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Abstract Six chemicals, Ho, HyO, COq9, SFg, CF3Br and Ni(CO)4, are considered as ionospheric
modification materials. Each of these chemicals reacts in the F region to produce localized plasma
depletions and form large scale electron holes. In the active ionospheric modification experiments,
the criteria for selecting the released chemicals include the cost and effectiveness. The effectiveness of
released chemicals depends on the amount which goes into the vapor state. In this paper, the thermo-
dynamics governing the vapor fraction of the released chemicals were investigated. Additionally, the
size and magnitude of the electron depletions were calculated with finite element simulation method.
The results show that HoO has the lowest vapor yield of about 19% from a heated, pressurized tank,

and over 60% of the other five chemicals should be vented in gaseous form. To reduce the cost, the
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chemicals with small density, such as Ho or CO2 may be chosen. Based on estimating the electron

density reduction, the chemicals which have slow diffusion speed and large chemical reaction rates,

such as SFg or Ni(CO)4, may be selected. These chemicals can produce a larger, deeper and more

durable electron hole.

Key words

Chemical release, Ionospheric modification, Thermodynamic character, Vapor fraction,

Finite element simulation, Diffusion process, Electron hole
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xR 1 BRUFOROANFESH
Table 1 Thermodynamic properties of released chemicals

. - T et o T fa R
S /(calg”! K1) /(cal-g™!) /K
Ho 2 3.14 2.5 13.8 80 13.8 e e 1.0
H>O 18 1.000 0.33 43.2 539 273.15 343 0.1244 0.1894
CO2 44 0.548 0.15 79.7 40 216.7 343 0.9850 0.9950
SFeg 146 0.159 0.042 9.5 27.9 222.35 343 0.5396 0.6566

CF3Br 149 0.110 0.042 26.5 168 343 0.5852

Ni(CO)4 170 0.288 0.069 16.5 38 248 343 0.5544 0.6893
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Table 2 Number of vapor molecules from 10 L liquid chemicals release

L/ I5 R LEN #HE/(grem™3) PR /LY SRR T
Ha 0.070 2.0 x 102 2.0 x 1026
CO2 1.101 1.5 x 1025 1.4 x 1026
SFg 1.88 7.7 x 1024 0.45 x 1026
CF3Br 1.57 6.3 x 1024 0.37 x 1026
Ni(CO)4 1.22 4.3 x 10%4 0.30 x 1026
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Table 3 Chemical reactions and their rate coefficients
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Table 4 Chemical depletion radius

YIRAFE rm/km | PRHAFE rm/km
Hoy 16.3 SFg 165
H20 69.8 CF3Br 206.4
CO 41.0 | Ni(CO)4 480
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