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FOREWORD

This report was prepared by Hughes Aircraft Company under Contract No., AF
33-(615)-1235. The contract was initiated under Project Mo, 7381, Task No,
738103. The work was administered under the direction of the Air Force Materials
Laboratory, Research and Technology Division, with Mr, R, F, Klinger acting as

Project Engineer,

The Electronic Properties Information Center has been established to collect,
index and abstract the literature on the electrical and electronic properties of
materials and to evaluate and compile the experimental data from that literature.
A modified coordinate index to the literature is machine-stored and printed for
manual use, The Center publishes summary reports, thesauri, glossaries, data
sheets and similar publications as sufficient information is evaluated and com-

piled. This report consists of the compiled data sheets on Fluorocarbon %ases.

Many persons have contributed to the pregram which this report represents,
The author wishes especially to acknowledse the contributions of the follewing:
John W, Atwood, C.L.M, Blocher, D.L, Grigsby, D.!'. Johnson, H., Thayne Johnson,

Thomas J. Lyndon, M,S, Neuberger, Emil Schafer and C.A, Schill,
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ABSTRACT

A compilation of the electrical properties of various halocarbon or
halogenated hydrocarbons known as Freons, Genetrons, Arctcns, etc., is
presented. A master identification chart relating the tradenames and

numbers to the chemical name is included for easy reference.

Detailed electrical properties include Corc..a Effects, Dielectric
Constant, Dielectric Strength and Dissipation Factor. Each property
is compiled over the widest possible range of pressure, temperature,
eiectrode geometry effects and types of electrodes from references

obtained in a thorough literature search.

Physical and chemical property data are also included as well as

electrical and electronic applications,

This report has been reviewed and is approved for publication.

H.T. Johnpog, Head
ElectronidProperties Information Center
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INTRODUCTION
In June 1961, a program was initiated under the direction of the Air Force to

collect, index and abstract the literature on the electrical and electronic pro-
perties of materials and to evaluate and compile the experimental data from that
literature., Placed at Hughes Aircraft Company in Culver City, California, the
program, now called the Electronic Properties Information Center, was originally
intended to cover ten major categories of materials: Semiconductors, Insulators,
Ceramics, Ferroelectrics, Metals, Ferrites, Ferromagnetics, Electroluminescent

Materials, Thermionic Emitters, and Superconductors.

During the first year, studies were completed on the Semiconductor and Insu-
lator categories; and Ceramics was discontinued as a separate categery and subsumed
under the other nine. Vocabulary studies have now been completed on all categories,
and retrospective documentation is virtually complete for Semiconduc’ors and In-
sulators, A full index to the literature is maintained; and publications such as
data sheets, summary reviews, glossaries, and thesauri are issued periodically.

The use of the Center and these pubiications are available toc anyone wishing in-
formation within the scope of the Center's cbjectives, A full list of publica-

tions to date appears at the end of this report,.

This report contains data sheets on Fluorocarbon Gases. The data sheets have
been compiled directly from the literature. Articlzss are allowed to accumulate
until it 1s judged that a sufficient number are available on one material for ade-
quate evaluation, The manual modified coordinate index is then used to retrieve
all literature on the material to be compiled., Bibliographies are checked to
make sure that valuable and relevant literature is not overlooked. Then the
assembled literature is given to the specialist doing the evaluation and compila-

tion.
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Evaluation is confined to primary source data except when only secondary
citations are available. If equally valid data are available from several
sources, all are given. Data are rejected '-hen judged questionable because of
faulty or dubious measurements, unknown sample composition, or if mores reliable
data are available from another source. Selection of data is based upon that
which is judged most representative, precise, reliable and covers the widest
range of variables. The addition of new data tc a previously evaluated property
requires a reappraisal of the reported values. Older data may be deleted if the

new data are judged more accurate or representative,

After a thorough analysis and evaluation, the data are compiled into data
sheets which present it in its ~ost optimum form. This will be, primarily, but not
limited to, curves or tabular form. Where possible, graphs are adapted directly
from the original sources. 1f this is not possible, they are drawn from data
compiled from the articles, Where thought important, notes are entered with

each graph to help the user,

The referencss, from which the data are drawn, are shown by reference num-
bers below each graph with the full bibliographic information at the end of the
data sheets. The bibliography is referred to and listed in the order of entry
into the Center (accession number). This provides a quick cross reference into

the index used with the literature.
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FLUOROCARBON GASES
MASTER IDENTIFICATION CHART

