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Microstructure and Element Diffusion Behavior at Interface of
Fe-Based Coatings by Mechanical Vibration Assisted Laser Cladding
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Abstract Fe60 alloy coating is fabricated on 45 steel surfaces using mechanical vibration assisted synchronous
powder feeding laser cladding process. The microstructure of Fe-based cladding coating and bonding interface, phase
composition, element distribution characteristic and diffusion behavior at the interface are investigated by optical
microscope (OM), X-ray diffraction ( XRD). scanning electron microscope ( SEM) and energy dispersive
spectrometer (EDS), respectively. The results show that the bonding interface are complete to cellular dendritic
crystal growth, the main phases are composed of (Fe,Cr) solid solution and a small amount of (Fe, Cr) ;C;, Fe;B
and Fe, , Si,.,;, compound. Mechanical vibration energy causes dendrite Fe, , Si,.; discrete from dendrite internal to
interdendrite, and a large amount of (Fe, Cr) solid solution remains in the dendrite internal. Higher mechanical
vibration energy leads to better element diffusion in laser molten pool. Meanwhile, the effect of vibration amplitude
and frequency on the elements distribution and grain refining at the bonding interface front are also different.
Increase the frequency is beneficial to the directional dendrite growth and increase the amplitude is beneficial to the
dendritic dispersed distribution at the bonding interface front 40 um scope. Increase amplitude is more advantageous
to the Si and Cr element diffusion at the bonding interface.
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Table 1 Chemical composition of 45 middle carbon steel and Fe60 alloy powder (mass fraction, %)

Chemical composition C Si Mn Cr B Ni Cu Fe
45 middle carbon steel 0.42—0.50 0.17—0.37 0.50—0.80 <0. 25 — <0.30% <0.25 Bal.
Fe60 alloy powder 1.0—4.0 2.0—5.0 — 20—50 2.0— 4.0 10—20 — Bal.

2.2 REHE

WOCIE A 2 M 4172 GS-TFL6000A 4 6 kW i 241 CO, Ot as b HELE 1Y T 5l DU IR ) 75 1] 7 8ds
MUK .GS-TEL BUHOE [R5 3%k #5 F1 ESS-025 RIARENR 20 R4 L3LF S . IWHE T 2S5 T BT R
3.8 kW BEE LI H AR 6 mm; O EE 500 mm » min™'; B A8 55 mm, R0 H XL, ZH5E
20 g+ min ', AL 99.99 YOMImLRYT, KW 25 Lo» min ', OB E B R b R Bt AL AR PR 30 .
BUBAIR 2 75 1) 3 5 T O 7 ) R SO B 5% . IR3 T2 80 IR IE S [ 0. 05~0. 15 mm, #z3)
R 100~200 Hz, AHRN IS5 FIR S S 803k 2 Pios . Ui T205 - SR LR 20 Bo's
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Table 2 Experimental parameters of vibration

Sample No. Al A2 A3 Bl B2 B3 C
Frequency/Hz 100 100 100 200 200 200 0
Amplitude/pm 50 100 150 50 100 150 0
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SRR BRI OC S 0 EAK R VAHCD . VAHNO;) =31 B 80 52 T8l ) i 4 AR RE | D) R 4T
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2 SR 22 (R 25 4 S E AR 1 A TE SR . 5 B EDAX-AMETEK — &40 BE 35X (EDS) Xt 45 & 5 1w 5 il (1
TCE 53 A AR S P 5 AN A 2 A L TR A S ] 1 ek XR34S X AT e AL Hr . il D/
max-3BX # X GF AT (Cu B Ko LK 1,540 6 nm, B HL IR 40 KV AN 30 mA L AT 5t A 78
20°~90°, % L F AR 2O XA U 2 E AT A RAE

3 R HVHE
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Fig. 1 Microstructure of laser cladding coatings with or without mechanical vibration
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Fig. 2 Vibration energy of laser coating samples under different amplitude and frequency conditions
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Fig. 3 Microstructure at the bonding interface of laser cladding coating with or without mechanical vibration
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Fig. 4 XRD patterns of laser cladding alloy coating with or without mechanical vibration
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Fig. 5 Position of EDS point analysis in coating and bonding interface under with or

without mechanical vibration conditions

# 3 A TCHUNAR 3 T BOLE AR 2 S H ST AL £ 5 1K) EDS 23 Hr 4

Table 3 EDS results in coating and bonding interface under with or without mechanical vibration conditions

Sample Position Cr Si C Mn Fe
1 9.72 5. 61 3.01 0.49 81.16
2 12.61 6.34 4.03 0.42 76.62
Al 3 17.22 5. 11 3.37 0. 33 73.96
4 14.13 6.79 3. 45 0. 39 75.23
1 12.24 6.57 4.10 0.45 76. 64
2 12.97 6. 68 4.26 0.43 75.66
Bl 3 12.74 7.53 5.85 0.45 73.43
4 17.28 6.11 5.03 0. 33 71.26
1 9.75 5. 04 5.28 0. 54 79. 39
2 12.83 5.97 3.41 0. 40 77.39
3 13.18 5. 66 4,17 0. 45 76.54
B3 4 14. 34 8. 34 5.21 0.43 71.69
5] 15.42 6.30 4.68 0.43 73.17
6 17.74 4.43 4. 60 0.53 72.70
1 12.33 5.56 5.01 0.40 76.70
2 6.19 0 3.13 0. 50 89. 82
¢ 3 20.70 3.71 3.41 0.40 71. 36
4 13.10 6.54 4.09 0.67 78. 88
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Fig. 6 Interface elements characteristic between diffusion coating
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Fig. 7 EDS line scanning results of Si element along line bonding zone for different coating samples
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Fig. 8 EDS line scanning results of Cr element along line bonding zone for different coating samples
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