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Development of Laser Decontamination
(Research and Fundamental Experiment)

Y. Fukui*, M. Nemoto*
K. Tanimoto®*, S. Terunuma*

Abstract

As the material is irradiated by laser beam, its surface is instataneously heated
and ablation. the contaminant in surface layer of radioactive wastes will be
decontaminated, . provided that such the physical phenomenon is used of
decontamination technique. The applicability with decommissioning of laser
decontamination technique are investigated by the research of the associated laser
techniques and the removing test with metal surface. The results of the research and
the test is as follows.

(1) The research of laser decontamination

On the YAG and the eximer laser beam, there were some study reports of the
decontamination, with the metal and the concrete. The structural material, the
biological shield, and the waste strage vessel, these objects were regarded as the
objects of the laser decontamination.

(2) The removing test of the metal surface by laser beam ‘

'The removing performance was examined by irradiating line forcused YAG
laser beam with the stainless steel surface. The average removal depth rose, in
proportion the product of the energy beam density and the number of beam pulse in
He atomosphere. The removal depth was obtained more than 1 ¢ m, in condition of
the laser beam energy was 400mJ and the moving velocity of the test piece was
0.25mm/sec. About 65% of the ablation products were collected, by the simple
absorbing system of the open type.

(3) Future plan

It is necessary, Examining the removing performance and the variable property
of the removal surface, investigating the decontamination technique of the large
area and the collecting technique of the ablation products, and so. Thereafter the
application to the decontamination will be studied.

* WASTE MANAGEMENT SECTION
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B &

Fi-1 UVL—HF b X Y REmTaER Mg A p1-D
PARTTIAL LIST OF CONTAMINANTS REMOVED BY UV LASER CLEANING

Water (liquid and frozen)

Fingerprints

Diffusion Pump Qil

Dioctyl Phthalate

Carbon Particles

Silicon Dioxide Particles and Other Silicates
Tri-chloroethane and Other Solvent Residues
Tricosane

“Hydrocarbons”

Aluminum Oxide Particles

Nonoxide Particles

Photoresist

F1-2 UV —F—EebIic AT L HAE ) A D

PARTIAL LIST OF SURFACES CLEANED BY UV LASER

Silicon

Gallium Arsenide

Quartz (bare and anti-reflection coated)
Nickel

Gold

Beryllium

Aluminum

Biack Anodized Aluminum
Black Polyurethane Paint
Indium Antimonide

Cadmium Telluride
Magnesium Fluoride Coatings
Polymers

Chromium
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1cm

Intensity profile of an excimer laser beam before (A) and after (B) bomogenization
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Pulsed | . Experimenlal arrangement
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Woly Wosk ) Staint pulsed-laser cleaning lo re-
i | | Staat move parlicutales on a sur-
"F™~ Liquid face
Laser Baom .
Homogenizer Glass Condainer

I ' I Gas Yolve Pulse Conirol
Pulsed I | I || I ||
Losar

Loser Trigger Timing Ganerolor
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TELESCOPE

CONCAVE MIRROR MIRROR

fmiman
EVACUATED 4
CRYOGENIC DEWAR

Apparatus for Ground-Based Mirror-Cleaning Demonstration
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CONTAMINATED LASER-CLEANED
REGION—\ REGION
———
50 um

Beryllium surface contaminated with SiO; particles and after UV laser cleaning
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‘S & CLEANED (0.6328 )
0 |-
= 10
0! — (_éf ‘
) . "..
-3 —.
10 A RaR, |l ¥0san n A

=50 0 50
THETA - THETA 0

"BRDF spectra obtained at 0.6328 pm on the Be sample after SiO;
contamination and laser cleaning
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EI3

313 RAVPMAPM) 9V TR ER LV —

— 4 — R L BRI

ALPS Laser Performance Requirements

Parameter Specification Current Measured Performance
Output pawer 6 kW —

Pulse repetition frequency 1000 Hz 1 Hz3

Pulse energy 6 Joules 6.1 Joules

Puise width <30 pt sec (FWHM) <20 p sec (FWHM)

