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Abstract

When silica is irradiated by 80keV D* ions or RF plasma of D, gas, deuterium is
trapped in the silica forming=Si-OD bonds. This phenomenon has been detected by
infrared Fourier transform spectrometer (FTIR). The deuterium, trapped as OD bonds,
is desorbed from the silica upon heating. The thermal desorption mechanisms of the
trapped deuterium weve studied here with FTIR and thermal programmed desorp-
tion mass spectrometer (TPDMS). The thermal desorption rate of the trapped
deuterium, that is the decrease in the rate of the OD bonds upon heating, was measured
by FTIR. The desorption products, such as HD, D,, HDO, and D,0, were measured by
TPDMS. HD and D, weve produced at a temperature range of 550-700°C, while HDO
and D,0 weve produced above 750°C. The thermal desorption spectra of both hydrogen
(HD and D,) and water (HDO and D,0) corresponded to the thermal decrease spectra
of the OD bonds. Thus it was concluded that the desorption products of both hydrogen

and water are produced by the thermal decomposition of the OD bonds.
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Fig. 1. Schematic diagram of a thermal programmed desorption mass spectrometer
(TPDMS). P,, rotary pump; P,, turbo-molecular pump; P;, sputter-ion pump;
QMS, quadrupole mass spectrometer; QMS.C., controller of quadrupole
mass spectrometer; OS, oscilloscope; R, recorder; T.C., temperature con-
troller; C, thermocouple; F, electric furnace; S, sample.
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Fig. 2. Effect of heating on infrared absorption
spectra of silica measured at room
temperature. A, silica irradiated by 80
keV D" ions; B, silica irradiated by RF
plasma of D, gas; ——, before heating;
"""" , after heating at 983°C.
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Fig. 3. Temperature effect on the amount of OD bonds in silica. The OD bonds
were produced at room temperature by irradiation of 80 keV D" ions.
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Fig. 4. Temperature effect on the disappearance rate of OD bonds in silica. The
OD bonds were produced at room temperature by irradiation of 80 keV D*

ions.
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Fig. 5. Temperature effect on the amount of OD bonds in silica. The OD bonds
were produced at room temperature by irradiation of RF plasma of D: gas.
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Fig. 6. Temperature effect on the disappearance rate of OD bonds in silica. The

OD bonds were produced at room temperature by irradiation of RF plasma

of D, gas.
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Fig. 7. Thermal desorption spectra of silica, irradiated at room temperature by 80
keV D" ions. O, HD; A, D,; B, HDO; @, D,O.
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Fig. 8. Thermal desorption spectra of silica, irradiated at room temperature by
RF plasma of D, gas. O,HD; &, D.; @, HDO; @, D:O.
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Kiz% b, —7 HDO & D0 i3 600°C fHifid> & ik L s, HEREEEIR 850°C ML ETk &
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3—3 HHIREKFEDBRBIME L BIMEERY & DLLE

80keV D* A & v BENC & - THERL 72 OD #E& N &M BEE (Fig. 4) & BHE#ERDD
EBGRE (Fig.7) & #HET 5 &, ODHEA0BREGEEQREREN & HDO o :BuRE
DRERFHE PR —HLTwEIldbh b, ZNZ L) ODREAIIEFHL T
HDO L% 35 Z &hbh 5,
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WoEREE (Fig.8) & #Hh#&T 5, OD HE&0BHMEE L 570°C Mk & 800°C LLETXK
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ZEnbd b,
UEn#HR* Z b TRNEIICE B,

D*, D+Si0, —> =SiOD (1)
=SiOD % HDO, D,O+P @)
HD, D. +Q (3)
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13 8i0; ¥ G L T, =SiOD #& % k- CHiEdns ()Y, £7:D:. RF 77 X<
WHTREZANX—DDEFIEL BT EL LN, IV SIO R TRIGEL T =
SiOD #i& % 1E- THifE3 N3 (RIt(), INH60RFE % FIBMET 5 & =SiOD #4l
5% LHDO (D:0) Xi3 HD (D:) 24K T 2 (Ri(2), (3)), OD #é&dr 5ok L 728, KX
I3KF &L BB OV TRBIERB TR HE v, ) 2HRICHFET 5 =SiOH
HiomX =SIOD BEEOGMIREFITKTFL ¢, OD A5 L 2RKIUIAKFEICE
230 Bbins,

AT THRL NAHIREKRTOBBBEEIL, KLV F 7420 ) 22T bRAATE
B L 723 b ) F Lo B EEREE® L. T B, I ) 57 £413600—700°C T
HT & L THBEL, 51 900°CHHETHTO E LTHEET 2, ZnZ L3 Fig. 789
HREEEMII—ERT 5,
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