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The high-speed steel ZBOWCV 18-04-01 is highly valued in intensive machining for its exceptional char-
acteristics such as high hardness and heat resistance. Composed of carbon, chromium, tungsten, and vana-
dium, this steel is particularly suitable for manufacturing cutting tools such as lathe tools, milling cutters,
drills, and taps. The cumulative tempering process plays a crucial role in enhancing these properties, directly
influencing the performance and durability of turning tools. This research aims to evaluate the effects of
different tempering treatments on Z8OWCV 18-04-01 high-speed steel turning tools, focusing on hardness,
toughness, and microstructural changes, tempering involves heating the steel to a specific temperature be-
low its critical point and then cooling it, which modifies its internal structure to achieve desired mechanical
properties. By varying the tempering temperature and duration, researchers can tailor the steel's hardness
and toughness to optimize performance in cutting applications. Understanding these changes is essential
for developing tools that can withstand the demanding conditions of industrial machining processes, the
microstructural analysis will provide insights into how the steel's grain size, carbide distribution, and phase

composition evolve with different tempering treatments.
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1. INTRODUCTION

Heat treatment of cutting tools is a critical step in
their manufacturing process aimed at optimizing their
performance and durability under severe cutting condi-
tions. This process typically involves operations such as
controlled heating, holding at specific temperatures, and
proper cooling to achieve desired microstructures and
mechanical properties.

Recent studies have explored various aspects of heat
treatment applied to tool steels. For instance, research
such as that conducted by [1] has examined the influence
of heat treatment parameters on wear resistance and
the durability of cutting tools. Similarly, analyses have
investigated the effects of heat treatments on dimen-
sional stability [2] and resistance to deformation of tools
in high-speed cutting environments. Research on heat
treatments can significantly impact the durability of
cutting tools in specific working environments [3], such
as those involving high temperatures or high speeds.
The coatings are promising materials for wide
application, for example, as protective coatings against
rapid tool wear [4, 5]. Tal to wood, plastics, and
composites, makes them versatile tools suitable for
various applications.

They are widely used in sectors such as aerospace,
automotive, shipbuilding, manufacturing, and construc-
tion. Their ability to produce precise and uniform cham-
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fers meets the rigorous quality standards of these indus-
tries [6].These studies highlight the crucial importance
of precise control over heat treatment parameters to
achieve finely tuned microstructures and optimal me-
chanical properties. Integrating this knowledge into the
design and manufacturing of cutting tools plays a deci-
sive role in the competitiveness and efficiency of modern
machining processes.

Conventional heat treatment of micro-alloyed steels
includes quenching and tempering. Tempering at differ-
ent temperatures and durations can provide a beneficial
combination of microstructure and precipitates [7, 8].
Multiphase microstructures and various carbide types
further meet the requirements for excellent mechanical
properties in high-speed tool steels [9-11].

The precipitation of fine particles during tempering
plays a crucial role in enhancing the strength and tough-
ness of ultra-high-strength micro-alloyed steels. Numer-
ous studies on carbide precipitation evolution under dif-
ferent tempering times, studied the precipitation evolu-
tion in tool steels during multi-tempering at 680 °C for
100 hours. They observed that M3C carbides initially
transformed from M-A particles, followed by precipita-
tion of MC carbides. The M3C particles gradually re-
fined and rounded, while M23C6 carbides coarsened
with increasing tempering time. Moon et al. [12] clearly
demonstrated the sequence of carbide precipitation in
tool steels. They also found that the precipitation se-
quence during tempering at 650°C was: MC + M3C —
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MC — MC + M7C3 + M23C6, the evolution of different
carbides in tool steels after tempering and found that
M23C6 exhibited higher thermal stability compared to
M7C3 [13]. The carbide precipitation sequence can be
summarized as follows: M3C — M7C3 — M23C6. Con-
versely, Asadabad et al. [14] reported that some M23C6
carbides transformed into M7C3 in tool steels. Janovec
[15] reported that Cr content determines the precipita-
tion transformation sequence in Cr steels. With the ad-
dition of 1 wt % Cr, the precipitation sequence in Cr-Mo-
V steels was proven to be M23C6 — M7C3 [16]. In me-
dium to high Cr steels, Jia et al. identified four types of
precipitates, M2X, M3C, M23C6, and M7C3, with M7C3
showing lower thermal stability compared to M23C6
[17-19].

