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INVESTIGATION OF DEPENDENCE OF HARDNESS OF GRAIN-FERTILIZER-
GRASS SEEDER CHISEL ON CHEMICAL COMPOSITION OF THE CLAD LAYER

This research work considers the comparison of composite complex alloys
as an electrode for hardening of the working body of the seeder — chisel. The task
of hardening is to increase the hardness of the material, contributing to the
reduction of abrasive wear during the impact of the working body with the soil.
According to the results of microstructural analysis of experimental samples were
revealed that the initial microstructure with coarse-grained pearlite, surrounded
by ferrite after hardening the size of martensitic needles decreases. Measurement
of hardness on the Vickers scale allowed to obtain a graphical dependence of
hardness on the chemical composition of the alloy, and it was found that the
hardness of cladding with electrode T590 with four component alloy Cr25Si2MnB
has the highest value of 548+815HV. Due to the presence of nickel (CS-1) in the
composition in compositionally complex alloys, the cost of the hardened part is
more expensive, so it was recommended to replace with a four component boron-
based alloy (T590).

Keywords: Microstructural analysis, hardened steel, complex alloys, chisel
opener, grain—fertilizer—grass seeder.

Introduction

Compositionally complex alloys consisting of three or more basic elements, often
referred to as high entropy alloys have received considerable attention in mechanical
engineering in the last few years. Examples of such alloys are Cr25Si2MnB and Cr28Ni4Si4,
and there are other five alloy components like CoCrFeMnNi, which show a significant
increase in yield, strength and ductility with decreasing temperature [1].

Many authors [2; 3; 4; 5; 6] have studied the effect of chromium on the mechanical
properties of parts. However, the effect of composite complex alloys on the mechanical
properties, such as abrasion resistance, of parts especially working bodies of agricultural
machines has not been studied.

Four-component alloy Cr25Si2MnB has boron in its composition, which is a unique
micro alloying element. This chemical element is able to affect the properties of steel in ultra-
low concentrations (hundredths and thousandths of a percent). The use of boron as a micro
alloying additive is due to its positive effect on many of the resulting steels [7]. And in
composite complex alloy Cr28Ni4Si4 contains alloying element nickel, which increases
corrosion resistance, strength and ductility, but it is an expensive metal, so it is replaced by a
cheaper one. Recommended hardnesses from manufacturers of Cr25Si2MnB -57+63 HRC,
and for Cr28Ni4Si4 - 53+57 HRC.

This paper deals with the comparison of composite complex alloys as an electrode for
hardening of the working body of a seeder - the chisel. The purpose of hardening is to
50


mailto:ms.kossatbekova@mail.ru
https://bsatu.by/ru

HAYKA N TEXHUKA KASAXCTAHA.
elSSN 2788-8770. Ne 1, 2024

increase the hardness of the material in order to reduce abrasive wear when the implement is
exposed to the soil.

The purpose of this study is to reveal the dependence of hardness of chisels of grain—
fertilizer—grass seeders made of 65Mn steel and different hardening methods on the chemical
composition.

The aim of the research is to increase the wear resistance of anchor chisel openers of
grain-fertilizer-grass seeders by substantiating the rational method of their surface hardening.

Hardened samples, microstructural studies and hardness measurement were carried out
on the basis of laboratories of the department of "Technological machines and equipment" at
S.Seifullin KATRU.

Materials and methods

Samples of chisels of openers of grain-fertilizer-grass seeders [8; 9], made of structural
spring steel 65Mn, which has increased strength, toughness and resistance to wear, high
resistance to small plastic deformations and relaxation resistance, has a sufficiently high
hardenability, relatively low cost [10], were used for research.

Sample 1 — clad with T590 carbide electrode, sample 3 — HFC-hardened, sample 6 — clad with
CS-1 sormite, sample 7 — typical (factory) heat treatment method
Figure 1 — Tested samples for microstructures and microhardness determination, hardened by
different methods.

To determine the microstructural analysis and the influence of chemical composition on
microhardness, chisel samples hardened by the following method were selected: typical
(factory) heat treatment method (Figure 1, sample 7), HFC-hardened at temperature within
800 - 820°C in hardening medium - in oil (Figure 1, sample 3), clad with T590 carbide
electrodes (Mn 1,0-1,5%, Si 2,0-2,5%, C 2,9-3,5%, P < 0,04, S < 0,035, Cr22,0- 27,0,
B 0,5-1,5) of E-320Cr25Si2MnB type (figure 1, sample 1) and CS-1 (Sormite No.1) of E-
300Cr28N4Si4 type (Cr=27.5%, Ni=2.98-4.0% and Si2.0-4.0%) with a diameter of 5.0 mm
(Figure 1, sample 6).