Gas Designation Chemical Name Chemical Formula Page

% Arcton 0 Carbon Tetrafluoride CFy 8
? Arcton 1 Trifluoromethane CHF 4 101
% Arcton 3 Chlorotrifluoromethane CClF, 30
g Arcton 4 Chlorcdifluoromethane CHC1F, 17
Arcton 6 Dichlorodifluoromethane CCl,Fy 37

Arcton 7 Dichlorofluoromethane CFCl,H 53

Arcton 9 Trichlorofluoromethane CCl,F 97

Freon 11 Trichloroflucoromethane CCl,3F 97

Freon 12 Dichlorodifluoromethane CCl,Fs 37

Freon 13 Chlorotrifluoromethane CC1F, 30

Freon 13 B 1 Bromotrifluoromethane C3rfq 5

Freon 1lu4 Carbon Tetrafluoride CFy, 8

% Freon 21 Dichlorofluoromethane CFCl,H 53
Freon 22 Chlorodifluoromethane CHC1F, 17

Freon 23 Triflucromethane CHF 4 101

Freon 114 Dichlorotetrafluoirvethane ClLyFy, 56

Freon 115 Chloropentafluoroethane CoFeCl 26

| Freon 116 Hexafluoroethane CoFyg 58
Freon C-318 Octafluorocyclobutane CyFg 72

? FX=30 Octafluoropropane CaFa 89
{ Genetron 1l Trichlorofluoromethane CC1,4F 97
| Genetron 12 Dichlorodifluorcmethane CCL?F 37
Genetron 218 Octafluoropropane CaFyg 9
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GENERAL DESCRIPTION

This data sheet is a compilation of gases belonging to the fluoro-

hydrocarbon gas family of dielectrics.

A wide range of fluorine-chlorine-hydrocarbon combinations are in-
cluded and are commonly designated by various tradenames, e.g., Freon 12,
Genetron 11, Arcton 6, etc. A master identification chart hLas been pre-
pared to aid in identifying chemically these commercial products as well

as to cite their chemical formula.

The arrangement of the fluorohydrocarbon gases is alphabetic by chemi-
cal name. The dielectric properties of gases most generally reported are
corona, dielectric constant, and dielectric strength. The last property
is markedly affected by type of metal electrodes, electrode gap distance,

electrode shape or geometry, pressure and temperature,

An excellent survey and compilation of these same gases has been pub-
lished by Frank M. Clark in his book, "Insulating Materials for Design
and Engineering Practice", New York, Wiley, 1962. This work has great
value because of the *‘ntercomparison of the fluorohydrocarbon gases with

other gases: SFg, Ny, Air, etc, in the property parameters.
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FLUOROCARBON GASES

BROMOTRIFLUOROMETHANE

Introduction

Bromotrifluoromethane is a dielectric gas with electronegative behaviour

or characteristics. The chemical formula {CBrf,;) is depicted as follows:

and the gas is available from the du Pont de Nemours Company under the trade-

: name: Freon 13 B 1,

Its molecular weight is 1u8,9,

Physical Prope:rties

Boiling point (at 1 atm.) -57,8°C (-72,0°F)
Freezing point -168°C (~270°F)
% Critical temperature 67.0°C (152.6°F)
; Critical pressure 39.1 atm., (575 psia)
é Density of liquid at 30°C 1,499 g/cc (93,59 1bs/£t3)
:
Applications

P IR AR ST

Potential applications include insulation in coaxial lines and waveguides

as well as high voltage underground transmission installations.
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BROMOTR I FLUOROME THANE
DIELECTRIC CONSTANT

Frequency =

1

L

S ke

4.3
40
w
-
5 3.5
g
(&)
(3]
" 30
E sof
®
~-
[ ]
opd
(=]
2.5
20
-200

-150 -100

Temperature

°C

Dielectric constant as a function of temperature for
bromotrifluoromethane.

