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Abstract

Recently plasma etching research has been focused on the metal surfaces in the nuclear indus-
try. In this study, surface etching reaction of metallic Co and Mo, principal contaminants in the
spent nuclear components, in CF,/O, gas plasma has been experimentally investigated to look into
the applicability and the effectiveness of the technique for the surface decontamination. Experi-
mental variables are CF./O, ratio and substrate temperature between 290°C and 380°C. Experimen-
tal results show that the optimum gas composition is 80%CFs - 20%0; and the metallic Co and Mo
are etched out well enough in the temperatures range. Cobalt starts to be etched above 350°C and
the etching rate increases with increasing substrate temperature. Maximum rate achieved at 380°C
under 220 W r.f. plasma power is 0.06 gm/min. On the other hand, the metallic Mo is etched easily
even at low temperature and the reaction rate drastically increases as the substrate temperature
goes up. Highest rate obtained under the same conditions is 1.9 m/min. OES (Optical Emission
Spectroscopy) analysis reveals that the intensities of F atom and CO molecule reach maximum at
the optimum gas composition, which demonstrates that the principal reaction mechanism is fluori-
nation and/or carbonyl reaction. It is confirmed, therefore, that dry processing technigue using re-
active plasma is quite feasible and applicable for the decontamination of surface-contaminated

parts or equipments.
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Fig. 3. Co etching reaction rate vs. O, mole fraction
at 380C (total flow rate : 100 sccm, reaction
time : 120 min.)
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Fig. 4. Co etching rate vs. substrate temperature
under 220 W rf. power. (total flow rate: 100
sccm, reaction time - 120 min., 20% O. mole
fraction)
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Fig. 5. Co surface morphology by SEM (a) before
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%) gas plasma.

vl

A ER Faes Hop AHI whgo] Hy W
1

3.2. Mo A2t Mg 2

B4 2elud iyl s1A 24w §E wes
AYE BE TdE 499 5U% PPz 53
B9t Fig. 62 rf. 28 220 W, &% 3807,

=

% 100 scem, WHEAIZE
= & W10, 15, 20, 25
%)l g d¥ATge|ch o] aged & F 9l

Fol &% IUE A MAY 0,9 FE8°] 20

%Y W7l CF/0, E3714 Zetzvlel Beuy

9 Ao WS T HH) de & 9
A8 A



| 3473 A1s 2001

2 nAskE wgAZEE 77 1208402 st
L£EE 2907, 3507C, 380CE WA 7HA AE
& Y3t Fig. 7oA vEh %o] 7184
o7 74 BEgddge 9eg2 v$ oy &
Tt Er1ge uet A4ge d¥gor Z3
& & = glom o] Arrhenius £l o2 UEeh]
Ak 2™l o o] 380TCAAe AE
£ 1.9 im/mind) o2& Ao 2 Jeydd o)e 3
Ade 2% BYEdE §30] 2617TCER €3
oz w§ HHoH riAldewr e HAHE
zrar o] W 3F4% (refractory metal) 2.2 257
S5 AN of AEE B 3 vkgo= o)
¢ AT F Advi= AR S #9lsdin
S 4
=]
< 16[ 4
n’g 18 L E
\\g —ZOL E!
g 22 | B
5 24 L B
(0]
= 26 i L L L L L L L L

8 10 12 14 16 18 20 22 24 26

0, fraction(%)

Fig. 6. Mo etching reaction rate vs. O, mole fraction
at 380°C (total flow rate : 100 sccm, reaction
time : 120.min)
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Fig. 8. Mo substrate morphology by SEM (a) be-
fore reaction (b) after reaction with CF,/O,
(20%) gas plasma.
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