Microstructural analysis. Microstructural analysis of experimental samples of the
coulter working organ was carried out.
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Figure 2 — Machine for preliminary grinding of metallographic specimens

Polishing of the specimen surface was performed with SOI paste manually and
afterwards on the M-2 Pre-grinder machine (Figure 2) using a cloth in the machine for
preparation of metallographic slides. To reveal the microstructure, the microslides were
etched with tsar vodka in the proportion of 3 parts of hydrochloric acid and 1 part of nitric
acid, aged for 20-30 hours before use.

A Biomed MMR-1 microscope (Figure 3), which has a magnification range of 40 to
1250x%, was used for microstructural analysis.

Figure 3 — Biomed MMP-1 microscope

Vickers hardness measurement. Hardness tester MET-U1A (Figure 4a) is designed
for local measurement of hardness of various products by ultrasonic contact impedance (UCI)
by Brinell (HB), Rockwell (HRC), Vickers (HV), Shore "D" (HSD) scales.

At the moment of measurement with an ultrasonic sensor, a constant vertical force is
provided on the sensor body (at least 1.5 kg for 3-4 seconds) until a sound signal is sounded
(Figure 4b).
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a) Portable ultrasonic hardness tester b) Vickers hardness measurement process
MET-U1A

Figure 4 — Vickers hardness measurement

Results and discussion

Microstructural analysis. Metallographic analysis showed that in the initial state the
surface of steel 65Mn consists of ferrite and lamellar pearlite, cementite (Figure 5). Figure 5,b
gives the microstructure of the diffusion layer of samples of steel 65Mnafter heat treatment,
where it can be seen that in the structure of the cross section of steel 65Mn after surface
hardening on the surface is observed dark-etched hardened layer of martensitic structure and a
layer of thermal influence. After heat treatment the formation of martensite grains is observed,
along the boundary of which there are small particles of carbides of alloying elements.

a) before etching b) after etching

Figure 5 — Microstructure of diffusion layer on 65Mn steel by factory technology (sample 7)
The initial microstructure of the specimens before hardening was a coarse-grained

pearlite surrounded by ferrite (Figure 6), with uniform grain diameter. After hardening with
T590 wire and Sormite, the structure is significantly refined.
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a) before etching b) after etching

Figure 6 — Microstructure of diffusion layer of 65Mn steel after heat treatment (sample 3)

x100 x100
a) after hardening with T590 wire b) after hardening with Sormite

Figure7—Microstructure of diffusion layer of 65Mn steel samples after hardening

x100
a) before etching b) afteretching

Figure 8 — Cladding boundary microstructure Sample 1 before and after etching

The size of martensite needles decreases, the sormaites have larger martensite needles
(Figure 7, b), and the surface hardened with T590 wire has finer needle martensite, which is
formed in the diffusion layer due to secondary cementite and pearlite cementite in the
structure (Figure 7, a).

Figures 8 and 9 show photos of the microstructure of the cladding boundary before
and after etching of sample number 1, the light part is 65Mn steel and the dark part is
hardened T590. Small particles of chromium, manganese, silicon and boron carbides can be
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seen on the boundary. In the figure 9 light part belongs to steel 65Mn, dark part — hardened
T590.

x100 x100
a)after etching 30 seconds b) after etching 1 minute

Figure 9 — Microstructure of Sample 1 after 30 sec and 1 minute in tsar vodka

For most steels with a large amount of carbon, especially spring-spring steels, it is
recommended to carry out the etching process in several stages in order to obtain bright
structures, so during the experiment the samples were etched first for 30 seconds, then for 1
minute. The results show that the martensitic structure with pearlitic base is clearly revealed
after 1 minute etching in tsar vodka.

Hardness measurement. Local hardness measurement of these specimens (Figure 1)
by MET-U1A hardness tester (Figure 4a) by dynamic ultrasonic contact impedance (UCI)
method on Vickers scale (HV) was performed with 20 repetitions and the experimental results
are summarized in Table 1.