[(Ref., 1265]
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BROMOTRI FLUOROME THANE

DIELECTRIC STRENGTH

Dielectric Strength, kv

Dielectric strength of bromotrifluoromethane
as a function of pressure in a

Relative dieiectric strength

8 3 38883 23 8

0

LI I L

ELECTRODES: 3-IN PLANES
~CONDNS: 60 CPS, | ATM, RM

- =

CRBr |

=3 L

T
1

- | L i i |

Qs 10 153 20 28 0

Distance, Inches

non-uniform field.

Ref.

1.49 (Np = 1) 6189

Dielectric strength of bromotrifluoromethane
as a function of gap distance in a uniform
electrical field.

[(Ref. 61u40]
3
[(Ref. 16775)
; 140 TTT 7
L 1o -
- |
100 |- -
.o - -
& Cr e
.g e o0or -
H e} .
b ELECTRODES: 1/4-IN. SQ
3 20 |-roos -
o CONONS: 60 CPS I-IN. GAP
a N

0 I0 20 3C 40 50 60
Gauge Pressure, psi

[Ref, 61u40]
&
[(Ref. 16775]
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FLUOROCARBON GASES

CARBON TETRAFLUORIDE

Introduction

Carbon Tetrafluoride (Perfluoromethane) is a dielectric gas with electro-
negative behaviour or characteristics. The chemical formula (CF,) is depict-

ed as follows:

™
" —_—0 —mM
b

and the gas is available commercially in the U.S. as Freon - 14 (du Pont de
Nemours) and in Great Britain as Arcton 0.

Its molecular weight is 88.01.

Physical Properties

Boiling point (at 1 atm.) -128,0°C (-198,4°F)
g(ﬁ Freezing point -184,0°C (-299°F)
glg‘ Critical temperature -45,67°C (-50,2°F)
E:j Critical pressure 39,96 atm, (543.2 psia)
? Density of liquid at -80°C 1.317 g/cc
Applications

Potential applications include insulation in coaxial lines and waveguides as

well as high voltage underground transmission installations.
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CARBON TETRAFLUORIDE
DIELECTRIC CONSTANT

Dielectric Constant Phase Temperature Ref,
1.0006 1l atm, 24,5 °C { 6189
16775

9
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CARBON TETRAFLUORIDE

DIELECTRIC STRENGTH

Ref,
Relative dielectric strength 0.89 (N2 = 1) 23°C 1 atm, 6189
Relative dielectric strength 1.01 (Air = 1) 16775
(uniform electrical field)
Breakdown Voltage Relat ive
Abs, Power Negative Negative gt:zﬁrig Igz:i:e
Com=| Pressure Frequency Direct Impulse g
pound| Atm,
Sphere gap, cm
0.5 1.0 0.5 1.0 0.5 1.0 | 0,5 1.0 0.5 1.0
kv kv kv kv kv kv
2 36.6 71.4 41,0 85.0 |[1.13 1,27 | 1.13 1,19
KAPC- 3 55.0 10"‘05 60.5 1021 1028 lolo
ton 0)] 4 71.6 79.0 1.23 1.10
[Ref. 1181])
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CARBON TETRAFLUORIDE

DIELECTRIC STRENGTH

Impulse dielectric strength as a function of
pressure in a nonuniform electrical field.

! LEGCS ONICS
P ROPERTIESR

ame I NFERMATION

‘ G ENTER

IOGl
i
| -
? 4
? eo}
&
9
v
a3
® 20&
ol
(=1

__ 2 3 3
°0 0 20 30 40 30

Gauge Pressure, psi

A
et
R4
‘; Wwo
£ | ELECTRODES: TUNGSTEN
% 140 1-ROD-TO-SPHERE .

