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Laser Strengthening Nano-Composite Plating Al,O; Coating
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Abstract Nano-Al, O; coating was prepared on the surface of H13 steel by nano-composite plating (NCP) and then
treated by high power continuous wave CQ, laser. Scanning electron microscope (SEM) was used to observe the
surface and cross section morphologies of coating before and after laser treatment. Energy dispersive X-ray
spectroscope (EDS) was utilized to analyze elements distribution on the surface of coating before and after laser
treatment. X-ray diffractometer (XRD) was employed to analyze the microstructure of coating before and after laser
treatment., The changes of micro-hardness and coefficients of friction before and after laser treatment were observed.
The results revealed that strengthened coating had good performance such as flat surface, uniform component, fine
microstructure and metallurgical bonding with parent metal. Nano-Al, O; particles were distributed on the surface of
strengthened coating uniformly. The micro-hardness of the strengthened coating was 1.5~1. 8 times of untreated
coating, while its coefficient of friction was about half of untreated coating and one third of parent mental. For the
surface of strengthened coating and parent metal, grain-abrasion was dominate, however the NCP Al,O; coating
included grain-abrasion and sticking abrasion.

Key words laser technique; laser strengthening; nano-composite plating; nano-Al,O;; microstructures and

properties
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Table 1 Chemical composition of steel H13 (mass fraction)

C Si Mn Cr

Mo \Y% P S

0.32~0. 45 0.80~1. 20 0.20~0. 50

4.75~5.50

1.10~1.75 0.80~1. 20 <0. 030 <0. 030

R2 HREAEIZIRREY
Table 2 Processes and parameters of NCP Al, O; coating

Processes Plating

liquid

Electric pole (normal polarity
or reverse polarity)

Working
voltage /V  movement /(m/min)

Relative velocity of

Electricity cleaning Electricity cleaning liquid

Strong activation Activation liquid A
Weak activation Activation liquid B
Special nickel

Nano- Alz ()';

Plating base coating

Plating work coating

Normal polarity 10 9
Reverse polarity 10 9
Reverse polarity 14 9
Normal polarity 12 9
Normal polarity 12 9
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Fig. 1 Surface morphologies and element analysis of NCP Al,O; coating

(a) surface morphologies; (b) magnification of (a);

(c) EDS of NCP Al;O; coating; (d) surface distribution of element Al on NCP coating
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Fig. 2 Surface morphologies and XRD patterns of laser strengthened coating

(a), (b) and (c¢) surface morphologies with different magnification; (d) surface distribution of element Fe, Ni, Al, Cr



7 R F. KRR EH ALO, REOLRA 1001

AP AKRRE SEEZEMRE, FEZHOLR
RE 2= /EH T WM 99 oK L B4 B W) 5 43 B
AL A5 18] B T8 BR , BOAC 48 VR o ) B i 2 K R
Fe,Ni,Cr &R, FRMEEEZKRIBTLEE
BEMEH. BT Fefl Cr xRWAEEM Al TH
A2 AR AL, T Ni TR S AT =F M52 H Ni &
BERRLERT R, XWEEWEREEREYREFZ
—. BEEBOCIE MRS TP R T ok AL,
o E# IR E R RE .

B 2(c) i ¥ 59 43 A B B 68 B0R0REL 72 B R B N

# Iron nickel (Fe,Ni)

4 Irom chromium (Fe,Cr)

. 3
252 v aluminum oxide (x-Al,,0;)

216
180 3
L 144
B 108 1

0
32 36 40 44 48 52 56 60 64 68
0/(%)

B3 WOtmALZE X M LATA A Hr

Fig. 3 XRD patterns of laser strengthen coating
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Fig. 4 Cross section morphologies and element distribution of laser strengthened NCP coating

(a) cross section morphologies after laser strengthened; (b) cross section morphology of laser strengthened layer;

(¢) depth distribution of element Fe, Ni, Al, Cr; (d) distribution of element Fe, Ni, Al, Cr
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Fig.5 Microhardness curve of cross section
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(a) base materials; (b) nano composite coatings;

(¢) laser strengthened layer
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Table 3 Comparison of friction coefficients in

the same condition

H13 Nano-Al;O; Strengthened

coating coating
Friction coefficients 0. 538 0. 393 0.195
Abrasion weight/mg 2. 03 1.12 0.52
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