The results show that the microhardness of bit number 1 on Vickers scale varies
between 815+548HV, sample 3 — 391+112HV, sample 6 — 657+305 HV and sample 7 —
333+100HV. Consequently, sample 1, clad with T590 carbide electrode has almost 2.5 times
more hardness than sample 7. At the same time, HFC-hardened sample number 3 has almost
similar hardness measurement results with sample 7, heat treated according to the standard
method. And the sample numbered 6 clad with CS-1 Sormite has 1.2 times less hardness than
sample 1, but almost 2 times more hardness compared to sample 7.

The chemical compositions by the GOST of the selected samples indicate that the high
values of chisel hardness from the Vickers measurement results (Table 1) depend on the
complex composition of the clad layer. The electrode based on Manganese-Silicon-Boron-
Chromium has the highest readings than in the electrode based on Manganese-Silicon-Nickel-
Chromium with low chromium content, i.e. T590 has 22,0+27,0% chromium, while CS-1 has
25,0+31,0% chromium.

Table 1 — Hardness measurements of experimental specimens on the Vickers scale, (HV)

Experience number Sample 1 Sample 3 Sample 6 Sample 7
1 815 243 382 308
2 790 356 305 164
3 736 229 557 228
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4 624 183 466 331
5 548 359 385 237
6 775 223 555 149
7 679 320 657 287
8 733 245 520 206
9 724 289 560 169
10 598 391 474 180
11 575 138 380 126
12 763 118 613 105
13 628 153 584 147
14 661 178 359 133
15 709 154 523 117
16 644 320 577 167
17 740 112 518 331
18 739 185 649 333
19 709 135 494 327
20 713 149 534 100

The content of alloying elements in steel 65Mn is 1.76+2.46%, in T590 electrode -
28.47+36.07% and in CS -1 electrode - 34.3+44.6%. Taking into account the data of
measurement experiments and the total percentage of alloying elements in the composition of
electrodes, it is possible to construct a graph of dependence (Figure 10) in Mathlab of only
two samples 1 and 6, since during HFC hardening of the material (sample 3), the composition
of alloying elements remains the same as in the original sample 7.
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Figure 10 — Graph of surface hardness dependence on alloying elements composition

According to the graph of dependence (Figure 10) it is possible to confirm that despite
the high content of alloying elements in the alloy is of great importance, for example, having
in its composition boron hardness in the electrode T590 is greater than that of sormite, which
contains expensive metal nickel in its composition.

As a result, from Table 1 and Figures 1-10 it can be noted that the sample No.1,
hardened full working surface by surfacing of T590 electrode, is resistant to abrasive impact
due to hardness 815HV and uniform martensitic-perlitic microstructure.

Conclusions

1. According to the results of microstructural analysis of hardened samples, it was
found that the samples hardened by surfacing with T590 and Sormite electrodes, as well as
heat-treated samples have secondary cementite and pearlite cementite in the final structure,
which increase the hardness of the material.

2. The composition of alloying elements in composite complex alloys, especially
boron and nickel, significantly affects hardness. However, the presence of nickel (CS-1)
increases the cost of the hardened part, so it is recommended to replace it with a four
component boron-based alloy (T590).

3. T590 clad with carbide electrode has almost 2.5 times more hardness 815+548HV
than sample 7, heat treated according to the typical method. The HF-hardened sample has
almost similar results of hardness measurement with sample 7, 391+112HV and 333+100HV
respectively. And the sample clad with CS-1 sormite has 1,2 times less hardness (657+305
HV) than T590, but almost 2 times more hardness of comparisons with sample 7.

4. As the most optimal method of bit hardening in coarse abrasive environment for
production conditions and agricultural enterprises it is possible to recommend surfacing of
working bodies of seed drill coulters with T590 electrodes instead of typical factory heat
treatment.

Funding. The research was funded by the Ministry of Education and Science of the
Republic of Kazakhstan, the project AP05134800 «Development of automated grain-
fertilizer-grass seeder for differentiated direct sowing of crops under cover crops and in turf
with simultaneous application of mineral fertilizersy.
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ACTBIK-THIHAUTKBII-IIOI CENKIll KAIAYbIHbIH KATThLIbIFBIHbIH
0aJKBITHLIFAH Ka0ATThIH XMMUSUIBIK KYPAMbIHA TIYeJIVIITiH 3epTTey

