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ABSTRACT

The study considers the possibility of improving the quality
and service life of reducing coatings by arc deposition and
modifying with natural additive bentonite clay. It has been
established that when the modifier is introduced into the fluid
bath during arc deposition, the phases and their interactions
change. Introduction of the modifying additive bentonite clay
significantly changes the crystalline lattice of the carbide
phases. The optical-mathematical method revealed the
absence of austenite and the pair interaction of ferrite-carbide
during modification. The maximum proportion of phases
corresponds to ferrite (33.8% - 2 times decrease) and
ferrite-austenite-carbide interaction (48.62% - 2 times
increase). The ferrite-austenite interaction increases almost 8
times during modification. The wear coefficient in this case is
2.2 times lower in comparison with the original steel 65G and
1.4 times lower in relation to arc deposition with only T-620
electrode.

Key words: bentonite clay, optical-mathematical method
modification, arc deposition, microhardness, coercive force.

1. INTRODUCTION

Popular edge tools (ploughshare, chisels, cultivator tines,
knives, blades, cutters, etc.), are used in soil cultivating
operations provide efficiency of machinery used in
agriculture. It is known that creating two-layer edge tools as a
rule surface-hardened with hard-alloy coatings is an effective
way to improve their wear resistance and soil tillage quality
[11[21[31[[4]- When soil properties are changed, the
conditions of the relative wear resistance of the same products
can be changed significantly [5][6][7]. This, accordingly,
affects the characteristics of the efficiency of new hardened
products usage. The generalized dependence of wear relation
with the level of acting specific pressures is considered in
study [8]. The coefficients of relative wear resistance of
different hardening materials used in coatings are achieved
more closely with the increase in the hardness of the
cultivated soil.
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For local hardening of the part surface in the wear areas it is
advisable to use various methods of hardening, namely, arc
deposition with piece electrodes or flux-cored wires [9],
flux-cored materials on induction installations, as well as
plasma [10] and gas-flame powders, wire [11][12].

Arc deposition with stick electrodes or wires can be as solid
coating over the entire surface, and locally (varying degrees of
locality). Studies [13][14][15] found that such arc deposition
proved to be better in operating conditions, with an
insignificant increase in soil resistance. Such hardening
sufficiently protects the base layer of the cutting tool metal
from wear.

The method of increasing the service life of cultivator tines
due to the combined three-layer formation of their working
surfaces has been revealed, namely: 1 - base - steel 65G; 2 -
hardened layer of steel 65G to the depth of 1,9 - 2,3 mm using
electric contact method of hardening [13], and the total hard
layer is 3,48 mm relatively to the original steel 65G; 3 -
additional hardening is performed by a special electrode
T-590 @5x450 mm and its wear resistance is 4,49 mm
relatively to the original steel 65G [16].

The method of restoration of parts subjected to increased wear
with arc deposition was considered in study [17]. It was
applied under a layer of flux obtained from ash wastes of
power generation after special processing. It is low-cost and
provides improvement of the required properties because it
includes alloying and modifying additives (V, Ti, Cu, Mn, Al,
Si). However, such modification technology is used for more
massive parts than the tools of agricultural machines -
cultivator tines with a thickness of 5.5-6 mm. This is due to
the fact that the use of such additional alloying requires
increasing and ensuring stable temperature of the fluid bath.
Restoring a part by this method will result in melting of the
cultivator share.

It is also known to use a modifying additive to improve the
quality and wear resistance by surfacing strips on the
cultivator tines to improve its properties and operational
durability [18]. For this purpose, during arc deposition
secondary raw materials are used such as detonation charge
from the disposal of ammunition, which has expired storage
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period. This modifying charge provides reduction of the
temperature of the liquid bath during surfacing due to the fact
that it contains a diamond fraction in the form of nano- and
dispersed inclusions, which are not dissolved and are
microcoolers. They reduce the heat-affected zone and
transition zone (up to 50%) and are preserved in the metal
during surfacing and are characterized by a lower exertion
level.

The disadvantage of using such a charge is that companies
don’t have the ability to consistently obtain such secondary
raw materials for modification, as well as the lack of devices
to control its composition.

The cheapest and most accessible coating can be a natural
product for modification - bentonite clay. There is a known
U.S. patent [19], according to which for the increasing of
wear resistance, such clay is introduced into the mating,
which forms a ceramic coating on the surface under friction.
It was decided to use the clay for modification during
surfacing based on these studies.