2. EXPERIMENTAL METHOD
2.1 Tool Drawing

The drawing below depicts a slitting tool, which con-
sists of two parts: an active part and a fastening part.
Our tool also includes two angles: a cutting angle and a
clearance angle. The dimensions are shown on the draw-
ing. After each wear of the active part, it must be sharp-
ened, meaning the cutting angle and the clearance an-
gle. The tool has a specific lifespan.
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Fig. 1 — Cutting tool

2.2 Chemical Composition

Cutting tools made of high-speed steel maintain their
high hardness up to a temperature of 650°C. High-speed
steel is characterized by its high hardness.

Table 1 — Chemical composition of steel ZSOWCV 18-04-01

Number of Heat treatments HRC
pieces

1 Quenching 66

1 Quenching and 1 temper 63

1 Quenching and 2 temper 64

1 Quenching and 3 temper 64.5
1 Quenching and 4 temper 65

2.3 The Description of the Microstructure

Describing a globular perlite structure with carbides
in a steel such as Z8OWCV 18-04-01 involves identifying
the microstructural phases and their distinctive charac-
teristics. Here is a general description of this microstruc-
ture.
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Fig. 2 — Raugh material

Perlite is a microstructure composed of alternating
lamellae of ferrite and cementite, resulting from a eutec-
toid transformation during the cooling of a hypoeutec-
toid steel. In the case of globular perlite, the ferrite and
cementite lamellae take on a globular form rather than
a lamellar one.

Carbides are hard intermetallic phases primarily
composed of carbon and a metallic element. In the case
of ZBOWCYV 18-04-01 steel, one can expect the presence
of tungsten (W), chromium (Cr), and vanadium (V) car-
bides. These carbides form during the solidification and
cooling of the steel due to the segregation of alloying el-
ements.

3. RESULTS AND DISCUSSION
3.1 Hardness

The table. 2 shows that:

e Hardness (HRC) varies between 63 and 66 for

o different heat treatments applied.

e The highest hardness in the quenched state is ap-
proximately 66 HRC.

e Applying a single tempering process after quench-
ing results in a hardness decrease (63 HRC).

e The second and third tempers have only a minimal
effect on hardness, maintaining it around 64 HRC (sec-
ondary hardening).

e The fourth temper shows a slight increase in
65HRC

Table 2 — Hardness after quenching and the tempering.

Desig-
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Fig. 3 — Hardness curve as a function of heat treatment
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EFFECT OF THE NUMBER OF TEMPERING CYCLES...

In Fig. 3, we have plotted hardness as a function of
the treatments applied. We observe that hardness de-
creases from 66 to 63 HRC (in the case of the first tem-
per), and from this point onward, it begins to increase
until reaching 65 HRC.

3.2 The Lifespan and Number of Machined Parts

The results of our study on the lifespan of cutoff tools
at each income level, essential tools in various mechani-
cal construction parts manufacturing processes. Cutoff
tools play a crucial role in the precise shaping of parts.
To assess their performance, we analyzed the different
heat treatments applied to the tools, namely quenching
followed by multiple tempering cycles (ranging from one
to four cycles). These heat treatments were the sole pa-
rameter we considered to influence their lifespan, meas-
ured by the number of parts cut before the tool needs to
be sharpened. The results of this study, detailed in the
following table, provide valuable insights for enhancing
the efficiency and longevity of cutoff tools, thereby con-
tributing to more reliable and cost-effective production.

In Table No. 3, we summarized our results. We men-
tioned that, among the tool samples, one tool underwent
quenching and a single tempering cycle and machined
700 pieces. Another tool underwent a second tempering
cycle and cut 1000 pieces, while a tool subjected to four
tempering cycles cut 1600 pieces.

Therefore, the conclusion drawn is that the number
of tempering cycles on our tools has a significant influ-
ence. The tempering treatment factor yields good re-
sults. If regler was intended to be translated as conclude
or determine, it's appropriately used as conclude in this
context see Table No. 3 below.