byn 3epmmey owcymvicer  cenKiwimiy OHCYMbIC OpPSAHBIHGIY, CIHIPYUL
KAuayblHblY, KAMMbLIbIEbIH ApMmMslpyoad 31eKmpo0 mypiHoe2i KOMNOUYUATbIK
Kypoelni KOpblmnaiapovl CalblCmulpyovl Kapacmulpaovl. Kamaumy mindemi -
MONBIPAKNEH JCYMbIC OpP2aHbIHbIY 2CepiHeH abpa3uemi mo3y0bl aszaumyed
KOMeKmecemin Mamepuanovly KAmmblibleblh apmmulpy. IKcnepumenmmik
yaeinepoi MUKpPOKYPOLIBIMObIK Manoay Hamudicenepi 0OoublHwa ¢heppumnen
Kopwianzan —ipi  myuipwixmi nepaumi 6ap 6acmankbl  MUKPOKYDLIbIM
KamaumolieaHHAH  KeUiH  MapmeHcum  UHeNepiHiy  Menulepi  a3asmvlHbl
ambiKmanovl. Bukepc wikanacel 60tibiHWa KAMMbLIbIKMbL O1UeY KAMMbLILIKIMbIH
KODbIMNAHBIH, XUMUSANBIK KYPAMbIHA 2PADUKATBIK MAYelOiNiciH any2a MyMKIHOIK
bepoi, mepm komnonenmmi X25C2I'P kopvimnacwr d6ap T590 s1ekmpoovitbly
bemki KammolibleblHblY el YaAkeH MoHi 548+815HV ekenin anvblKmanowi.
Komnoszuyusnwix  kypoeni  kopwimnanapoa  Hukenvoiy  (L{C-1)  6onyvina
batinanvlcmovl Kamaumslizan 001ueKmiy KYHbl KbIMOAMulpax, COHObIKMAH 00p
HezizinOe2i mopm kKomnonenmmi Kopvimnaza (1590) ayvicmuipy ycbinbliobl.

Kinmmi ce30ep. MukpokypulibimObly manoay, Kamaumsiigan Oonam,
KypOoeni Kopelmnanap, CiHipyuli Kauiaybsl, ACMulK-MulHAUMKbIU-UON CeNnKili.
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HccnenoBanue 3aBUCMMOCTH TBEPAOCTH /10J10TA 3¢PHOTYKOTPaBSIHOH
CeslJIKH 0T XMMHYECKOI0 COCTaBa HAIVIaBJIECHHOIO CJ1051

B Oanmnoti uccnedosamenvckoll pabome paccmampugaemcs CpasHeHue
KOMNO3UYUOHHO CIOJMCHBIX CHIAB08 8 Kauecmee JJeKmpooda Ol YHPOUHEHUs.
pabouezo opeana cesnKu - 00A0MA COUWHUKA. 3adauell YNpoOuHeHUs S6Jsemcs
yeenuyeHue — meepoocmu  Mamepuaid, — CHOCOOCMBYIOue20  CHUNCEHUIO
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abpaszusHoeo usHoca npu Bosdelcmseuu paboueeo opearna ¢ noysou. Ilo
pe3yibmamam MUKPOCMPYKMYPHO20 AHANU3A IKCHEPUMEHMANIbHLIX 00pa3yos
ObLIU  6bIAGNEHBI, UMO UCXOOHAS MUKPOCMPYKMYPA C KPYHHO3EPHUCHBIM
NepPAUMOM, OKPYIHCEHHbIU heppumom nocie ynpouHeHus pasmep MapmeHCUmHbIxX
uen ymenvwaemcs. HMszmepenue meepoocmu no wkane Bukkepca nossonuno
ROMYYUMb 2paAdUUEecKyro 3a8UCUMOCIbL MEepOOCmU OM XUMUYECKO20 COCmasa
Cnasa, npu SMomM YCMAHOBIEHO, Ymo meepoocms Haniasku snekmpooom T390 ¢
yemvlpex Komnonenmuvim cniagom X25C2I'P umeem naubonvulee 3HaAUEHUE
548+815HV. U3-3a npucymcmeus 6 cocmage nuxens (L{C-1) ¢ komnosuyuoHHo
CHIOJCHBIX CHIABAX CMOUMOCMb YNPOYHEHHOU Oemanu noayiaemcs 0opodice,
nO3mMoMmy Oblla PeKOMEHOO0BAHA 3AMEHA HA YeMblPEXKOMNOHEHMHbIN CNIa8 Ha
ocHose oopa (T590).

Knrouesvie cnosa. Muxkpocmpykmypuulii anaius, ynpouHeHHAs CMATb,
CIIOJICHBLE CNIIABBL, 00JIOMO COUWHUKA, 36PHOMYKOMPABAHAS CESIKA.



