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ABSTRACT FIBERLASER ON THE GRAPHITE SUBSTRATE

In research on ablative laser removal of fuel and co-deposits from PFCs,the  Theidea of the experiments with the fiber laser was basically to perform two series of laser shots:

parameters of removal are commonly expressed in dependence of laser (1) with the constant repetition rate but with variable pulse energy which illustrated the behaviour of the phenomena in conditions of variable
energy flux defined as J/cm® and calculated for single laser pulses or series  both power density and fluence

of pulses. Due to variety of recently available laser systems for removal (2) with constant energy in the laser pulse but with variable repetition rate which illustrated the behaviour of the phenomena in conditions of
applications, which can provide pulses from broad ranges of energy and  the constant power density but with variable total fluence.

time, this approach is no longer sufficient. The limitations of the fluence  Thefirst series were performed with irradiation time of 20 s, the second one with 10 s.

model is especially clear when comparing removal with the use of short

pulse Nd:YAG lasers operating in single nanoseconds and a part of J

regime and fiber lasers operating in the regime of one hundred THEPROFILES FORVARIABLE POWERDENSITY

nanoseconds pulse duration and single mJ energy.

To complete the fluence model and make it applicable for assessment of the * o = Th . t * 4 with d .

laser removal efficiency, the information on laser power density should be 0.7 e © exlperlmeln St vrvt_ere fpe ?rmj 9 W t Oe(1:reajn.g

included into it. It is obvious that especially for longer and low energetic s i I energy ina puise tarting rrom 1 mJ down to .1 mJin
i 20 second series. The irradiation resulted in power

pulses, the decreasing power density can have deteriorating influence on
ablation rate even for high energy fluence. While the removal process can
be monitored by the LIBS, the power density threshold for the correct LIBS
characterization should be determined.

The contribution includes a comparative experimental study on the 0.3
iInfluence of the laser power density and energy flux on the ablation rate for 0.2
Nd:YAG and Yb:fiber laser systems. The ablation rate in function of fluence N
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density on the target from the range from 1 to 10
MW/cm?® while the beam was focussed to
approximately 350-400 um.

After the series of pulses the laser induced craters
where measured with the use of profilometry. The
craters had regular gausoid shapes which confirms the
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is estimated for various power densities from a wide range from 10°to 10° high quality O]f the beam and suggests the linear
W/cm? by the means of profilometry of laser induded craters. The thresholds | ans _cll_ﬁpen_dte neeo :Ee pl)c}llverden?[lty on tlhe rehm_o\ﬁl“rate. ,
for LIBS observation are estimated with the Mechelle 5000 spectrometer. L ¢ tehplc urte on de't 63[‘; resef!? S '?'rfo ourt €19 thm?e‘t
As the targets for the laser irradiation there were used various C, W and Al E=1mJ, D=370um, H=366 um, P, , ,10MW/cm’ OF Tie Lrarer antd s S profiie. 1he trater oh the 1e

was induced by 1 mJ pulses.
The craters shown below illustrate the evolution of the
crater with decreasing power density.

(as beryllium analogue) samples.