Pulse power (averaged over pulse} <300 kW 300 kw

Initlal spike power <iM 0.7 MW

Bearn quality Seenote # See note ¢

Pulse energy repeatability +5% 2%

Pulse timing repeatability <200 nsac <50 nsec

*Under Phase | of the ALPS program, the UV-preionized pulser discharge head was developed to demonstrate
required stable discharge, pulse profila, and energy extraction. Tha pulse lests wers performed at no lfow and
low pulse repelition kequency {<1 Hz). Under Phasa )l the pulser head will be installed In a laser with a
cammand charga powar supply of sufficient capacity 1o drive the discharge al one kiloheriz repetition rate.
&The output from the laser must be of sufficient quality to transporl the beam through the beam delivery

system 1o the end efisctor.

¢The laseris prasently baing operated with an optical cavity that gives a quasi-uniferm "lop-hat™ output beam
profite, which has been used succasshully for bench-lop paint-stripping lests. Further work Is required to
develop an aptical cavily design (e.q.. an unstable resonalod) that is oplimized for the average power and for
the optical train that are envisioned for the ALPS protolype laser.

K+F Radiation

b

Sharp, weli-deiined Small Ejected
l Fragments
A { } Thin

edge *

Polyurethane
Ablated
Depth per

Pulxe*

Shaliow
Penetration Deptn

N G\o\'\{\\\\ _

ta}

CO, Radiation

Majority of l l
Fitm Thickness Y

Large Ejectad Fragments

d in
?b;:ll:e ; - Splmered Droplets
S%. g” f@»
@ % Palyursihane
@ Pootly Defined,
Light Fenetu!es Ragged Edge
10 Subsirale % Surisce Residue

e

N G{\{\\\\

(LY

7

Schematic drawing showing the difference between excimer and

CO, ablation of polyurethane. As the excimer radiation interacts with the
plastic, the light only penetrates a short distance due to strong ultraviolet
absorption. The shallow penetration depth causes only a thin layer to be
ablated per pulse. The accompanying debris is comparatively small. In
(b), the CO, radiation is very weakly absorbed and penetrates through
the entire thickness of polymer to the substrate. This results in the re-
moval of virtually all of the irradiated polymer in one pulse. Since the
high CO, intensity causes extensive melting, ejection of large liguid frag-
ments and droplets occurs.

M1-7 FERERMOMBEE-10

—164—




PNC TN9410 95-041

22 n o~

."'"-._ﬂ"\
.

NN o5
4
]
j M2,
24
/
S
11233297 XER 21—t
2 RSN~ 22 B&IE
3 i ESFHEE 23:%RY
4§ LI IE 24 1 RF U
B1-8 ﬁﬂ#zﬁ%’ﬁiﬁi(ﬁﬁiﬁiﬁbifﬁ‘ﬁ'éﬁﬁﬁﬁf&@“@

s

Buyuverd 3zwasaiy
1-¥ sInbia

Lo o P
T z
“ P
. - JNUD
i A R Pwo-
y .
\-
- .‘\

P P
K19 L—¥—mf RNy ¥y 7o@ERe-

—165—




'PNC TN9410 95-041

ISING WOBOLEA

fbmons-m

ubfaeq IeTqIOM
£-¥ exnbTa

SWATH ADRISTMENT
FROM 0.125° -5

\

1

\\

N

loser XeCl - excimer pulse duratien " 1 = 30 ns
wave length "k = J08 nm pulse quonfity ~n = 100
workpiece  :amorphous fiyence w
material metal
(©LZH 1988

RI-11 7ELZ7RAEROL—HF—F7 T — a v OF)

Threshold fluence for removal

of amorphous metal

foils.,
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Etched pattern in 25um
free standing Cu foil.
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3 sof
g
= &0}
Etch Rate vs. Fluence g
for Cu in 1 torr C]2, i 30} .
308 nm, 1Hz. =
20t
10}

005 01 .
Fluence {Jem™)
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s
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