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Abstract

In order to investigate the differences in the microstructure and properties of 33MnCrB5
steel for high-speed plows after quenching. In this study, a heat treatment process with
different quenching temperatures was applied to 33MnCrB5 steel, and the differences in
microstructure and mechanical properties of 33MnCrB5 steel under this process were
investigated. The results show that the microstructure of 33MnCrB5 steel in the original
hot-rolled state mainly consists of a banded microstructure with alternating distribution
of ferrite and pearlite. Different from the hot-rolled state 3MnCrBS5 steel, the quenched-
tempered 33MnCrB5 steel is mainly composed of small and uniformly distributed slate
martensite, with an average grain size distribution in the range of 6.6 pm~7.0 pm, which
is significantly lower than that of the original hot-rolled state 33MnCrB5 steel (13.26 pm
and 13.29 pm). The results of mechanical property tests showed that when the
quenching temperature was in the range of 820 C to 880 T, the Rockwell hardness of
33MnCrB5 steel is not much different, and its elongation gradually decreased. The yield
strength and tensile strength do not change much, and when the quenching temperature
reaches 910 T, the yield strength and tensile strength decrease significantly. When the
quenching temperature is 850 C, the yield strength and tensile strength of 33MnCrB5
steel are the highest, which are 1555 MPa and 2001 MPa, respectively. The above
research results are expected to provide a reference for the optimization of the heat
treatment process of 33MnCrB5 steel used in high-speed plows.
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1. Introduction

According to the calculation, when the speed of high-speed plough reaches more than 10 km/h, the
economic benefit of cultivated land operation can be maximized [1,2]. Therefore, high-speed plow
has been widely used in large-scale cultivation operations. As the core soil touching parts of high-
speed plows that mainly play the role of soil crushing and soil turning, the plow shovel tip, plow
shovel and grill and other parts are mainly subjected to high-speed impacts and intense friction from
the soil, gravel and root mass in the service process, and the form of failure is dominated by abrasive
wear and accompanied by impact fracture failure [3-5]. According to incomplete statistics, in the
common failure cases of agricultural machinery, wear as a form of failure accounted for more than
80% of the cases [6], and the failure caused by the wear and failure of the earth-touching parts of the
plough body accounted for more than 50% [4].

The strength and wear resistance of the material are important factors affecting the speed of high-
speed ploughing operation. In the early days, domestic and foreign high-speed plow steel with 65Mn
steel, but 65Mn steel plastic toughness, wear resistance is relatively poor, there is overheating
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sensitivity, prone to quenching cracks, tempering brittleness, as well as cold deformation of the
plasticity of the low and other shortcomings [7]. It has been found that 65Mn hot rolled steel plate
has banded segregation, uneven structure after heat treatment, which is easy to cause uneven hardness
after quenching [8], and it is easy to produce soft spot defects [7]. In the actual production process,
decarburization is very easy to occur. After quenching and tempering, a good heat treatment structure
is not obtained, which not only affects the wear resistance, but also may cause uneven deformation
and even surface cracks [10]. During the working process of the high-speed plow, the plowshare will
be subject to soil particles, plant roots and stems, gravel and brick debris impact and wear, easily lead
to the plowshare pit or even cause the collapse of the plowshare edge; poor working conditions require
higher hardness and wear resistance, but also have a certain impact resistance and high strength.
Obviously, the mechanical properties of 65Mn steel has been unable to meet the performance
requirements of high-speed plow. In the past 10 years, the high-speed plow manufacturing enterprises
represented by Germany Leiken one after another 65Mn steel to replace the boron steel represented
by 33MnCrB5. The existing 33MnCrBS5 steel still has the problems of low hardness after heat
treatment and insufficient matching of strength and toughness, which will lead to a reduction in the
service life of high-speed plows.

Therefore, this study takes 33MnCrBS5 steel as the research object, and analyzes and discusses the
microstructure characterization and basic mechanical properties test results of 33MnCrBS steel after
quenching + tempering treatment and original 33MnCrB5 steel, hoping to provide reference for the
improvement of subsequent heat treatment process of 33MnCrBS5 steel for high-speed plough.

2. Experimental Procedure

The test material is a plough tip blank based on 33MnCrBS5 steel provided by Zhengzhou Longfeng
Agricultural Machinery Equipment Manufacturing Co., Ltd. The chemical composition of
33MnCrB5 plough tip substrate was tested by SPECTRO direct reading spectrometer. The spark
discharge power of the instrument was 3 kW and the energy resolution was 125 mW. The test results
are shown in Table 1:

Table 1. Chemical composition of 33MnCrBS5 steel for plow tips (% mass fraction)
Composition C Si Mn Cr Ti Al Ni B Fe
33MnCrBS steel 0.338 | 0.275 1.23 | 0.593 |0.048 | 0.007 |0.090 | 0.0038 Bal.

