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Abstract: In the current study, the sharpness test and microstructure characterization for the 30Cr13
cutter under the regime of quenching and tempering processes was performed to investigate the relation-
ship between distribution and type of carbides and sharpness of cutting tools. After the tempering pro-
cess (300 °C, 30 min), the initial sharpness and cumulative thickness cuts of the cutter decrease by
34.6% and 26.4%, respectively. However, the tool under the state of tempering have a less loss of sharp-
ness in single cutting and a better durability, and the following reasons should be considered for these
results: (i) the increase of the M23C6 carbide precipitates after tempering enhances wear resistance of
tools through dispersion strengthening and (ii) the reduction of carbon in the quenched martensite leads
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to lower hardness and sharpness of the cutter.

Key words: low-carbon martensitic stainless steel, 30Cr13, sharpness, carbide, heat treatment, abrasion
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Fig. 1 Macroscopic picture of experimental tool
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Table1 The chemical composition of the experimental
steel blade %

C Mn Si P S Cr

0.30 ~0.36 0.50~0.70 0.50~0.70 <0.028 <0.008 12.50 ~ 13.50
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Table 2 Rockwell hardness (HRC) test of quenched and
tempered steel blade
TgifE (HRC)
=8 M2 3 a4 s

FEME
FAE 441 46.1 463 455 478 45.96
WA 497 481 489 495 51.5 49.54
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Fig. 2 Sharpness test results of steel blades under
quenched and tempered conditions
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Fig.3 Average value of a single cut of tool in the
quenched and tempered states
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Fig.4 Low metallographic structure of tool under
quenched and tempered states
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Fig. 5 High metallographic structure of tool under
quenched and tempered states
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Fig. 6 Energy spectrum analysis results of quenched
blades
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Fig.7 Energy spectrum analysis results of tempered
blades

0] K T B RETE S5 R R, Ze5d [ KACFE S, 4140
FRYESR IR (5 1, 5 4 COLEME T L
TE 27% V4 L, A4 - 3Crh rgitaas, 24 M23C6 i Lhik
F| 10% B, R4 ALY ik 9 5T 5 S 30%
FRARZE 27.7%, R AT DL HERT HH MLC, BT IR A
YIHLBEE] 90% LA L W/ N—LE R RR AL P b BE A
M7C3 kb (5 2), A alikE M23C6 U fikib )
(55) o MEE R Z AN/ MRIEY (5 3) W 454
M23C6 HRibY) .

AR o] DL, FE kG fE R, M23C6
RUBRAEI R AT, 5 CC A b (i & s /D, R
R, ETEE AR T M. (B SCikEs b, R/NEH . 2
A3 5 (R AL A5 Bh T RA0s8 4 Rk AT B P, TR ok
HHEE TR A g b, S RS R Ak 2507, [k
T AR AT H A AT/ YRR R AR R R85 T A
R B, A BV T I % A R B DR DN,
TIERAS T b p i FPERE

3 &%

1) JIF BRI B 5 b AT A 3 K K,
ek JI e gead LKA BE S, JT R PRI EE I, 1%
RUVER e .

2) Bl ARBR S T A R A/ INYR Y M23C6
Ae AT, S8 PR B & J D, R
Ko, T A BRI

3) [B] i AR H BT B AR/ INTR L M23C6 B il
YIRENS B B A ARk B T S 1, R Ak ] K A S TT R R
57 E AR A

[1] Zhu Qintian. Effect of the control of carbides on the sharpness of knives made of 8Cr13MoV steel[D]. Beijing : University of

Science and Technology Beijing, 2019.



£ 6 1] 2 IR, A6 I PRAACN 5 B T SR SR AL 2 % T LA T P RE A S - 171 -

CREIK. 8Cr13Mo VIR AL Kot 71 BB RIMERE A SEMR D). bt JLatRIEIR2, 2019.)

[2] Chen Jiaxin, Nie Yuesheng, Peng Zhidi, et al. Analysis of affecting factors of sharpness and edge retention of stainless steel
kitchen knife[J]. Physics Examination and Testing, 2021, 39(2): 1-5.
(BRFK, e A Az, 278, A5 AN et 0 3 A1 B R FHRE 5200 R R 20 A 0], 0B, 2021, 39(2): 1-5.)

[3] Wen Lei. Control of microstructure and mechanical properties of low carbon stainless steel ZG1Crl1Ni2WMoV[D].
Shanghai: Shanghai Jiao Tong University, 2013.
(3C#. ZG1Cr1 INi2WMo VAR Sk 5 [ EE AR 2H 2V S PR RESERI[D]. Ll AR, 2013.)

