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B ESR A BEARZ AT R, WA R 2 Ti
AL I P AR REE B 4 R FE R s/ AR
FMTOMBIFEIRFE S, S5 N 1 SHE G KRR M AT
850 “Cilk k., BE| 2 S K& . B UG KL 5 7E LK = D gl 4
AT 850 Tk, AR 1 h, BUH/KA . &5 H 3 5H . ¥
RN 3 5 M4y B = 4L EAT B, TN B o b 43 i
] JC IR BE Ky 200, 500 1 600 °C, IR 0.5 h [T 2%, &
B4, 5 A6 SRS KR 6 ARSI XQ-1 A4 A
AR AL C G S AP & A IR A /D HIFE . Hl R BERY
720 mm, JEEREHH 15 mm WFE .

®1 D2REIBEAERSEE(RESH, %)

Table 1 Main chemical compositions of D2 steel(wt. %)

Element Mass fraction/ % Element Mass fraction/ %
C 1. 59 Si 1. 00
S 0.015 Cr 11. 68
P 0.02 Mo 0.71
Mn 0.65
K HR-150A HU9% BC i BF 31 X 47 88 J5 19 L 3b 6 S #F 5

PEATE B, 4% MR E AR GB/T230—91 #i2 I 4 4 i 11 9%
[CBEJE (HRC) , 153 2K & B3 2% 2 s . i D62 B0
(ERFEHTAARAF, MA2001 BI5) WAL K 400 51
FEG AR, B 1 BRTHEMAR, 1 SHERIESS
R, 2 SRR AHOCEMKERE, 3 SHMBE KD KK,
4 S HE RO Tk T A, 5 A R L AORE G, 6 5 R
Il 2 Ji E A o] k2R PR A

Mn%ﬁ‘ﬂﬁ’ﬂﬂ‘h SEREI M EZITR, A TR Mk
B9 Mn & &E7E S5 RBRAERE Z M A9 0GR, W4 T 58 A S0k
fh. EERERN 20 g WEEM 5 4, F§ METTLER TOLEDO
B HL T K- (AB135-S, K5 10 pg) FREC, Hoo ik R &
J LR G INER 1R, Ha 4 RS BITE 17 FF &
Mn & &2 1 3Ll BT BRI S =M 0.5%, 1%, 1. 506l
2% 09 Mo CEREARUESN 20 @, KEFRBUTF I 5 MFE & d b
SUYIRRG B B R Y 202 BSOS G (FR g

1#, 248, 38, 4254 Sk . HR-150A R K18 7 3

Dt 57 — AR B R BN SR 3 PR

*2 FEHITBHERNEHEHERKATEKEE (HRC)
Table 2 Microstructure and hardness of experimental

samples for group 1(HRC)

Thermal Rockwell
Number (reatment Microstructure hardness
(HRC)

1 raw material Lath martensite 51

2 850 °C annealing Pearlitetferrite 20

3 850 °C quenching Lath martensite 59.9

4 200 °C tempering Martensite 58.3

5 500 °C tempering Troostite 40. 8

6 600 C tempering Troostite+ Sorbite 35.5

1 F1AHAANHERNEHAR
(@) : BEGERM: (b AR HYEKR: (O BAHRMA;

1 B s (D 2 1A PG+ [ 2k 2 R A
The microstructure of 6 samples for group 1
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Fig. 1
(a): Martensite in as-cast; (b) . Pearlitet+ferrite; (¢): Martensite in
quenching; (d): Martensite in tempering; (e): Tempered troostite+

tempering
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Table 3 Five samples with different content of manganese

and their hardness respectivelyzz

The added The content Rockwell
Sample content of Mn hardness

of Mn/ % /g (HRO)
1# — 0.13 51
24 0. 50 0.229 4 52.5
RE-1 1 0.328 7 61.7
44 1. 50 0.428 1 63. 6
54 2 0.527 4 62. 2