The chemical composition data of 33MnCrB5 steel in Table 1 are imported into Jmatpro software to
simulate the CCT curve of 33MnCrBS5 steel. The purpose is to obtain the critical phase transition
temperature of 33MnCrBS5 steel and provide a basis for the subsequent formulation of heat treatment
process. It can be seen that the martensitic transformation starting temperature Ms of 33MnCrBS5 steel
is 340.6 °C, and the martensitic transformation termination temperature Mf'is 224.4 °C. Andrews [11]
searched the data of Britain, Germany, France, the United States and other countries. Through the
regression analysis of a large number of test data, the empirical formula for calculating Acl and Ac3
temperature according to the chemical composition of steel was obtained:

Acl(°C)=723 - 10.7Mn - 13.9Ni + 29Si + 16.9Cr + 290As + 6.38W (1)

Ac3(°C)=910 -203C1/2 - 15.2Ni +44.7Si + 104V + 31.5Mo + 13.1W 2)

The element symbols in the formula represent its content (%.mass fraction of the same below), the
applicable steel composition range: <0.6C, <4.9Mn, <5Cr, <5Ni, <5.4Mo. Based on empirical
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formulas (1) and (2) calculations of the approximate beginning of the austenitization temperature Acl
=726.6 °C, the complete austenitization temperature Ac3 = 802.9 °C.
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Fig. 1 Continuous cooling transformation ( CCT ) curve of 33MnCrBS5 steel

In order to study the effects of different quenching temperatures on the microstructure and mechanical
properties of 33MnCrB5 steel in the quenching-tempering (QT) process. A number of long strip
specimens with specifications of 80x20x12 mm were cut from 33MnCrB5 hot rolled sheet along the
line of rolling direction and coated with antioxidant paint to alleviate the decarburization phenomenon
of the heat treatment process. The quenching austenitization temperatures in the QT heat treatment
process were set to 820 °C, 850 °C, 880 °C and 910 °C, respectively, and all of them were water-
cooled to room temperature after holding for 0.5 h. Then the specimens quenched at different
temperatures were uniformly tempered at 180 °C, and all of them were air-cooled to room temperature
after holding for 2.0 h. The quenched specimens were then tempered to room temperature at 180 °C.
The uniaxial tensile test was carried out on Instron-8801 universal testing machine by using a plate-
like tensile specimen with a pitch of 25 mm and a cross-section of 2 mmx5 mm at a tensile rate of 1
mm/min along the direction of rolling, and the strain was accurately measured by an extensometer
with a pitch of 25 mm. The hardness test was carried out on a FR-3E digital Rockwell hardness tester
with a loading load of 1470 N. The holding time was 10 s, and each specimen was tested five times
to take the average value. The specimens were corroded using 4% nitric acid-alcohol solution, and
microstructural characterization of the specimens was carried out using a Leica optical microscope
(OM), and finally, the average size of the original austenite grains was counted using ImagelJ software.

3. Results and Discussion

3.1 Comparative Analysis of Microstructure

In order to clarify the effect of quenching process on the microstructure of 33MnCrBS5 steel, the
microstructure analysis of the hot-rolled sheet of 33MnCrBS5 steel in the pristine state was carried out,
as shown in Fig. 2. From Fig. 2(a) and (d), it can be seen that the pristine state structure mainly
consists of pre-eutectic ferrite bands (white) and pearlite bands (black) stacked on top of each other.
From Fig. 2(a), it can be seen that a more obvious non-uniform secondary band-like structure was
produced along the rolling direction. The reason for the appearance of band-like structure is mainly
due to the formation of dendritic crystals of compositional segregation in the solidification process
of the ingot, and in the subsequent rolling process along the deformation direction of the extrusion
elongation, the formation of carbon and alloying elements of the enriched and depleted band, and in
the process of the phase transformation, the failure to decomposition of the austenite by the ferrite is
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divided into bands, and then the formation of pearlitic dominated by the bands, and thus the formation
of ferrite and pearlite each other alternating band-like structure [12]. The band-like structure of ferrite
and pearlite alternates with each other [12]. Banding is a serious defect within the steel, and its
presence leads to an inhomogeneous microstructure of the steel, which in turn seriously affects the
properties of the steel, leading to a reduction in plasticity, impact toughness and strength [13,14]. Fig.
2(b) and (e) for the corresponding original austenite grain boundary statistics OM diagram, it can be
seen that the grain of the original state 33MnCrBS5 hot rolled sheet presents uneven size (mixed crystal
phenomenon) and diffuse distribution of equiaxed grains, using Image J software for grain size
statistics, the results are shown in Fig. 2(c) and (f), the average grain size along the rolling direction
of 13.26 um. The average grain size along the rolling direction is 13.26 um, and the grain size
perpendicular to the rolling direction is 13.29 um. The grain size is too large leading to the low
comprehensive mechanical properties of the material, and further grain refinement is needed.
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Fig. 2 The OM image of the original microstructure(a,d), the OM image of the original
austenite(b,e) and the grain size distribution map(c,f) of 33MnCrBS5 steel : (a), (b) and (c) rolling
direction; (d), () and (f) perpendicular to the rolling direction

The metallographic microstructure of 33MnCrBS5 steel in the quenched state after treatment with
different quenching temperatures is shown in Fig. 3. The microstructure after treatment with different
quenching temperatures is a single slat martensite structure, and the slat martensite has high
dislocation density and oversaturated solid solution carbon atoms, which leads to its high hardness
and low toughness.