[4] Wei Gaoyang, Lu Siyuan, Li Jihui, et al. Effect of inclusion on corrosion resistance of 30Cr13 and StavaxESR martensitic
stainless steels[J]. Ansactions of Materialsand Heat Treatment, 2019, 40(1): 125-132.
(BT Ve, B JEIH, 2R, 25, e 224 5% 30Cr1 3 F1 Stavax ESR b FC A AS 45 4 T il 1 BE Y 52 e [ 7). A1 RE3R AL 2302, 2019,
40(1): 125-132.)

[5] Zhang Hao, Zhou Min, Tang Jiping, et al. Correlation of wear resistance with carbides for Cr12MoV Steel[J]. Shanghai
Metals, 2021, 43(1): 42-49.
(B, A, BZF, 2. Cri2Mo VAR BRI -5 AR AL AR YRR FE[0]. L), 2021, 43(1): 42-49.)

(E3EE 166 TY)

[6] Li Sai. Thermal deformation behavior and microstructure analysis of GH600 [D]. Anshan: University of Science and
Technology Liaoning, 2012.
(3%, GHOOOIALIEAT Ay S A ST [D). #ili: 1L TRHERE, 2012.)
[7]1 Wang Rui. Research and aplication of nickel-based high temperature alloy[J]. Modern Chemical Research, 2017, (7): 50-51.
(LA LIRS S BT ARL . 4L TRFE, 2017, (7): 50-51.)
[8] Yang Qian, Huang Wanzhen, Kong Fanzhi. Microstructure and corrosion resistance of laser cladding TiC-H13 coating[J]. Hot
Working Technology, 2016, 45(2): 117-119,122.
(i, BB, FLILAE. BOCRETIC-H13UR 2 A IES 4 S I T PERE A BITTE[]. PN TTZ, 2016, 45(2): 117-119,122.)
[9] Shahmoradi A R, Talebibahmanbigloo N, Javidparvar A A, et al. Studying the adsorption/inhibition impact of the cellulose
and lignin compounds extracted from agricultural waste on the mild steel corrosion in HCI solution[J]. J Mol Liq, 2020, 304:
112751.
[10] Zou Juntao, Lei Chunjuan, Hong Bo, et al. Effects of melt holding time on microstructure and hardness of silicon Monel
alloy[J]. Hot Working Technology, 2013, 42(15): 22-25.
(BT, TARIA, BRI, S5 SR D0 B ik 52 3R & VS REEE R SE R[], N T T2, 2013, 42(15): 22-25.)
[11] Han Chang, Zou Juntao, Fan Zhikan. Effect of heat treatment on microstructure and hardness of monel alloy containing
silicon[J]. Transactions of Materials and Heat Treatment, 2009, 30(2): 105—109.
(i, AR4EE, S0 R, AL BT Si5E T /R & 4 2H A N BE P A 52 [T]. M4 BHAAE F274R, 2009, 30(2): 105-109.)
[12] Prabhu Ashwin G, Sathishkumar N, Pravinkumar K, et al. Heat treatment and analysis of nickel super alloy for gas turbine
applications[J]. Materials Today: Proceedings, 2021, (39): 1417-1421.
[13] Zhang Zuogui, Liu Xiangfa, Bian Xiufang. Thermodynamics and kinetic of forming TiC in Al-Ti-C system[J]. ACTA
Metallurgica Sinaca, 2000, 36(10): 1025-1029.
(aRAESE, XUMIE, AF5 D5 AL-Ti-CR P TICIE I 1 2 53 T30 58 0], 2Jm~#41¢, 2000, 36(10): 1025-1029.)
[14] Dey G K, Tewari R, Rao P, et al. Precipitation hardening in nickel-copper base alloy monel K500[J]. Metallurgical and
Materials Transactions A, 1993, 24A: 2709-2719.
[15] Yang Dongguang. Effect of Al Si. Ti on strengthening and fluorine resistance of aging Monel alloy[D]. Kunming: Kunming
University of Science and Technology, 2012.
(BADL. AL Si, T I 2Monel £ 425 b S HUSUPERERYZ I [D]. BT EEWIRE TR, 2012.)
[16] Javidparvar A, Naderi R, Ramezanzadeh B. L-cysteine reduced/functionalized graphene oxide application as a smart/control
release nanocarrier of sustainable cerium ions for epoxy coating anti-corrosion properties improvement[J]. J Hazard Mater,
2020, 389: 122—135.

A A A


https://doi.org/10.13228/j.boyuan.issn1001-0777.20200043
https://doi.org/10.13228/j.boyuan.issn1001-0777.20200043
https://doi.org/10.3969/j.issn.1001-7208.2021.01.008
https://doi.org/10.3969/j.issn.1001-7208.2021.01.008
https://doi.org/10.3969/j.issn.1001-7208.2021.01.008
https://doi.org/10.1016/j.molliq.2020.112751

	0 引言
	1 试验方法
	2 结果与讨论
	3 结论
	参考文献