The purpose of the research was to investigate the possibility
of using natural raw materials - bentonite clay - to modify the
clad metal coating.

2. MATERIALS AND EXPERIMENTAL METHODS

The most effective modifying additive is bentonite clay with a
fine-grained powder fraction. Its influence on changing the
structural state of the surface of cultivator tines during
surfacing can contribute to an increase in wear resistance,
especially considering the fact that the components and their
compounds in it are in the soil with which these products
work and they are close in composition. When selecting such
a natural substance for the modification, it was assumed that
its admixture is available for usage and it includes increased
Si and Al content and these components are partially in
compounds with oxygen (SiO, and Al,Og3). In the particular
case under consideration, the chemical composition of
bentonite clay has, in percentage correlation: 1.65 Fe; 0.25 K;
0.15 Ca; 0.06 S; 0.2 Mn; 54.88 Si; 32.42 Al; 0.3 Na; 0.2 Mg.

Considering the fact that the most effective modifying
additive of such admixture, which is 5-7% of the electrode
share, it will be as follows, in percentage correlation: 0,10 Fe;
0,02 K; 0,01 Ca; 0,004 S; 0,012 Mn; 3,3 Si; 1,95 Al. With a
decrease in the share of its addition in the coating, the effect of
modification is significantly reduced, because the carbide
phase in the arc deposition is not evenly crushed, as well as
the grain size changes only in local areas. The increase in the
share of admixture (> 10-12%) leads to the appearance and
growth of complex nonmetallic inclusions, which reduces the
quality of the coating. In this case, micro-hardness
inhomogeneity also occurs.
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To decide the efficiency of this modification, the structure of
the deposited coating was studied using a JSM-6390 LV
scanning electron microscope with an INCA Energy 350
X-ray analysis system to obtain the thermos-electron emission
of individual inclusions and their distribution in the coating.
The micro-hardness was evaluated with a UIT-HVmicrol
hardness tester model.

The obtained images were analyzed using previously
developed approaches [20][21]. Each image of a structure in
the digital .bmp format was divided into fragments of 3x3
pixels and their variability was analyzed depending on the
location. In each flow of the metallographic image with
coordinates (x, y), a conditional color was determined, given
by the value of the Laplacian function (1), by means of which
energy dissipation was described [22]:

’C(x.y) , *Cx.y)
8X2 ay2

In the finite-difference representation, the function C(x, y)
had the form of the matrix C;; of size 3 x 3 pixels:

L(x,y)=AC(x,y)= (1)
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This matrix was processed by sequential scanning and each
pixel was evaluated by setting it with a color point inside a
fragment of a given size. A pixel of the image (with a central
value C; j, where | and j are the row and column numbers,
respectively) was chosen as coordinates. The finite-difference
representation of diffusion processes was estimated using the
Laplacian (3) for each point of the analyzed image fragment,
which had the form:

Ac A
M 0
= Lij =G j1tC TG tCy;— 4Ci,j

where a coordinate step on the digital image Ax= Au=1. The
variability estimated in a particular point of the selected
image fragment was given by the ratio of the number of
coincidences of the conditional color of the middle point
relative to the points around it.

3. RESULTS AND DISCUSSION

Arc deposition coatings in both cases form a martensite
structure [23] (Figure 1). Figure 2 shows the composition of
inclusions in which an increased content of Cr, Mn, Si and
oxygen was detected. Individual components and inclusions
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of C, Al,O3, Ca were detected in them. This distribution of
components was also evaluated by thermos-electron emission
method.

s

Figure 1: The formed structure during arc deposition: a — with
electrode; b - with additional modification with clay

To use this modifying additive it was dried at t = 240°C and
then milled in a ball mill to a grain size of 40-50 microns for
2 hours. After that, glue was added to the powder, stirred and
applied to the electrode, dried at t = 180°C, and then used to
form the coating by arc deposition. It is established that such
technological process of modification provides the change in
structure formation. The carbide phase is crushed, it is
distributed more evenly and its share increases by 30%, the
transition zone and thermal influence decrease by 40 and 30%
respectively, and the degree of penetration of thin-walled
cultivator tines decreases and is only 60%, while without
modification with clay its damageability is noted.