Table 3 — Results of lifespan according to the number of ma-
chined piece

The sample The average

size of the cut- | Heat treament number of

ting tools machined piece

1 quench.mg and 1 700
tempering cycle

1 quench}ng and 2 1000
tempering cycle

1 quench}ng and 3 1400
tempering cycle

1 quench.mg and 4 1600
tempering cycle

The results obtained clearly indicate that the num-
ber of machined parts is proportional to the number of
tempering cycles. There is a gradual increase in the tool
lifespan with each additional tempering cycle under-
gone, maintains better cutting performance and in-
creased wear resistance, allowing it to remain effective
over a longer period of time. Additionally, the number of
machined parts also increases as the cumulative number
of tempering cycles increases. This means that the cutoff
tool is capable of sustaining its cutting capability for a
greater amount of work before showing signs of wear or
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loss of effectiveness. The best results were achieved with
the tool that underwent 4 cumulative tempering cycles,
showing significant machining time and a high number
of machined parts. This confirms that this heat treat-
ment has significantly enhanced the durability and per-
formance of the high-speed steel tool. These findings un-
derscore the importance of cumulative tempering cycles
in enhancing the cutting performance of high-speed
steel, thereby prolonging tool life and increasing overall
productivity.

ENum ber of machined piECE|

1600 - |

1400 4

Number of machined piece

Queuclhing QuillclhingH temper
+3 temper

Quenching Quenching
+1 temper 1 temper
Heat treatment

Fig. 3 — Number of machined pieces according to tool

4. CONCLUSION

The material studied is the high-speed steel ZSOWCV
18-04-01, widely used for cutting tools due to its excel-
lent mechanical properties and wear resistance. After
quenching followed by an initial tempering at 560 °C for
1 hour, the microstructure of the steel primarily consists
of tempered martensite, which is very hard but partially
softened and stabilized by the tempering process. Pri-
mary carbides are still present. A second tempering at
560°C for 1 hour further transforms the martensite into
tempered martensite, enhancing its stability and ductil-
ity, with reduced but persistent presence of residual aus-
tenite and very fine carbides. Following a third temper-
ing at 560 °C for 1 hour, the majority of the structure
comprises tempered martensite, offering a good combi-
nation of hardness and toughness, with some persistent
islands of residual austenite. A fourth tempering at
560 °C for 1 hour results in a structure entirely com-
posed of tempered martensite, ensuring excellent tough-
ness with moderate hardness and an absence of residual
austenite, indicating high material stability.

Hardness test results show that the hardness (HRC)
varies between 63 and 66 for the different heat treat-
ments applied. The highest hardness in the quenched
state is 66 HRC. Applying a single tempering after
quenching decreases the hardness to 63 HRC. The sec-
ond and third temperings have minimal effect on hard-
ness, maintaining it around 64 HRC (secondary harden-
ing). The fourth tempering shows a slight increase in
hardness to 65 HRC.

In conclusion, this study demonstrates the significant
impact of heat treatments on the tested tool samples.

06030-3



B. CHERMIME, O. HAMIDANE

10.

REFERENCES

P. Jovicevié-Klug, B. Podgornik, Metals 10, 434 (2020).

D. Senthilkumar, Cryogenic Treatment: Shallow and Deep,
Encyclopedia of Iron, Steel, and Their Alloys, 995 (Eds. by
G.E. Totten, R. Colas) (Taylor and Francis: USA, New York:
2016).

P. Baldissera, C. Delprete, Open Mech. Eng. J. 2, 1 (2008).
V.G. Hignjak, G.Y. Calashnicov, N.A. Harchenko, T.P.
Hovorun, O.V. Hignjak, V.Y. Dolgikh, O.0. Holyshevskiy,
J. Nano- Electron. Phys. 7 No 4, 04033 (2015).

G. Boothroyd, W.A. Knight, G.T. Dewhurst, Product Design
for Manufacture and Assembly (CRC Press: 2010).

N.A. Harchenko, V.G. Hignjak, T.P. Hovorun, A.I. Degula,
J. Nano- Electron. Phys. 6 No 4, 04021 (2014).

d. Dong, X. Zhou, Y. Liu, C. Li, C. Liu, H. Li, Mater. Sci.
Eng. A 690, 283 (2017).

S. Roy, N. Romualdi, K. Yamada, W. Poole, M. Militzer,
L. Collins, JOM 74, 2395 (2022).

H. Wu, B. Ju, D. Tang, R. Hu, A. Guo, Q. Kang, D. Wang,
Mater. Sci. Eng. A 622, 61 (2015).

A. Mandal, T.K. Bandyopadhay, Mater. Sci. Eng. A 620, 463
(2015).

11

12.

13.

14.

15.

16.

17.

18.

19.

JJ. NANO- ELECTRON. PHYS. 16, 06030 (2024)

. Y. Shen, H. Liu, Z. Shang, Z. Xu, J. Nucl. Mater. 465, 373
(2015).