1.2 UBRBH

FI RGN 2 Fis . BEpOGIE  kh Nd ¢ YAG B0t
#% (Quantel, Ultra 120), HHH KA 1 064 nm, k5% N 8
ns, 5 BCE O R Y 30 m], EAE MR 2 He,
B R AR S TRERE & 1 (553 0.5 rad « 5T, RIS
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Fig. 2 The experimental setup of LIBS for
the detection of D2 steel
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Fig. 3 Typical LIBS spectrum of sample 1
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Table 4 Atomic and ionic spectral lines of the analyzed elements

Wavel b/ Lower level Upper level Transition probability Statistical
avelength/nm E:/eV E./eV Ay /(108 s 1) weight g3
Fe [ 373.48 0. 858 995 75 4.177 696 75 0. 901 11
Fe | 401.45 3. 046 868 88 6.134 381 88 0.153 7
Fe [ 402.19 2.758 577 60 5. 840 459 61 0.085 5 9
Fe [ 404.58 1. 484 864 38 4.548 506 09 0. 862 9
Fe Il 275.57 0. 986 333 79 5.484 135 95 2.15 10
Mn [ 403.07 0.0 3.075 087 0.17 8
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Fig. 4 Spectral line intensities of Fe, Mn

element for 6 samples
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Fig. 5 Spectral line intensities of Fe, Mn elements

for 6 samples versus hardness
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Fig. 6 Ferrum lIonic to atomic intensity ratio versus

the surface hardness of D2 steel
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Fig. 8 Plasma excitation temperatures versus

sample hardness
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Investigation on Hardness of D2 Steel Based on Laser-Induced Breakdown
Spectroscopy

JIA Hao-yue' *, GUO Gu-qing’* ., ZHAO Fu-giang" *, HU Yong®. LI Chuan-liang®

1. School of Mechanical Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China

2. Engineering Research Center Heavy Machinery. Ministry of Education, Taiyuan University of Science and Technology,
Taiyuan 030024, China

3. School of Applied Science, Taiyuan University of Science and Technology, Taiyuan 030024, China

Abstract Surface hardness is a critical parameter to characterize steel properties. Its monitoring plays a key role in Industry. In
the present paper, the spectral line intensities between element Fe [ 404.58 nm and Mn [ 403.07 was compared with 6
different hardness samples by using laser induced breakdown spectroscopy (LIBS) in self-built device in which laser energy was
30 mJ. The coefficient of determination for Mn (0. 964) was better than Fe (0. 916). The ratio of the Ferrum ionic to atomic
spectral lines intensities(Fe [[ /Fe | )and laser induced plasma temperature have been characterized by the hardness of D2 steel
for different heat treatments. The relationship has been obtained between surface hardness and the ratio of the Ferrum ionic to
atomic spectral lines intensities (the coefficient of determination was 0.964). Fe [ 275.57 nm and Fe | 276.75 nm were
selected as analytical spectral lines. The relationship between surface hardness and laser induced plasma temperature has been
established too (the coefficient of determination was 0.977). The hardness of D2 steel could be changed by different heat
treatments, as well as the addition of alloying elements. For example, adding manganese into D2 steel could improve the
hardness by refining grains. The correlation between Rockwell hardness of D2 steel for different content of manganese and
Spectral signal intensity (Mn [ 403.07 nm) was established. The hardness of D2 steel does not increase monotonically with the
increase of Mn content, but the spectral intensity changes consistently with the hardness. The experimental results validated that
the element Fe and Mn, the Fe [[ /Fe | spectral lines intensities and laser induced plasma temperature had a good linear correla-
tion with the hardness of D2 steel. And the different hardness obtained by different addition of Mn in D2 steel had a good linear
correlation with a spectral intensity which verified the relation between hardness and spectral intensity. The determination of the
surface harness via LIBS shows the feasibility of using LIBS as a reliable method for in situ industrial application for production

control.
Keywords Laser induced breakdown spectroscopy; D2 steel; Hardness; Plasma excitation temperature
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