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Surface Nano-Crystallization of Austenitic Stainless Steel Induced
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Abstract The stainless steel sheet of AISI-201 is shocked by means of Q-switched Nd: glass laser setup with the
1064 nm output wavelength, 20 ns short pulse and 5 mm beam spot in diameter. The microstructure evolution of the
shocked layer is analyzed by using the thermo-field emission scanning electron microscope (TESEM) and transmission
electron microscope (TEM). The nano-crystallization behavior induced by laser shock and the mechanism are
analyzed, as well as the effect on surface hardness. The experimental results demonstrate that the nano-crystalline
grains with 20 ~ 50 nm in diameter are obtained on the surface layer up to the depth of 300 pum of the shocked
stainless steel AISI-201, and the amorphous phase is also observed around some nano-crystalline grains. The hardness
of the nano-crystallized surface is increased by 36% in comparison with the matrix of the stainless steel. It is
considered that nano-crystallization process results from the co-action of grain’s smashing up and crystal’s defects of
original austenite grains under the combination effect of the super strain rate and super-high power of laser shocking.
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Fig. 1 Setup of the laser shock experiment
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Fig. 2 SEM image of laser shocked AISI-201

stainless steel
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Fig. 3 TEM image of AISI-201 stainless steel by single laser-shock (a) and its electronic diffraction pattern (b)
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Fig. 4 HREM images of AISI-201 stainless steel (a) and single nano-crystal (b) by laser-shocked. A is amorphous,

B is nano-crystaline
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Fig.5 Micro-hardness distribution of shocked zone of

austenitic steel from surface
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Fig. 6 Schematic illustration of laser shock processing. (a)
laser shocked element, (b) energy distribution model

of laser pulse
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Fig. 7 TEM image of a grain of austenitic stainless steel

AISI-201 before laser shocking
IO Ay O it R e AR R v g e AL W R R
M iR L L . SIS LMY RY R Z HT
(Zener-Hollomon Z %) , B i@ 8 5% W J& 42 ifi £7 fig >
MCAE B A TS S 1 SRR SE DL BT R $ s TR AR 4%
ERE A P 4S  EZE AR ALERE ., 2% E M
X Fe, C-Mn 84, Ni HlB QA A B B 55 — R 51 4
&5 A& TIVER SIS P4 LR FsE, KRR
FE S AL B AR R SE D Buk T Z R
Z = explQ/(RT) ], (D
X’ AR R, Q NIE A WIS BE R N R
B, T AT 20 L Z DR 746 0 A8 AR A
BLES G B » N A D B 7 i) 2245 24 5
1) Sellars [ %45 Fop m )
D=CZz", (2)
X C' nD A HEL
2) Sekine 2§ % Fips £L0 ,
D= C(ga) «Z", (3
WL NN b M i
F SO ek 4 0 A 3 R R R R 2O [
FHLHIE A R L BT LAOE vhly 99 & A0 S 09 ok R
D ERAESEZ BT, S DG
AN IR 3% 220 A b BB RE L o o b4 ORE S H A
VAR 2 T T R i 1 i b AR T DA fit 47 A2 85 1Y) B
it UG PR 45 a1 s 0 o 20 A ] I 6475 2)
Zener-Hollomon Z: %1y ¥y #L 3 SC b AL 486 AR B T
& IE T AR 0%, DL R AETE A8 it 47 AR 1 KN, sh& 1
gk R B AR (0. 6~0. 8) T, (526 M B} 19 15 1k
L) 2Z 8] ARG vh o 8 BB O 2R AR T i R
TEWOG s 1) 32 252 ) PR 2K b SR A AN 95 L BE A
FH 10k B A 2 A TR 4G R o O E Y 3D
o R AR AR T N A TR AR TR A% R
Kb SR A B A3 vh s 9 — Bh - Sh B 5 0SS5 1

0603028-4



TR R WOt SRR AR R 2 90

T A AL . DR 1 [ AR B 2 5T 0
PR AR AL A+ 8 A T sl B M R SR A7 B (IR BB (&6
Hey 1 AR A o (LK e AR Ak 8 I AR SO vhai 1
AEHELIY AL W SAFE T AT RE 58 MU A% A K T
i 0 B R 4 50 B B R KL PN R AR R
R N R ES I PP L B iR | B |
TEA% -l L REBRI 1 B 20 2143k T JEUAL T] 8 /) 1Y
v KL LA o ot BB i s O A B S BRSO nhif
A AL B T A B RE R AR

P LA A5 0 ol ol £ 8 25 0 R R A R
LA T by DR AR BRSNS o J5U B AR L
TESP AL A K i 1 R P AL T 8w B AR S 1Y

B AL B R B AR L O R AR S AR L. AR
AL T I A 4 558 5 A A5 S0 9 0 B
ok JEL R AT 19 it A 2 W AR AT s A T HE 5 B
R 1Ay DX 35 TR 3 BT 119 T2 o B 5 T A — 2 5 BE
PRI 10 DX 35K o 40 & Ak B o 8 2% e B i 53 =2 1]
) BB R T L AT 5 9 5 5 RS 1 DT 1 3 E R
X A AT 2 AR b AL EUR 2 [ S8 AR 0K 8 A [
Mg lk. 188 Ot ob i 44 fi 4L )2 19 HREM [&]
B UESE T EaR BREE AL 18 A X SE B G K T AN 7E
PO o R LR AR TR AR A 1) 2RO
FHIE

Bl 8 ot il @ AL E A ) HREM B . () R4, (b) S04 5 Mk AT, (o T & 7
(DG dhF LI+ 1 T8 T HES

Fig. 8 HREM images of microstructures of nano-crystalline grains induced by laser shock. (a) partial dislocations. (b) dislocations

and site lattice kink, (c¢) sub-grain boundary, (d) disordered arrangement of atoms between nano-crystalline grain

boundaries
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