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Abstract Nanosecond laser damage of several aluminum and stainless steel are investigated, which materials are
commonly used in the target chamber of laser drive inertial confinement fusion (LICF) device. The experimental
data on mass removal and ablation depth during 1064 nm, 8 ns fundamental frequency laser ablation are measured.
The results show that the aluminum is ablated obviously when the laser fluence is greater than 1.0 J/cm®. The ablation
rate of aluminum increased slowly, which has an average value of 2.31+0.89 pg/cm®shot under laser fluence of 1.2~
5.2 J/em®. Furthermore, the ablation depth of aluminum increases with the increase of laser fluence, while that of
stainless steel increases at first and then decreases. Aluminum alloy’s ablation depth is significantly higher than
that of stainless steel. The ablation mechanism is discussed. The 1064 nm laser absorption of stainless steel is much
higher than that of aluminum, which effects the laser energy deposition processes. This study is very helpful to LICF
target chamber materials’ selection and laser drilling or cutting of the metals.
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Table 1 Chemical composition of different types of aluminum alloys (mass fraction, %)

No. Cu Si Fe Mn Mg Zn Cr Ti Al
5052 0.1 0.25 0.4 0.1 2.2~2.8 0.1 0.15~0.35 / Balance
5083 0.1 0.4 0.4 0.4~1.0 4.0~4.9 0.25 0.05~0.25 0.15 Balance
5657 0.1 0.08 0.1 0.03 0.6~1.0 0.03 / / Balance
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Table 2 Chemical composition of stainless steel 409 (mass fraction, %)

(0 Mn P S Si Cr Ni Ti Nb N Fe
0.01 0.3 0.023 0.001 0.41 11 0.25 0.17 0.15 0.012 Balance

223 MBS B S R

Table 3 Some physical paramelters of the material®

Conductive Melting Latent heat of Gasification
Density Specific
No. coefficient , point fusion latent heat
/(glem’) heat /(J/kg- K)
/(W/m-K) /°C /(J/kg) /(J/kg)
Al15083 201 2.68 900 660 3.9x10° 1.13x10’
Stainless steel 409 16 7.74 468 1427 2.47x10° 6.95%10°
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XA [ OO0 B % BE R, 500 A4S ik w4 B S 09 0T B2 2R (3.14 mm®)iEAT 77 S A0 81, 75 31 1 A ik b S B
AT AR b 1 B B 2R TR AN 3 TR o BE OB RE B BE RSN, AR A 4 00 BT 4 0 R R B KOG B T AN
1 5T A AR R U S B 0 S BRI . 3 AR G A PR i B R A 25 R K RS B TEOGE 8 R T 1.0 Jem® i
BIAT B ke i, WOE BE 5% O 1.2~5.2 J/em® B, BT a1 2K B SO AR I %5 R B K S8, JLOF 34 o o K
oA 2.31£0.89 pwe/em®s TERAR 2 B (1~4 Jem®), A5 89 0% 0T & P 2% BR B W &5 T 40 A 4 5 1 7F 88 i 3l 1
B (>4 Jem?®), REWH TR E R TR EG S . EHOCERT &8 R S7E L HE 00T 1 B0 7l 34

5
&
g 47
o
EE
oy
g ol
8
=1
£ 1t —=—stainless stel
= / e AI5052
2 o ——AI5657
—— Al5083
—1 . . A . s
0 1 2 3 4 5

Laser fluence /(J/cm?)
513 NG5 R A AR A 4 U1 o o Tt 238 (B A7 - /o) FHBON BB 3t 25 B 19 G R

Fig.3 Ablation rate (unit: pg/cm*/shot) of aluminum alloy and stainless steel versus incident laser fluence
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Fig.4 Three—dimensional images of ablation crater in A15083. (a) 1.23 J/em’; (b) 2.51 J/em’; (c) 3.12 J/em’; (d) 4.96 J/cm®
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Fig.6 Images of ablation crater in stainless steel under different laser fluences. (a) 0.7 J/em®; (b) 1.57 J/em®; (c) 4.59 J/em®; (d) 5.21 J/em®
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Fig.7 Ablation depth (500 pulses) of aluminum alloy and stainless steel versus incident laser fluence
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