1217 | CONONS: DC POS POLARITY,
£ 120 - 1iNGAR 1.8 x40 SEC
& 100 | WAVE FORM -
O
o & |- Fla -
& 60 i
5 40 .
Q@
1 I )

= 20

0 0 20 30 40

Pressure, psi

[Ref. 6 40]

The dielectric strength of Freon-1l4 23 a
function of pressure as tested under
non-uniferm conditions: 1/4 inch
square rods, l-inch gap
distance, 60 cps.

[(Ref. 16775]
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CARBON TETRAFLUORIDE

DIELECTRIC STRENGTH

90 T l

80 |- —

70 — cam—
_~
‘é 60 — —
< 50} —
L TN F14 -
-
o 30| —
2 20 . 60-cycle dielectric strength of Freon-1lu
o, as a function of pressure, tested

10 — between two l-inch diameter

1 ] spheres spaced 1/4 inch.
o 1S 30

Gauge Pressure, psi
[Ref. 4299]

200 - —d
180 P ~
160 - -
" 140 |- -
hr
>
’3 10C
[* Fi4
2 - 80 = -
Impulse dielectric strength of Freon-lu
as a function of pressure, tested 60 -
between two l-inch diameter
spheres spaced l1/4 inch. 40 n
20 -
1 1
o] 1] 30

Gauvge Pressure, psi

] [(Ref., 4299}
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CARBON TETRAFLUORIDE

DIELECTRIC STRENGTH

BO—TT"T T 1
120

1o |-
100

|

I

90
80 I~

Fie

Kilovolts, (RMS)

70
60
S0
40
30
20
10

| I R .

1

o S 10 15 20 2% 30 3%

Gauge Pressure, psi

The effect of pressure on the dielectric

strength of Freon-l4: 60 cps, 3-inch
planes (electrodes), 1/2 inch gap
distance, room temperature.

13

60-cycle dielectric strength of

Freon-1l4 as a function of pres-

sure, tested between tungsten

rod and l-inch diameter sphere
spaced 1 inch.

[(Ref., 4299]
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x
o 80
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é 6o
CF
4
S a0}
1 9
e
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.3 20 ] q e )
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Pressure, psi

[Ref. 16775]
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CARBON TETRAFLUORIDE 240 . T
220 — —
DIELECTRIC STRENGTH 200 |— —
180 — —
'w e —
S 140 |- -
—
g 120 — —
. . O 100 |- Fiq -
Impulse dielectric strength of Freon-1l4 as a s
function of pressure, tested between tungsten X :O — 7
rod and l-inch diameter spheres spaced 1 irnch. 0 ]
— 40 — —
20 — -
| |
o] IS 30 45
100
Gauge Pressire, psi
Z
s 80O [(Ref., u4299]
g CFq
g *or
&
o The effect of gap distance on 60 cps
4«0} . .
- dielectric strength of Freon-1lu:
° 3-inch planes (electrodes),
2 20l atmospheric pressure,
9 room temperature,
] a —
0 i L ] 4 . |
o 0S8 .0 LS 20 25 3.0
Gap Distance, Inches [Ref. 16775]
140 T T 1
120 =
2
« 80 -1
[ * u
60-cycle dielectric strength of Freon-l4 as b -
a function of gap distance, tested between S oI
tungsten rod and l-inch diameter sphere 9 Fila A
at atmospheric pressure, 2 ed 7
— /
20 |- ' -
..'/
v 1 i ]

o) 05 10 15 20 25
Gap Space, Inches
5]
(Ref. 4299]
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CARBON TETRAFLUORIDE 1

DIELECTRIC STRENGTH 1

280 L 140 T T T
260 | - 120 |- =
m o wn— m e =
[ )
= 180 | - = -
£ :
120 - ~t -
pe. b
80 - ~
” -~ —
1 1 1
(o) 08 10 .3 20 28 0 0S5 10 15 20 25
Gap Space, Inches Gap Space, Inches
Negative impulse tests on Freon-1lu Positive impulse tests on Freon-1lu
(1 1/2 x 40 microsecond wave), at (1 1/2 x 40 microsecond wave), at
atmospheric pressure, tested atmospheric pressure, tested
between tungsten rod and between tungsten rod and
1-inch diameter sphere. l-inch diameter sphere,

[Ref., 4299]
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CARBON TETRAFLUORIDE

DIELECTRIC STRENGTH

T7)

(2 -]

-0

Breakdown
Voltage, kv

o
0

(-]
o 20 0 (-] [ -]

Gas Pressure, psi
(abs.)

