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Abstract The microscopic defects with respect to the cladding layer are often detected using a microscope, energy
dispersive X-ray spectroscopy, and scanning electron microscope, etc. Even though cracks can be accurately
observed using these methods, the obtained results are not convincing. The sample profile is used to observe the
performance of the test sample; however, the local area of the section does not represent the entire cladding layer.
The randomness is considerably large, and the detection area is small. Furthermore, the requirement of sample size
is high. To solve these problems, we use laser-induced breakdown spectroscopy (LIBS) technology to detect the
microscopic defects observed with respect to the cladding layer. Subsequently, different contents were obtained with
respect to the TiC/Ni35 cladding samples, and different types of defects could be observed in the samples after
cladding. The characteristic spectra of the sample surface can be observed in the 21 mm X 4.2 mm region, and the
region scanning results are obtained using the array matrix method. The results prove that LIBS technology can be
used to rapidly characterize the microscopic defects in the cladding layer. According to the evaluation, the No. 4
sample has the most defects, the No. 1 and No. 5 sample defects are moderate, and the No. 2 and No. 3 sample
defects are the lowest.
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Table 1 Elemental composition and content of Ni35 alloy powder

Element Ni C

Si B Cr Fe

Mass fraction /% Bal 0.3

3 2.2 10 <5

F 2 TiCHARICE KA A& &

Table 2 Element composition and content of TiC powder

Element TiC C

Free C

O Si Na Al

Mass fraction /%

=99.5 19.2 <0.2

<0.45 <0.08 <0.05 <0.015

3 45 WM TTE Bl

Table 3 Element composition and content of 45 steel plate

Element C Si

Mn P S

Mass fraction /% 0.42-0.5

0.17-0.37

0.5-0.8 <20.035

x4 BELZZH

Table 4 Cladding process parameters

Laser Carrier gas Turntable speed / Defocus Protective Scanning speed / Lap
power /W volume /min (remin ") amount /mm gas (mmes ') rate /%
1300 6 30 Ar 5 30
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Fig. 1 Laser cladding samples. (a) 100%Ni35; (b) 97 % Ni35+3%TiC; (¢) 94 % Ni35-+6 % TiC;
(d) 91%Ni35+9%TiC; (e) 88%Ni35+12% TiC
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Fig. 2 Samples after machining. (a) 100 %Ni35; (b) 97 % Ni35+3 % TiC; (c¢) 94 % Ni35+6% TiC;
(d) 91%Ni35+9%TiC; (e) 88%Ni35+12% TiC
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Fig. 4 Schematics of typical defects of the cladding layer. (a) Bubble; (b) powder agglomeration

1mm TM3030 NM D7.2 x40 2mm

undissolved; (c¢) crack; (d) crack, powder agglomeration undissolved, bubble
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Table 5 Hardness test results of cladding layers

Average / Standard
Sample Variance

HRC deviation

Substrate 14.9 0.071 0.005

1 45.8 1.581 2.500

2 47.8 1.297 1.682

3 42.6 2.380 5.663

4 45.5 2.753 7.582

5 43.8 2.623 6.882
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Fig. 5 Two-dimensional intensity contour map of Fe I 297.109 nm signal intensity. (a) 100%Ni35;
(b) 97%Ni35+3% TiC; (¢) 94 % Ni35+6%TiC; (d) 91 %Ni35+9% TiC; (e) 88% Ni35+12% TiC
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Table 6 Deviation from normal coefficient of Fe element in sample

Sample Total N Mean Standard deviation Median Deviation from normal coefficient
1 288 849.90781 132.2934049 851.283 —0.031173663
2 288 811.69767 169.9823797 812.896 —0.021146368
3 288 670.47218 108.9253181 669.245 0.033798754
4 288 705.26485 208.5320680 729.335 —0.346279835
5 216 629.20878 192.9595641 630.165 —0.014866638
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Fig. 6 Intensity diagrams of excitation signal of Fe I 297.109 nm at the sampling points. (a) 100 % Ni35;
(b) 97%Ni35+3%TiC; (¢) 94 %Ni35+6%TiC; (d) 91%Ni35+9%TiC; (e) 88%Ni35-+12% TiC
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Fig. 7 Two-dimensional distribution of signal intensity of Ni 1 301.200 nm. (a) 100%Ni35; (b) 97 % Ni35+3% TiC;
(¢) 94%Ni35+6%TiC; (d) 91%Ni35+9% TiC; (e) 88%Ni35+12% TiC
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Table 7 Deviation from normal coefficient of Ni element in samples

Sample Total N Mean Standard deviation Median Deviation from normal coefficient
1 288 1196.64405 192.9039379 1192.295 0.067635478
2 288 1210.15475 248.5504737 1185.92917 0.29240234
3 288 973.64481 163.7741662 967.3375 0.11553672
4 288 1112.75152 315.9001277 1129.24333 —0.156617316
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