Microhardness also changes slightly due to such modification
(Figure 3). It was established that irrespective of
measurements direction - crosswise or longitudinal (was
estimated on diagonals of prints) at optimal modification
microhardness is more uniform and changes in coating from
H-50-671,6 (matrix) and to H-50-1193,9 (carbides), and
without modification from H-50-686,1 to H-50-1283,3
respectively. The high level of microhardness in an initial
condition of a covering (without modification) corresponds to
a transition zone and is connected with that contains the most
part of rough inclusions of a carbide phase in this variant and
defines change of indicators, and also depends on exertion
level. The total share of the crushed carbide inclusions
increases with clay modification (Figure 4). Their share
increases by 20 % due to decrease of fluid bath temperature
during coating with modifying additive. We analyzed the
composition in the hardened, reduced layer and evaluated the
local distribution of components included in the modifying
additive and T-620 electrode (chemical composition, in
percentage correlation: 3.0 C; 2.2 Si; 1.2 Mn; 22.5 Cr; 0.7 Ti;
0.8 B; 0.03 S).

It is found (Figure 5) that carbon, Ti, Ca, Al are distributed
quite evenly, Cr is detected only in the structurally free
carbide phases, and Mo, Mn in the matrix phase. The largest
share of Si is concentrated in the matrix phase, and this
component is also distributed in the more massive inclusions
of chromium carbides (divides them into separate fragments
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and they become thinner). Iron is not detected in chromium
carbides, so they can be attributed to inclusions Cr;Cs
(eutectic), and matrix to Cry3Cs. The distribution of oxygen is
heterogeneous, but, as shown by local spectral microanalysis,
its share does not exceed 15.98%.

Mn Ka1

Mo Lat
Figure 2: Composition of inclusions when clay is added to the arc
deposition. Thermo-electronic emission

TiKai
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Figure 3: Change of microhardness according to the depth of
coating: a - with electrode T-620; b - with additional input of
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Figure 4: Arc deposition structure modified with clay, x200

It was also necessary to establish the strength of the
connection between the coating and the base metal in order to
use such a modifying additive. The evaluation was carried out
using the microhardness measurement method, where it was
shown that a load of even up to 1 kg on the indenter did not
contribute to the damage of the connection. This can be
explained by the fact that during modification the stresses in
the boundary transition layer of the coating also decrease.
Table 1 shows the results of bench wear tests, which show that
the wear coefficient is 2.2 times lower in comparison with the
original steel 65G and 1.4 times lower in relation to arc
deposition with only electrode T-620.

The formed microstructures were analyzed comparatively
using the optical-mathematical method, which were
described in the digital format .bmp. The variability of color
tints from 0 to 255 was distinguished. The phases were
divided into four groups with 16 intervals (conventional
colors). The conventional colors were taken as follows: 01-09
- ferrite, 10 - bainite, 11-16 - carbides (Table 2).

