbon diffusion on the temperature of the PEC in glycerol
or ethylene glycol electrolytes

Puc. 3. 3aBucumocts ko3 durnenTa mudy3un yriaepoaa OT TeMIIeparypbl IIEMEHTAITUN B TITHIICPUHOBBIX
WJTU DTUJICHTJTUKOJIEBBIX DJIEKTPOITUTAX
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The various carbon potentials of the studied
electrolytes are related to the boiling point of
carbon-containing components (56 °C for acetone
and 197 °C for ethylene glycol). We also note
their different densities, namely, 0.7920 g/cm3
for acetone and 1.1131 g/cm3 for ethylene glycol
at 20 °C. The boiling point of these components
affects the intensity of its evaporation into
the VGE. The lower boiling point of acetone
compared to ethylene glycol contributes to its
higher concentration in the saturating medium. In
addition, a lower density of acetone determines a
higher mobility of the molecules in the aqueous
solution, which also increases the rate of its
evaporation into the VGE.

The diffusion coefficients of carbon
substantially depend on the composition of the
electrolyte (Fig. 4). This fact is explained by the
different composition of the carburised layer.
The highest values of the diffusion coefficient
of carbon are reached with a minimum content
of oxides in the carburised layer, inhibiting the
transfer of carbon atoms. The diffusion coefficient
of carbon increases by about 3 times due to an
increase in the concentration of ammonium
chloride, which provides more intensive
anodic dissolution reducing the thickness of
the oxide layer. The growth of the oxide layer
with increasing temperature or saturation time,
as well as with a decrease in the concentration
of ammonium chloride are detected during the

15T
12
£ 91
g
(&)
S 61
=
3_
0_
0 1

processing of low-carbon steel in a solution
containing glycerol, ammonium chloride, and
ammonium nitrate [24].

Another confirmation of the inhibitory role
of the oxide layer is a decrease in the carbon
diffusion coefficient as the PEC duration
increases (Table 2). This trend is observed for the
electrolytes containing acetone, ethylene glycol,
ethanol and isopropanol, when the temperature of
the PEC is high enough for a significant growth
of the oxide layer. Such regularity is not revealed
in glycerol and sucrose solutions which may be
associated with the uncontrolled peeling off of
the oxide layer.

Conclusions

1. The thickness of the martensitic layer can
be used to estimate the diffusion coefficient of
carbon under conditions of plasma electrolytic
carburising with subsequent quenching in the
same electrolyte.

2. The estimates of the diffusion coefficients
of carbon in steel during anodic plasma
electrolytic carburising in various electrolytes
are obtained. The highest diffusion coefficient of
carbon reaches 2.3 - 10”7 cm?/s (900 °C, 1 min)
for an acetone-based electrolyte with minimal
oxidizing ability.

3. The possibility of accelerating carbon
diffusion by intensifying the anodic dissolution
of the outer oxide layer inhibiting carbon
diffusion is shown.

2 3 4

Fig. 4. The effective coefficient of carbon diffusion (10 (cm?/s)) at the anodic PEC in various electrolytes.
1 —10 wt.% glycerol and 10 wt.% ammonium chloride; 2 — 5 wt.% glycerol and 10 wt.% ammonium
chloride; 3 — 10 wt.% glycerol and 15 wt.% ammonium chloride; 4 — 10 wt.% acetone and 10 wt.%
ammonium chloride. The EPC temperature is 900 °C, the duration is 5 min

Puc. 4. DddexruBHbIil KOdQDuIHEHT TMPPy3Hn yrmepoaa (107 (cm?/c)) npu aHOTHOI eMEHTAIN
B PAa3IM4HbIX WeKkTponuTax. 1 — 10 mac.% mmnepuna u 10 Mac.% xnopux aMmmoHnus; 2 — 5 mac.% muneprHa
u 10 mac.% xmopuna ammonust; 3 — 10 mac.% mmunepuna u 15 mac.% xmopun ammonwst; 4 — 10 mac.% arerona
u 10 mac.% xmopun ammonwus. Temmnieparypa EPC cocrasmser 900 °C, mpogomKUTETEHOCTS 5 MUHYT.
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