J. Moon, J. Choi, S.K. Han, S. Huh, S.J. Kim, C.H. Lee,
T.H. Lee, Mater. Sci. Eng. A 652, 120 (2016).

X.G. Tao, L.Z. Han, J.F. Gu, Mater. Sci. Eng. A 618, 189
(2014).

G. Stornelli, A. Tselikova, D. Mirabile Gattia, M. Mortello,
R. Schmidt, M. Sgambetterra, C. Testani, G. Zucca, A. Di
Schino, Materials 16, 2897 (2023).

J. Janovec, M. Svoboda, A. Kroupa, A. Vyrostkova,
J. Mater. Sci. 41, 3425 (2006).

J. Janovec, M. Svoboda, A. Vyrostkova, A. Kroupa, Mater.
Sci. Eng. A 402, 288 (2005).

C. dia, Y. Liu, C. Liu, C. Li, H. Li, Mater. Charact. 152, 12
(2019).

J. Janovec, A. Vyrostkova, M. Svoboda, Metall. Mater.
Trans. A 25, 267 (1994).

C. Li, R. Duan, W. Fu, H. Gao, D. Wang, X. Di, Mater. Sci.
Eng. A 817, 141337 (2021).

Brius KinbKOCTI HUKJIIB 3arapTyBaHHA HA IIIABHINEHHS JOBrOBIiYHOCTI pisKy4oro iHcTpymeHTy
3i mBuUaKOpi3aabHOI cTaai
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IlIBunkopizanpra craab Z8OWCV 18-04-01 BHCOKO IIIHYETHCA MPHU IHTEHCUBHIN 00POOIIl 3aBOSKN CBOIM
BUHSITKOBUM XapPaKTePUCTUKAM, TAKHM SK BUCOKA TBEPIICTH 1 TepMocTiikicTh. s crasnp, mo ckinagaerses 3
BYIJIEITI0, XPOMY, BOJIb(ppaMy Ta BaHAII0, 0COOJMBO ITAXOMUTH JJIA BUTOTOBJIEHHSA PLKYUYHX 1HCTPYMEHTIB,
TaKUX K TOKAPHI BepcraTh, Ppesu, cBepAiia Ta MiTUMKN. KyMyIATUBHUIM IIpoliec BIAMyCTKHU Biirpae BUPI-
IIaJIbHY POJIb y MOKPAIEHH] IIUX BJIACTUBOCTEHN, Oe3M0CepeIHBO BIUIUBAKOYN HA MPOIYKTUBHICTS 1 JOBrOBIY-
HICTb TOKAapHUX 1HCTPyMeHTIB. Ile mociimkeHHs Mae HA MeTi OIIHUTH BILIMB PI3HUX IIPOIEAYP BIAMYCKY Ha
TOKAPHI 1HCTPYMEHTH 1A IIBUAKOpi3anbHol ctami Z8OWCV 18-04-01, 3ocepemkyounch Ha TBEPIOCTI, B'A3-
KOCTI Ta MIKPOCTPYKTYPHHUX 3MiHaX. Binmyck mepegbadae HarpiBaAHHS CTAJII 0 IIEBHOI TeMIEPATyPH, HAKIOL
3a il KPUTHYHOI TOYKH, & IIOTIM OXOJIOIZKEHHS, SIKe 3MIHIOE HOT0 BHYTPIIIHIO CTPYKTYPY /IS TOCATHEHHS 0a-
JKAHUX MEXaHIYHUX BJIACTUBOCTEH. 3MIHIOIOYH TeMIEPaTypy Ta TPUBAJICTD BLAIIYCKY, JOCJILTHHUKH MOMKYTH
migbupaTy TBEPAICT 1 MIITHICTD CTAJII TSI ONTHUMI3aIli IPOLyKTUBHOCTI pn pisanHi. Posyminas nux 3mia
Mae BayKJIMBE 3HAYEHHS JIJIsT PO3POOKY IHCTPYMEHTIB, SIKl MOKYTh BUTPHUMYBATHU CKJIAIH] YMOBHU IIPOMHCIIOBAX
TIPOIIECiB MeXaHITHOI 06poOKM. AHAITI3 MIKPOCTPYKTYPH JTACTh YSIBJIEHHS IIPO Te, K PO3MIpP 3epHAa CTaJIl, Po3-
oI Kapbiay Ta pasoBmil CKIIAT SMIHIOIOTHCSA 3 PIBHUMA 00POOKaMU BIIITYCKY.

Kmiouosi cnosa: Teepmicts, Omip, Piskyunit incrpyment, TokapHauii Beperar, B’saskicTs.
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