It follows from the data obtained that additional modification
of the fluid bath with clay shows differences in crystallization
of the share of ferrite phases, the share of bainite component
increases as well as carbides of non-stoichiometric
composition Nel12-14,
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Figure 5: Distribution of components in the coating modified with
bentonite clay
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Table 1: Wear resistance test under abrasive conditions
No . . Wear s g
Strengthening option g | =
n/a JTenma op rate g8 | |& |8 |8
1 Initial material cultivator tines steel 65G 1.0 % § é ° S ‘_E_ 3 é
. N =2 © o
2 | Arcdeposition with T-620 electrode 0.62 E 8 | B X ! = « g
3 | Arc deposition with T-620 electrode with | 0.45 § g - e g a
additional modification of bentonitic clay (‘,)3 g ®
(5-7%)
Figurela | 73. | 35. | 39. | 129. | 214. | 411. | 70.
Table 2: Number of colors corresponding to 16 intervals, in 0 4 2 7 2 0 4
percentage correlation Figurelb | 86. | 37. | 41. | 134. | 228 | 426. | 73.
1 2 3 4 5 6 7 8 9 9 7 7 6 6
Fig. la | 12. 17. 10. | 10. 10. | 10. | 09. | 08.
. 7 9 2 5 0 3 7 6 Continuation of table 3
Fig.1b | 17. | 08. | 11. | 06. | 06. | 11. | 08. | 06. Average functions 2 with values more than 255
5 1 6 3 1 4 8 6 . . 3rd 4th
9 10 11 12 13 14 15 16 Image Divergence Laplacian Laplacian Laplacian
Fig.1a | 01. | 01. | 04. | 00. | 01. | 00. | 00. | 0O. Figurel a 82.5 138.8 224.8 420.9
7 4 3 7 4 4 1 0 Figurel b 86.9 145.0 234.2 437.2
Fig.1b | 07. | 06. | 03. | 02. | 02. | o1. | 00. | ooO. Average functions 3 - average color relations
6 | 0o | 8 |0 | 4|7 |1 =
D o c c c 3
o N ¢ e e e c
Average neutrality was also revealed from the images (see & 2| & 28 = & S
Figure 1). Various methodological approaches were used to E eL| & & g 2
evaluate the Laplacians and divergence, average structure o - - - a
homogeneity, and various _functlons (Tables_s and 4), which Figure L a 14 50 8.2 16.0 27
can m_ost fully c_haracterlze _the fe_atures in the structure Figure 1 b 13 45 70 135 24
formation of the different coating options that were compared
durtlrllwgda:c depocsjltloqbwclithm:jt ;n_old_lflczzagor;.ngf ez\galuzz;uon The given calculations in Tables 3 and 4 make it clear that the
methodology is described in detail in [20][21][24][25][26] analyzed parameters do not contribute significantly to the
. . . structure formation with additional clay modification. Then,
Table 3: Generalized structure of the whole image (without L .
S . the content of phases and their interaction were analyzed
grouping into 16 intervals)
Average neutrality (Table 5).
[%2]
S d S E 9 S S 3 Table 4: Generalized structure formation of the whole image
S 2 3 RS g -8 S S é_’ (grouped into 16 intervals)
> 2883585438 | Yo | 5 Average neutrality
o] © Jd © © g @ @ S
£ 4 F ad=H - - 5 - c -
- - = c »
c .8 © ®© o 8 @
Figurel a 0.784 | 0.777 | 0.644 | 0.610 | 0.872 @ .g ‘g S E & & §
Figure1lb 0.768 | 0.760 | 0.628 | 0.597 | 0.855 g %_ 2 | 85 il% & g
(*) Note: the Laplacian at an angle of 90° characterizes relatively to - s 2 o2 ;9 — E‘ =
its main function - anisotropy. 8123 | & ESS o
Average homogeneity .

Image By rows By columns Figurela | 0.792 | 0.788 | 0.659 | 0.627 | 0.816
Figure 1 a 0.649 0.633 Figurelb | 0.774 | 0.768 | 0.641 | 0.614 | 0.795
Figure L b 0.670 0.651 Average homogeneity

Average functions 1 _Image By rows By columns
Figurela 0.782 0.771
Figurelb 0.802 0.790

Average functions 1
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€
S | o
2 51 8| 2(S5| 8| 8|68
I o | T |3 S [ o o
£ S| 7T N | & © @ o
o o - e = [a)
c ) j - )
< c (90 <
bp] <5}
o
Figurela |48 |21 |23 |78 128 |246 |4.2
Figurelb |56 |22 |24 |78 129 |248 |43
Average functions 2 with values more than 255
Image D|ve£genc Laplacian | 3rd Laplacian | 4th Laplacian
Figure1a 16.6 18.5 23.7 35.1
Figure1b 16.2 19.5 24.7 36.0
Continuation of table 4
Average functions 3 - average color relations
o ©
@ e 8 g &| g
g S| & |E8|E8| ©
S L ® o SCEST N o ©
- S5 (5] (5] (5] >
& - - - a
Figure 1 a 0.5 1.8 3.0 5.6 1.0
Figure 1 b 0.5 1.6 2.6 5.0 0.9

Table 5: Percentage of phases in cells 3 by 3 (image Figure 6)

First image Second image Phases and
(Figure 1 a) (Figure 1 b) their
interaction
71.2756776691868 | 33.8004794394247 | Ferrite
0 0 Austenite
0,60040567951318 | 1.75622349253181 | Carbides
5
2.31901161718606 | 15.6946339664392 | Ferrite -
austenite
0.89028213166144 | 0.12391665130001 | Austenite -
2 8 carbides
7.37599114881062 | O Ferrite -
carbides
24.9138853033376 | 48.6247464503043 | Ferrite -
austenite -
carbides

648

Figure 6: Formed phases during arc deposition: a - with electrode;
b - with additional input of bentonite clay

Processing the results of this table by scanning a 3x3 pixel
cell revealed only two separate ferrite and carbide phases.
There is no austenite and pairwise ferrite-carbide interaction
in the modification. The maximum proportion of phases
corresponds to ferrite (33.8%) with different carbon content
and ferrite-austenite-carbide interaction (48.62%). When the
clay is modified, the ferrite-austenite interaction increases
almost 8 times. The fraction of ferrite phases decreases twice,
but the interaction ferrite-austenite-carbides increases twice.