Positive point d.c. breadown voltage for
various electronegative gas mixtures.

1.
2.,
3.

5.

CFy at
CFy at
CFy at
CCloF
SFg at

rnso£|4
800
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11  psi + CCl2F2
14,7 psi + CCloF5
25.7 psi + CCloF)
at 14,7 psi + SFg
14,7 psi + CClyF)

[Ref, 1181]
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FLUOROCARBON GASES

CHLOROD I FLUOROME THANE

Introduction

Chlorodifluoromethane is a dielectric gas with electronegative behaviour

or characteristics. The chemical formula (CIC1F,) is depicted as follews:

and the gas is available from the du Pont de Nemours Co. under the tradename:
Freon - 22 and in Great Britain by Arcton 4,

Its molecular weight is 86.48,

Physical Properties

Boiling point (at 1 atm.) -40,.80°C (~41,44°F)

Freezing point -160°C (-256°F)

Critical temperature 96.0°C (204,8°F)

Critical pressure 48,7 atm. (716 psia)

Density of liquid at 30°C 0.525 g/cc  (32.8 1bs/ft3d)
Applications

Potential applications include insulation in coaxial lines and waveguides

8s well as high voltage underground transmission installations.

-~
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CHLORODI FLUOROMETHANE

DIELECTRIC CONSTANT

Dielectric Constant Phase
6.11 liquid
1.0035 vapor (0.5 atm.)
028
020
Qi1
4
-
0i10
00035

o 100 200 300 400 800
Pressure, psi

-1 as a function of pressure for
various mixtures of chlorodifluoro-
methane in nitrogen: 2) 65%, 3) 3u%,
4) 13%, 5) 2.7%, CHC1F,. (A = 1,22 cm,
T = 24°C),

18

Temperature Ref.,
2u°C 6189
25.4°C 16775

k-1 as a function of pressure for
chlorodifluoromethane at various
temperatures (A = 1,22 cm).

[Ref, 1538]

0 2000 4000 6000 8000 10,000

Pressure, psi (P, . )

[Ref. 1538]
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CHLORODI FLUOROME THANE
DIELECTRIC STRENGTH
Ref.
Relative dielectric strength 1.17 (Np = 1) 6189
Relative dielectric strength 1.40 (Air = 1) 16775
(uniform electrical field)
Breakdown Voltage
. . Relative
Power Negative Negative .
Abs, T Electric Impulse
Com- |Pressure Frequency Direct Impulse Strength Ratio
pound | Atm.
Sphere Gap, cm
0.5 1.0 0.5 1.0 0,5 1.0 } 0.5 1.0 0.5 1.0
kv kv kv kv kv kv
CHF,Cl 1l 21.7 39.6 21,7 39.8 22,4 39.8 1.25 1.25 1.03 1.00
2 40,0 74,5 37.5 71,0 [1.25 1.33 | 0.94 0.95
(Arc- 3 57.7 108.0 54,5 1.27 1.32 0.94
ton 4) 4 74,5 1.28

[(Ref, 1181]
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CHLOROD 1 FLUOROMETHANE

DIELECTRIC STRENGTH

3]

]

£

1]

The relative dielectric strength of o
CHF,Cl as a function of pressure 9
(relative to air = 1), - A

S

sl

&

4

&

6o ELECTRODES: TUNGSTEN
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5« 100 |} WAVE FORM
vE 4
et oF
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o 10 20 40
Pressure, psi
. %

60 cps dielectric strength of Freon-22 as
a function of pressure between two l-inch
diameter spheres spaced 1/4-inch apart.
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e HUGHES AIRCRAFT COMPANY, CULVER CITY, CALIFORNIA
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< 1.2

