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High Dense Dislocation Structure Formed in Repetitive Femtosecond Laser-driven Shock-loaded Iron
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(Received August 22, 2014)

We investigated the formation process of dislocation structure in iron which had undergone repetitive shock load-

ings driven by femtosecond laser pulses.

3.1 um of the surface and that maximum hardness reached 2.2 times harder than that of matrix.

Hardness test using nanoindentation showed an increase in hardness within

Crystal orientation

analysis and transmission electron microscopy showed that microbands with high density of dislocations were formed

within 3.0 pm of the surface, which corresponded to the hardened region.

These results indicated that the main factor

of surface harden-ing was due to the formation of high dense dislocation structure induced by superposition of femto-

second laser-driven shock loadings.

We suggested that the formation of local dislocation pile-ups accompanying re-

petitive shock loadings in-duced the difference in dislocation mobility within the shock affected region, and that the

difference promoted the disloca-tion pile-ups, which lead to the formation of microbands.
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(a) Irradiation of femtosecond laser pulses.

EBSD measurement

Fig. 1 Schematic illustration of experimental procedure. (a)

Irradi-ation of femtosecond laser pulses was performed
on the mirror finished iron. (b) Hardness and micro-
structure of cross section of the repetitive shock-loaded
iron were analyzed using hardness test using nanoinden-
tation, EBSD measurement, and TEM observa-tion.

XYY T BIORKTERS NS R T L EKAM :
Kernel Average Misorienta-tion) & F\> T, #& & 7 % & BFMl
L7z

KAM =1 310, (1)
j=1

CZ T, FMES & jHORRAMETRL, WE
i EFEBOMES ;L OFNEDFIHMETH 5. KAM I,
5 SEFHO T2 RDITINT A—5Thb. Ml
WIZERALAFAET A4, TORBIZBWTHMED AL
%3 fEo T, KAM S A ld s o il ek 3 %3, #IR
4 4 ¥ ¥ — 4 (FB-2000, Hitachi High-Tech. Co.) (Ga®, 30
kV) 2 vy, L —HFRRENC X o TR L 2@ 2 s L
< 5 Wi % 100 nm OJE S I2# L35 2 & T TEM @i

e 2 E8L L 7. DIETEIE 200 kV (2B C TEM #l%
T 7.

3. ERERBIUVER

31 EIAEE

il S AERTR O SEM BG4 R % Fig. 2(a) IIR" ¥, F72M
BO72OFEDO L —FREIZBNT, =70 2D S
HFE% 10 um/pulse & L T, L — WA 24T o 7230RHI
L O StBrz 1T o 72 B S Bt O SEM Bl 1 %
Fig. 2(b) IR T, WINDOEMFIIBWTY, HIEHEBOT
EHRT, FMOLIREINS K o TWEzD, KE
fFECTHAL L TWAHZ Edbhol, 7o MhL—3
WVADRBEEE EWALE S OBBREH S 22T 5720,
%4 OWGHBESRMICBWT, RSS2 54 %5k
Wiz FOFERE Fig. 2(c) IIRT. I CTEEBAE X 1Z)



48 FAERL MH, KR, BH, R, B 7 A MY L —PERENE TR 2 4k D K LA Lok O S B i R AL

T T
e 175 mm/pulse

(C) 65F e ©  10um/pulse

Hardness (GPa)
>
wn

©° o0 e o © 280, oo %o e d

30fF 00 o *%wd P e, 9 o%%go 20 Bo.0 g
° . . . 'y 084 e

© & e L)

T S I

Depth (um)
Fig. 2 Results of nanoindentation hardness measurements of
femtosecond laser irradiated iron. Cross-sectional
SEM images of iron after femtosecond laser irradiation
at (a) 1.5x10" W/ecm?, 1.75 um/pulse, (b) 1.5x10 W/
cm?, 10 pm/pulse, and (c) hard-ness dependences on
depth.
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Fig. 3 EBSD analysis after femtosecond laser irradiation. (a)
In-vers pole figure mapping. (b) Kernel average mis-
orientation map-ping.
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Fig. 4 TEM images show the change of dislocation struc-
ture along shock direction. (a) Microbands structure
at | um from the surface. Arrows show the periodic
micro-bands. (b) Intersections of dislocations under
the micro-bands structures at 3 um. (c) Little inter-
action of disloca-tions in lower region at 9 pm. (d)
Distribution of disloca-tion density versus depth.
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Fig.5 (a) TEM image of single shocked iron at the laser inten-
sity of 1.5%10'* W/cm? below 3 pum from the surface

showing that dislocations exist uniformly. (b) Magni-
fied TEM image of micro-band in repetitive shock-
loaded iron at the laser intensity of 1.5x10'* W/cm?, the
pulse interval of 1.75 pm/pulse at 1 pm from the surface
showing pile-up of dislocations. The inset shows elec-
tron diffraction pattern of the selected area.
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