The color combinations are close to each other. At the same
time, the percentages of phases are different. This indicates
that next to the 3 by 3 cell, there is another cell with a different
phase, and there are quite a few such different pairs.

In this paper, the colors are indicated (see Figure 6): black
ferrite is phase number 1 for all 9 points of the 3 by 3 pixels
cell; the second phase - austenite for all 9 points is absent;
blue is the third phase carbide in all nine points; green is
phase number 4 - ferrite-austenite; yellow is phase number 5 -
austenite-carbide.

The ferrite-carbide phase connection number 6 is missing in
both image; red is the ferrite-austenite-carbide phase
interaction number 7.

Based on the data in Table 5, we can assume that the
introduction of the modifying additive bentonite clay will
significantly change the crystalline lattice of the carbide
phases. In a number of cases, metallographic studies revealed
separation  of coarse  needle-like  carbides  of
non-stoichiometric composition into thinner ones formed
during crystallization, as well as their more intensive
crushing. The proportion of such carbides increases 2 times
during modification. Bentonite clay creates a complex
crystalline structure.

The effect of introducing bentonite clay into the arc
deposition on the change in the stress-strain state according to
the coercive force was analyzed [27]. For this purpose,
measurements were carried out on a new cultivator share and
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after arc deposition the rolls hardening the working surface
according to the previously proposed scheme [18]. Analyzing
the data obtained (Table 6), the following is observed: arc
deposition reduces the level of coercive force by 26-42%, as
well as the ratio of phases and their tines (see Table 5).

Table 6: Changes of the coercive force on the compared Tiger Mate
I tines before and after hardening

sample Measurement reference number

1 2 3 4 5 6 7 8 9
New tine | o, | 192 | 187 | 1806 | 177 | 179 | 179 | 133 | 180
top (tip)
After
hardening | 20.2 | 19,7 | 220 | 122 | 131 | 127 | 118 | 93 | 121
top (tip)
After
hardening | o | 205 | 209 | 149 | 140 | 125 | 118 | 127 | 106
bottom
(fenders)
sample Measurement reference number

0 1| » B | 14 ] 15 ] 16 ] 17 | 18
New tine | 4,5 | 184 | 1006 | 195 | 201 | 209 | 137 | 144 | 181
top (tip)
After
hardening | 153 | 11.0 | 11.1 | 207 | 196 | 208 | 116 | 160 | 157
top (tip)
After
hardening | 151 | 123 | 130 | 200 | 197 | 186 | 123 | 189 | 200
bottom
(fenders)

This can significantly change the process of wear and
deformation of cultivator tines. The technical field tests
carried out under production conditions showed an increase
in wear resistance of the modified coatings by 2.2 times. At
this stage of the research, testing of the coating technology in
the field has started and there are already positive results.

4. CONCLUSION

Based on the obtained results of modifying the restorative
coating with a natural component - bentonite clay, it is
characterized by increased properties, which allows to
significantly reduce the costs of using modifiers in
production. Such a charge is available for usage by small
enterprises when restoring parts, especially those who work
with soil.

The proposed technological process of modification provides
a change and structure formation, the carbide phase is
crushed and distributed more evenly and its proportion
increases by 30%, the transition zone and thermal influence
decreases by 40 and 30% respectively, and the degree of
penetration of thin-walled cultivator tine decreases and is
only 60%.

At optimum modification with 5-7% bentonite clay
microhardness is more homogeneous and varies in coating
from H-50-671,6 (matrix) and up to H-50-1193,9 (carbides).
Technical field tests determined that the wear coefficient is
2.2 times lower compared to the original steel 65G and 1.4
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times lower in relation to arc deposition only with electrode
T-620.

The description by the optical-mathematical method revealed
the absence of austenite and the pairwise ferrite-carbide
interaction during modification. The maximum fraction of
phases corresponds to ferrite (33.8% - 2 times decrease) and
ferrite-austenite-carbide interaction (48.62% - 2 times
increase); the ferrite-austenite interaction increases almost
8-fold with modification.

Introduction of the modifying additive bentonite clay
significantly changes the crystalline lattice of carbide phases.
Metallographic studies revealed the separation of lancets of
non-stoichiometric carbides into thinner ones formed during
crystallization, as well as their more intensive crushing. The
fraction of such carbides during modification increases by 2
times.

It was found that arc deposition with additional modification
of the fluid bath with bentonite clay reduces the level of
coercive force by 26-42%.
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