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Spectroscopy and Spectral Analysis
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Table 1 The element content of 316L/JY-Fe45A powder and base part (%)
kR4 B Cr Ni Mn Mo Si Fe Co C P S
3161 16. 56 10.02 1. 16 2.05 0. 46 S 0.23 0.015 0.033 0.018
JY-Fe45A 17. 87 2.58 0.23 0.10 0.96 S 0.025 0.13 0.010 0. 007
30CrMnSiNi2 A Jig Ji& 1. 06 1.53 1. 07 / 1. 10 S / 0. 30 0.014 0. 005
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Fig. 1 Sample analysis area

(a): No. 1% sample; (b): No .27 sample
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Fig. 2 Influence of Sample chamber pressure on element signal

(a); Influence of pressure on signal intensity; (b): Influence of pressure on signal stability
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Fig. 3 2D Content distribution and line distribution of Ni, Mn, Mo. Si, C, Co, Cr, P for No. 1 sample
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Table 2 Elemental working curveand detection

limit. lower limit of measurement

3 - i W
TR BEXE R v mu
Cr y=0. 02822 40.162—0. 002 6 0.999 1 0.0034 0.0079
Ni y=0. 09322 —0.0332x+0.001 1 0.9989 0.0051 0.0155
Mn y=0.005 322+0.003 52+0.000 9 0.998 5 0.001 3 0.003 1
Mo y=0.005 32%+0. 001 22+0.000 023 0.995 9 0.001 2 0.004 0
Si y=0.006 922 +0. 000 65240. 001 8 0.9927 0.0108 0.0318
P y=—0.002 722+0.003 92—0.000 34 0.980 2 0.004 4 0.013 8
C y=0.30x%—0.0372x+0.001 8 0.994 7 0.004 7 0.013 3
Co y=—0. 01422+0. 022 —0.002 7 0.998 3 0.0030 0.0037
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Fig. 4 2D Content distribution and line distribution of Ni, Mn, Mo, Si, C, Co, Cr, P for No. 2 sample
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Fig. 5 2D Content distribution of Ni, Mn, Mo for No. 1 sample

<10} o O r——— TP
g 508 {85!
g8 2 | £
26! £06 | E
4 30.41 I
£ | L3 | gos!
g 2% LIBS-OPA | go'ZI ! E |
Hold—————— - Bl ) o] e s ~
0 10 15 20 2 0 5 10 15 20 2§ 0 5 10 15 20 2
Position/mm Position/'mm Position/mm
Ni Mn Mo
Spark-OPA
Bl6 MMAEEIMERILL
Fig. 6 Comparison of line distribution results of two methods
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Table 3 Quantitative analysis results
AR TR
TR LIBS-OPA KA HBOETEX A X i 22 LIBS-OPA KAEHBOLIEAX X i 22
GITEE R/ % SHTEE R % /% GITEs AR/ % SIHTEER) % /%
Mo 0.026 0.023 13.0 2.18 1.99 9.5
Si 0.96 0. 88 9.1 0. 44 0. 37 18.0
Ni 2.51 2.69 6.7 10. 21 9.93 2.8
Mn 0. 25 0.22 13.0 1.15 1.01 13.0
Cr 17. 86 18. 22 2.0 16. 68 16. 27 2.5
C 0.12 0.11 9.1 0. 020 0.017 17.0
P 0.022 0.019 15.0 0. 27 0.33 18.0
Co 0. 19 0.21 9.5 0.022 0.028 21.0
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Fig. 8 Crack band on sample surface

(a): No. 1 sample; (b): No. 2 sample
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Fig. 9 Analysis of cracked area

(a): The morphology of the cracked area; (b): The composition of the cracked area;

(¢): Line distribution of Ni element content for No. 1 sample; (d): Line distribution of Ni element contentfor No. 2 sample
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Study on the Element Distribution of Gradient Stainless Steel Samples
Prepared by Additive Manufacturing and Its Application Based on
Laser Induced Breakdown Spectroscopy

LIU Zong-xin'"?, SHEN Xue-jing'"** , LI Dong-ling*, ZHAQO Lei'"*

1. Central Iron and Steel Research Institute, Beijing 100081, China

2. Beijing Key Laboratory of Metallic Materials Characterization, Beijing 100081, China
3. The NCS Testing Technology Co. . Ltd. . Beijing 100081, China

Abstract Additive manufacturing technology is often used to prepare complex metal parts due to its high processing speed, high
precision, and there is no need for molding for shaping. The preparation of component gradient samples is more popular in the
manufacture of metal additives, Since the technology is not yet mature. There are often many defects in the workpiece. It is very
important for the quality monitoring of additive manufacturing products to make the study of component distribution characteriza-
tion method, which is suitable for additive manufacturing samples. The macroscopic component distribution characterization
methods are mainly composed of Laser-induced breakdown spectroscopy combined with original position statistical distribution
analysis (LIBS-OPA) and Spark source atomic emission spectroscopy combined with original position statistical distribution
analysis (Spark-OPA), due to the large excitation spot, Spark- OPA is not suitable for layer-by-layer analysis of additive manu-
facturing samples. LIBS-OPA has gradually been used to characterize the element distribution of metal block samples with the
advantages of multi-element synchronous positioning analysis, high spatial resolution, large optional analysis area, small sample
damage, This method can achieve high-precision composition distribution characterization of metal workpieces. In this paper, the
composition distribution of gradient stainless steel samples prepared by additive manufacturing technology was studied by laser
induced breakdown spectroscopy. By optimizing the instrument parameters and analysis conditions, the analytical sensitivity and
signal stability was ensured. The optimum test conditions were selected as follows: laser lamp voltage 1. 32 kV, Q-switching
delay 280 ps, sample chamber argon pressure 6 300 Pa, spot diameter 200 pm, 0 pre-denudation, integration of 15 denudations.
Under this condition, the calibration curves of Cr with spectrum line of 298. 9 nm, Ni with spectrum line of 218. 5 nm, Mo with
spectrum line of 203. 8 nm, Si with spectrum line of 212. 4 nm, P with spectrum line of 178. 3 nm, C with spectrum line of 193. 1
nm, Co with spectrum line of 384.5 nm, and Mn with a spectrum line of 293. 3 nm was plotted. Most element determination
coefficients exceed 0. 99, Two gradient stainless steel samples prepared with different multi-pass powder feeding processes were
scanned by LIBS-OPA. The distribution information of eight elements in the deposition surface of the samples was obtained. The
quantitative distribution results had good agreement with Spark-OPA, and the quantitative accuracy has been verified by spark
direct reading spectrometer. The study achieved a layer-by-layer analysis of additive manufacturing samples and selected the
sample preparation process by composition distribution results. At the same time, the causes of cracks in the samples were also
discussed through the characterization results of composition distribution. This research can play a guiding role in the improve-

ment and perfection of the manufacturing process.

Keywords Laser induced breakdown spectroscopy; Composition distribution; Additive manufacturing; Composition gradient

stainless steel; Original position statistic distribution analysis
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