Fig. 3 OM images of 33MnCrBS steel treated with different quenching temperatures: (a) 820 °C;
(b) 850 °C; (c) 880 °C; (d) 910 °C.
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In order to further observe the grain size change of 33MnCrBS5 steel in quenched state after different
quenching temperature treatments, relevant metallographic observation of the original austenite
grains was carried out, and the results are shown in Fig. 4. Compared with the original state
33MnCrBS5 steel original austenite grain, after different quenching temperature treatment, the grain
is obviously refined and uniformly distributed. The fine primary austenite grains not only increase
the nucleation rate of martensite but also reduce its growth space. In order to visualize the size of
grain size under different quenching temperatures, Image J software was used to carry out grain size
statistics, and the results are shown in Fig. 5, which shows that the proportion of proto austenite grains
with sizes ranging from 5 to 10 um in 33MnCrBS steel does not change significantly with the increase
of quenching temperature. The average grain size is 6.6 um when the quenching temperature is 820 °C,
7.0 um when the quenching temperature is 850 °C, 6.7 um when the quenching temperature is 880 °C,
6.9 um when the quenching temperature is 910 °C, and there is no great difference in the average
grain size at different quenching temperatures.
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Fig. 4 OM image of the original austenite grain of 33MnCrBS5 steel after different quenching
temperatures: (a) 820 °C; (b) 850 °C; (¢) 880 °C; (d) 910 °C.
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Fig. 5 Grain size distribution statistics of 33MnCrBS5 steel after different quenching temperatures:
(a) 820 °C; (b) 850 °C; (c) 880 °C; (d) 910 °C.
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3.2 Mechanical Properties Analysis

Fig. 5. and Table 2. show the tensile strength and related mechanical property parameters of
33MnCrBS steel after treatment with different quenching temperatures. It can be seen that when the
quenching temperature is in the range of 820 °C~880 °C, the difference between the yield strength
and tensile strength is not large, and when the quenching temperature reaches 910 °C, the yield
strength and tensile strength decrease significantly. Among them, when the quenching temperature is
850 °C, the yield strength and tensile strength of 33MnCrBS5 steel are the highest, which are 1555
MPa and 2001 MPa, respectively. Qualitative analysis of the Hall-Petch relationship [15] shows that
grain refining can significantly improve the strength of steel, which is mainly through the reduction
of the grain size to improve the area of grain boundaries per unit volume, which leads to the
dislocation motion is strongly hindered, thus increasing the strength of the material.

In addition, it can be seen from Table 2 that the Rockwell hardness of 33MnCrBS steel after different
quenching temperatures does not differ much. However, the elongation varies, and the corresponding
elongation is 8.5%, 8.3%, 7.8% and 6.1% when the quenching temperatures are 820 °C, 850 °C, 880 °C
and 910 °C, respectively. It can be seen that the elongation decreases gradually when the quenching
temperature is in the range of 820 °C~910 °C.
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Fig. 6 Tensile strength of 33MnCrBS5 steel treated with different quenching temperatures

Table 2. Mechanical properties of 33MnCrBS5 steel treated with different quenching temperatures

Temperature /°C HRC Elongation /%
820 55 8.5
850 55.5 8.3
880 55.6 7.8
910 54.8 6.1

4. Conclusion

(1) The microstructure of 33MnCrB5 steel for high-speed ploughs after treatment with different
quenching temperatures is different from the structure of the first eutectic ferrite band and pearlite
band of 33MnCrBS5 steel hot rolled sheet in the pristine state, all of which are in a single slat martensite.
After quenching-tempering treatment the average grain size was reduced from 13.26 um and 13.29
um in the pristine state to within the range of 6.6 um~7.0 pm.

(2) When the quenching temperature is in the range of 820°C~880°C, the yield strength and tensile
strength of 33MnCrBS steel do not change much, and when the quenching temperature reaches 910°C,
the yield strength and tensile strength decrease significantly. When the quenching temperature is
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850 °C, the yield strength and tensile strength of 33MnCrBS5 steel are the highest, which are 1555
MPa and 2001 MPa, respectively.

(3) When the quenching temperature in the range of 820 °C~880 °C, 33MnCrBS5 steel Rockwell
hardness difference is not significant, and its elongation gradually decreased.
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