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WC Nano-Particle Implanting Strengthening on Aluminum
Alloy Surface Via Laser Shock Peening
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Abstract We have developed a novel process: nano powder implanting via laser shock peening process, by which
the nano powders are squeezed into the surface layer of light metal alloys by the very high pressure (up to giga
pascals) induced by the laser shock peening process. Laser shock peening hardens the material surface by the laser-
induced shock wave and the residual compressive stress, it is typically a cold process, which is capable of avoiding the
defects like the melting loss of the lower-melting-point elements, porosity, cracking and surface deterioration
associated with a conventional thermal hardening approaches of aluminum alloys. This also eliminates the problem
when hardening a material with nanoparticles, that is, the easy melting of nano particles in a melt pool and then
solidified a microstructure without nano characteristics. This paper reports the work on nano WC powder implanting
onto aluminium alloy surface by laser shock peening, focusing on the process development. parameter influence,
microstructure, hardness, residual stress and wear resistance. The research approves that after implanting of WC
nano particles by laser shock peening, the surface hardness of aluminum alloy is enhanced by 20% , wear resistance
increases 5 times than that of original aluminum and 1.5 times than that of the only laser shock peened surface. The
surface tensile state of aluminum alloy is changed to be beneficial compressive state at the same time.

Key words laser technique; laser shock peening; implanting; nano particle; composite coatings

OCIS codes 140.3390; 140.3440; 140.3540; 350.3390; 350.3850

1 3 = TP S 2 R S AE S S R R v N T S
P NTEE N LA Va1 a0l K IKERT M2, [k 4E R

RS B HA: 2011-10-08; Y EIME AR HER: 2011-10-11

E£TH: EEAKBILEE S H (50735001 % B iR,

EE®E A B 21985, I ML A, EZ NS ARNEOE I L7 958 . E-mail: lliang701@163. com
SUH R Ay BPAECRR (1961—) , 53, S, B T, 32 S\ S O T T 6 RO Sl ) A O TE I AT AR

E-mail: zhml@ mail. tsinghua. edu. en(H1 [H ¥ %S4 515 :21009195)

1203006-1



H |

# ot

[ Wi - 2 T A2 R FH B B RS B 45 i 3 B 6 31
ABE R RE IR FE - AR AP PR BT RO AT (2 B Y
2% T RS JRE R 50 2 1) 2 T S P REBR ) 1 R A i 1k
JH 7 iy FUSE P S R o X 08 5 4 0 2 1) 2 Tl P
O ARIE T 2 Fh 32 101 Bk T7 i » A 45 55 5 1 Ok 4
A ORAL OGRS B 0L & 8 A L 2 F sk
7 FRBEBUR B 9 CR o (H L X B3R e 1
J7 ¥ R Z PR il AL 5 B 1 SF RO AR L R
FEE &P IRIE ROCR LS AL AF BB L T
B3 23 1 LS BEAR T AR B i R I TR

WOt bk 8 A (LSPY HAR , AR MO BEALE A,
el e M) R B (GW /em® 840 A ik vh (10~
30 ns BEOWOLME T T 4 8 2 WP RS B 714 gk
1718 S i 5 R et 0 A T < T A T A 4 T R
JEPERER A o 25 ofr o 304 14 08 {0 s 7 o 2 4 e ) 23
A5 JiE A 3 2 I AR R e A BB AR TE L R R
BRAR IR ) o BRAR s L 2 R AR S A A v B L
TIIR A 35 R0 3 KPR DT B 18 982 55 S 80T
A7 o [ R AR s IO A3 B AT AE S AT 5 |k SRS ]
B RO DT A 280 e AR 57 2 S0 R 1) 8 3l o S
WIFRBY AR A 5 A G LR A R A
FE L O why s A B BA R R RE L AR R A
A AR 1 i 55 22 Bl 00 7 R O s A B Rt 2
I 1 27 DU AR AL & sh L Jr i R B iR AL HeR 2 —
HA T 04 N AR

AN KB R T AR 2 R A 48 2K RUBE 200 T e
22 B T BEAC R RN R L AR AL SR A
N 20 HR A0 KR R R RE 5 A S 4
TARRIVERE . i1 T HC 2 0 REAR i - 2 KB R B 4 A
Y 8 AR T 2 RS 4 ) of A Rk o 2 AR X v i Ak B )
T AR D s A - B 8] I 22 2R 25 Ry 1 40 R R
JERHEPERE

HFHEOE i BEA S 255 40 KR R B Il R RE
REBTER & &R IE I — 2 AR RN E 55
WRE AT RERGEREERR. & THOL
ool S P B A R O R A T T IO T AR S gl A
T A B [ AR A e T L g TS Y 2% T 2 S
B o 2 THT AR 20 K R AE SO wh oty (4 g oh iy 10 R
AE 5 MRHA B T8 i R4 1 45 4 OF 52 LA K b RHTE
i o Ak L S I PR BE .

RPN IR &) R NG IR 2 &)l
ol RV N TR AIE 55 A R Bl A UL 1) A B AR A L
JE T A i 2R T Y e o R K R A SR AR T
WL CRERWLRD o A SCHE T HTBOE ol 07 1545

gk WC BORLTE A SE & 4 2 10 i 45 94k WC JUkL
HSRE R IRIZMEAR . TESE W 90K FOkR S5
FEAR Z 6] 1 LT85 bR 0 L 9 DK U J2 ) R R R JEE 45
SEPEREAE . BRI B S IR S WO i AN
K WC ORI A SR AL 55 G 4 22 10 BE B2 42 & 2 £ LA
e EE R BE AR X TR A PR AL HI S A et S
5% LA b AR AL HTBOE sl 19 55 B A R TR A
50% L4 .

2 SRR BRSOk

K1 s S o i i A 9ok WC JB0RL ] 4 5
ARG WRER R EE . bl R iR A 6 AR B
RO R O)Z 5 A R)Z A R R
(GW/em® S0k vh (44K 20O W' 3% 1o 37 W)
22 AT T8 S A AR T A I NE B R OR
W RO RE UL R e i 28 g itk — 2 IR
I RE B AR B AT AR A 0 A ot e B R )
ik 9 eh T2 B 2 RJZ 1 24 ST 1) B R AR AL 47
24 ety Y WAL T ) o o A Rk 2l 26 e AR 3 AR BRI
T BA ek S A B A T T AE B B4 32 )2 T2 BB A% T
J1 - R S TR R R JZ B A A . ok WC B0k
WRIEIAERNUZ S Hbr )8 Z 18] . 7+ 1% GPa f2
A8 L 3 A T+ 48 K UL T A <3 Je8 i (A S T
JLT- T4 G A F A R B 2 72 D LA e 5 Aol
a7 A i ST 4 5 5 3 ] A K IR 3 58 A2
WRIZ . ZRJZRE TR M MOCTE A 00 bl D A {F s g
I A S AR 04 A P I ] WSO B AT 2880 A
A o (5 < i AR I AN 52 B T e A

' foser pulse

—lens

l plasma .

shock effects

€

BT o bl R BORL TR AR AL 52 4 B R R

Fig. 1 Schematic of nano-particle implanting via laser
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Table 1 Component of 5A06 aluminum alloy (mass fraction, %)

Mg Mn

Fe Zn Al Other

5A06 Al alloy 5.8~6.8

0.5~0.8 <0.4

<0.4 <0.2 Bal. <0.2
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Fig. 2 SEM images of (a) surface and (b) cross-section morphologies after implanting nano-particles
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