EXPERIMENTAL SETUP
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E=0.9mJ, D=360um, E=0.8mJ, D=360um, E=0.7mJ, D=350um, E=0.6mJ, D=250um,
o H=240 um, P, , 9.4MW/cm’ H=212 um, P, , .8.3MW/cm’ H=110 um, P, ., 7.3MW/cm’ H=38 um, P, , .6.2MW/cm’
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» Pulse The obtained results allowed for estimation of the relation between power density and "
target .g generator volume of the laser induced crater. The points on the graph were easily fitted by a linear 0,05 - .
" 2 function. The dependence is presented in figure on the right. 1
a Estimation of the curve allowed for calculation of the threshold power density for g™
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spectrograph S The second part of the experiment with the fiber laser included was to measure the L
craters depth in function of the repetition rate of the pulses of constant power density power density MVW/cm?2
: obtained in previous experiments for the maximum pulse energy. The sample craters
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Therecent experiental setup atthe IPPLM contains two lasers: E=1 mJ. D=400um E=1 mJ. D=390um E=1 mJ. D=350um toro.
. . . - y T y - y T y - y T y 010 5 [
] Nd'YAG dellverlng 3 ns, 0.6 mJ pu_Is:es a’g 1064 nm and up to 10 Rz H= 250,Rep. rate 100 kHz H= 228,Rep. rate 90 kHz H=77,Rep. rate 60 kHz 054~
repetition rate which allows for obtaining high peak power in range of 15 20 25 30 35 40 45 50
10" W/cm® but rather low average power of 6 W | total fluence [k./cm2]
- Yb:fiber laser with 1mdJ, 100 ns pulses at the repetition rate 2 100 kHz 0,18
with flexible both energy in the pulse and repetition rate control which 017 _
offers obtaining the averege power of 200 W and peak power inn range 016 Nd:YAG LASER ON THE GRAPHITE ANDALUMINUM SUBSTRATES
2 ]
Iorf 1tgel\ﬂ\e/§/</cerrr]irhents due to broperties of the power amplification and E 0. The interaction of the Nd:YAG irradiation was tested on carbon and aluminum substratesin
Ulse forraation N the Nd_$A£ laser. the Ndp'YAG Iasepr s the main 20,14.' vacuum, in 100 Pa and in atmospheric pressure. The pressure had a big impact on the
gource of triqaering in thé svstem 'i'he Iase.r trigaers the Mechelle 5 o013 surface area and the depth of the craters. While in vacuum the craters were deep and
S ectrometerggche gCD Came);a and the pulse er?grator which is the 5 oo narrow, in the ambient atmosphere, the screening effect of laser generated plasma led to
trFi)ggering sou,ce for the fiber laser P J 0,11.' formation of shallow craters with larger diameters. In vacuum, the craters in the graphite
Mechelle 5000 spectrometer equipped with the Istar CCD camera . had a diameter of a part of a micrometer and could reach alarge depths of a few hundreds

of micrometer. The dependence of the power density on the volume for a constant pulse
energy is not straightforward as in case of the fiber laser. The dependence taken for the
narrow region in vicinity of focal point is shown on the left. The graph shows that there is a
optimal focussing regime which allows to obtain the highest crater volume. Such a crater is
not extremely deep which takes place when the power density is higher, but the bigger
crater diameter makes the volume considerably larger.

The experiments on the aluminum plate shows the morphology of the craters which takes
form of the interferometric rings. This surface structure due to its optical properties may
introduce errors to the measurements of the profilometer and should be further
iInvestigated. Asample crater and the whole plate with craters are shown on the left.

allows for the observation of the optical spectra in 200-1000 nm range
with good spectral and time resolution which allows for the observation
of the evolution of the soectrum of the expanding laser-plasma cloud.
The high resolution (2400x2400 pixels) fast CCD camera allows for
observation of the laser produced dust with time frame down to 10 us.
The photos are most often taken ~40 us after the laser impact due to the
maximum of the production after this delay.

The samples including graphite TEXTOR limiter and W:C AUG divertor
samples as well as various calibrated samples are mounted on the 1D
motion stage in the vacuum chamber. The position of the sample may be
adjusted manually or with the use of a PC system which also allows for
motion with a velocity given by a maths formula.The chamber besides of CONCLUSION

allowingto obtain the pressure of 10" mbarr is equipped with two  Qperating in different power density regimes results in quite different phenomena leading to
micrometer valves which allows to introduce the ambient of a mix of

gasses. In recent experiments Ar, He, O, H, N and their mixeswereused  Crater formation which can be learly seen by the means of profilometry. The difference is

with pressures from a part of Pa to a few hundreds of Hpa. : - TR : : :
The part of work presented in this contribution mainly includes the especially important when the power density is high enough that it produces big amounts of

investigation of the laser induced craters which were measured by the ~Plasma resulted from interaction with the gaseous atmosphere.

means of Nanovea profilometer. With the application of the XY Ragylts allow for estimation of the power density threshold for the process of the removalof
motorized stage and Z detector head, the pofilometer allows for

obtaining 3D images with the XY resolution of 25 nm on 50 mm distance  graphite with a fiber laser which may very useful, especially that this threshold is significatly

and 2.5 nm depth resolution on 1.2 mm total detpth which is satisfactory h|gher thanitis for a standard Codeposit
for the number of laser pulses in the experiments. '




