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Impurities in a SF6 Insulating Gas Medium

of the JAERI Tandem Accelerator

Eisuke MINEHARA, Satoshi TAJIMA and Kazuo ARAKAWA+

Department of Physics, Tokal Research Establishment, JAERI

(Received January 2, 1984)

The SF6 gas, which was used as an insulating gas medium of
the JAERI tandem accelerator for about 4 years, was analyzed by utiliz-
ing the gas chromatography, the toxicity test of mice and the ion mass
spectrometry. The gas chromatography showed that the gas was composed of
99,8% SF6 gas and 0.2% air. The air seems to originate from gases
remained in the accelerator vessel when it was evacuated, and to accumu-
late in storage tanks. Concentration of S2F10 meolecules was estimat-—
ed to be less than 8 ppm by utilizing an ion mass spectrometer. No
difference was observed between the ionization efficiency curves of
SF_ from the new and used gases. Therefore, the sizable existence

5

of SF5 molecules could not be concluded. The toxiecity test showed that
concentration of SZFIO was estimated to be less than 1.3 ppm.

Therefore, it is thought that the gas used for about 4 years has very

little SZFIO'

Keywords: Impurities, SF6 Gas, Tandem Accelerator, Gas Chromatography,
Toxicity Test, Mass Spectrometry, SFS’ SZFIO’ Ionization

Efficiency Curve, Concentration.
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Table 1 An example of SF6
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gas specifications.

Component Chemical formula

Specification value

Sulfurhexafluoride
Fluorocarbon
Non-condensed gases
Water

Acid

011

SF6 99.5% or less

CF4 0.05% or less
N2 0.05% or less
H20 8.ppm or less
HF 0.3ppm or less
/ S.ppm or less

Table 2 Results of the gas chromatography.

Component New SF6 gas Used SF6 gas

analyzed at KDK

Used SF6 gas

analyzed at AG

SF6 99,9993%
Air 0.0007%
CO2 non
CF4 non

99.797%
0.203%
non

non

99.81%
0.19%
non

trace

"KDK:Kanto Denka Kogyo Ltd.

and AG:Asahi Glass Company Ltd..

_ﬁloi
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Table 3 Physiological characteristics of each impurity of decomposed

SF6 gas.

Component Physiological characteristics

SZFZ Two mice exposed to 10000ppm showed normal behavior
within several minutes, but were both dead within 15 minutes.
Irritative.

SF2 SF2 is the sulfur fluoride of which the least is known.

At this point, there is considerable doubt as to its
existence.

SF4 Animal exposed for 4 hours to 19ppm of SF& had a 50%
mortality; animals exposed to 10ppm for 1 hour showed
irregular breathing and sign of irritation.

SZFIO In ! hour exposures to rats O.lppm has no toxic acticn.
lppm causes irritation of lugs and 10ppm causes corrosion of
the lugs. Odorless. ACGIH Permissible Conc.0.025ppm.

SZFIO has never detected in arced SF6'

SOF2 Irritative Gas

SOZF2 Colorless. Odorless. Chemically Stable up to 400°C.

SO2 Irritative. Permissible Conc. Sppm.

HF Trritative. Permissible Conc. 3ppm.

CF4 Colorless. Odorless. Nontoxic.

SiF4 SiFa ig equivalent to a dilute fluosilicic solution,
since it reacts so readily with moisture in the atomsphere
and in the tissues. Irritative. Both ingestion and inhalation
cause hazards.

WF Irritative. ACGIH Permissible Conc. O.lppm.

,‘1},,



Table 4 Concentration

used SF6 gas,
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of acid, water and toxic gases contained in the

Component Concentration
Acid 0.lppm

Water 9. ppm

Toxic gases non

Table 5 Results obtained from the ion mass spectrometry,

Component New SF6 gas Used SF6 gas Used SF6 gas
(Pure) (Sample 1) (Sample 2)

SF6 99.66% 98.69% 98.27%

N2 0.31% 1.10% 1.71%

02 0.03% 0.21% 0.019%

ilz,
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Table 6 Physical properties of each component of decomposed SF6 gas,

Component HF 802 SZFZ SF2 SF4 SZFlO SOF2 SOZFZ
Weight 20.01 64.06 102.12 83.12 108.06 254.11 B86.06 102.06
Boiling Point(°C) 19.4 -10.0 -10.6 35, =40, 29, -43.7 =55,
Melting Point(°C) ~83, -72.7 -165. / -125. -92. -110.5 -136.7
Absorbability

{Activated A1203) good / good good good ! good difficult

Permissible Con-—

centration(ppm) 3./8hrs 5. 3./8hrs 5. 0.1 0.025 3./8hrs 5.
Color CR CR CR / CR CR CR CR
Odar TR IR SC / S0 / PH /
Hydrelysis H il Q H Q non S /

Liguid density
(density of water =1) 1.0{0) 1.46 1.5 / 1.95 2.08 1.74 /

Gas density

(density of air =1) 0.69 2.21 3.52 2.87 3.73 8.77 2,97 3.52
Other Properties ! / / unstable / volatile / inactive
liquid

CR:colorless, IR:irritative, SC:SCla smell, SO:802 gmell, PH:Phosgene smell,

H:Hydrolyzable, Q:Quickly hydrolyzable and S:Slowly hydrolyzable.

ilg_
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- NEW SFs GAS
- oF6
ﬁAlR
OO 100 1qo ZQO 2?0 390 Time
| —L USED SFy GAS
AR SF6
G0 QO 1Q0 I?D ZQO 2?0 390
' Time
Fig. 4 Gas chromatograms of the used and new SF6 gases,
GREASELESS %woomm—ﬁ GREASELESS
COCK COCK .

:8{ diameter of 30mm
!

PYLEX GLASS SAMPLE BOTTLE

Fig. 5 Pylex glass sample bottle.
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ION INTENSITIES (ARBITRARY UNIT)

| | T T T T

* Sfg (pure ) New SFg Gas S
° SF5 (pure ) New SFg Gas
x SFy {Sample) Used SFg Gas : -

!

| | | | 1 !
15 20 25 30 35 40 45 50

0 05 10
ELECTRON ENERGY (eV)
Fig. 6 - Tonizatlon efficiency curves from the used and new SF6 gases.

Electron energy of the abscissa is not corrected here.

mass flow
controller

GAS BOTTLE

mass flow meter

o ———— ——

Pen Recorder
Column

~Thermostat

e ma —— e = it

GAS SAMPLE MANIFOLD

Fig. 7 Cas chromatograph.
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