AIR
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;
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o I0 20 3¢ 40 80 60 7O
Pressure, Atmospheres

[Ref. 16775]

Impulse dielectric strength as a function

of pressure in a non-uniform field.
-

[Ref. 61u40]
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[Ref, 4299]
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CHLOROD I FLUOROME THANE

DIELECTRIC STRENGTH

220 T T .
200 - =
60 - -
() 140 P -
A
>
- 100 =
[
80 - F22 -
BT T T T T
60 - - 120 P~ -
20 L - 100 —
. \ ~ 90 — —
0 15 30 Z 80 -
Gauge Pressure, psi - 70 | B
Impulse dielectric strength of Freon-2? as Y el —
a function of pressure between (wo l-inch g F22
diameter spheres spaced 1/4 inch apart, S 50 - ——
g 40( —
e, 14299] 30 |~ —
20 - -T
10 |- —
| I U Y §

0 S 10 15 20 2% 30 38

Gauge Pressure, psi

60 cycle dielectric strength as a
function of pressure between a
tungsten rod and a l-inch
diameter sphere spaced
1 inch.

[Ref, 4299]
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N
CHLORODI FLUOROME THANE
JIELECTRIC STRENGTH
200 —
180 — —
8 160 |- —
Impulse dielectric strength of Freon-22 as § 120 - —
a function of pressure .etween a tungsten g 1001 —
rod and a l-inch diameter sphere spaced 80 - —
l-inch. 60 = F22 -
40 - -—
20— —
| |
(v} IS 30 45
Gauge Pressure, psi
[Ref. 4299]
10 T T T T
120 -
100 -

Kilovolts, (RMS)

L 1 1 |

0 0% 10 15 20 258
Gap Space, Inches

60-cycle dielectric strength of freon-22 as a
function of gap distance tested between
tungsten rod and l-inch diametex
sphere at atmospheric pressure.

[Ref., 4299]
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CHLOROD I FLUOROME THANE

DIELECTRIC STRENGTH

280 T 1 T

240 - -

200 -
)
pe)
'a‘ 160 - -] N 3 3 u i
9 egative impulse tests (1 1/2 x 40 micro-
S F22 second wave), at atmospheric pressure of
g 'O 7 Freon-22 between tungsten rod and l-inch

diameter sphere.
80 -
a0 | -
| S R N B

o] 05 10 15 20 2%
Gap Space, Inches

(Ref. u4299]

140 LR T T
120 |- -
100 |- -
i
Positive impulse tests (1 1/2 x 40 micro- 7 J
second wave), at atmospheric pressure of 3
Freon-22 between tungsten rod and l-inch 3 4
diameter sphere, x
.
] ] 1 ]
o 05 10 15 20 25

Gap Space, Inches

[Ref., 4299)
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CHLOROD] FLUOROME THANE

LOSS FACTOR

“ as a function of pressure for
chlorodifluoromethane at various ey o Max. Vabor
emperatures (A = 1.22 cm), « VYapo
t ( ) Pressure

[Ref. 1538]

¥ Py’ Pye by ! as a function of pressure for variou:
hH sy mixtures of chlorodifluoromethane and
ptty nitrogen (A = 1.22 em, T = 24°C),
LI A4 Y
CHCiFg » Ng

Pressure, psi (Pgi,)

[(Ref. 1538]
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CHLORODI FLUOROME THANE
LOSS FACTOR
e 179°C
o~ + ®°C
. 88°C
CHCIF,

x*as a function of «'-1 for chlorodi-

o -
fluoromethane at various temperatures
(A = 1.22 cm). 2,
N “'—
ated
[ ] A A A 2
-] o4 ae

[Ref. 1538])

x”*as a function of x~1 for various mix-
tures of chlorodifluoromethane in ni-
trogen (A = 1,22 cm, T = 2u°C),

‘"

[Ref. 1538]
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FLUOROCARBON GASES

CHLOROPENTAFLUOROETHANE
Introduction

Chloropentafluoroethane is a dielectric gas with electronegative behaviour

or characteristics. The chemical formula (C,F Cl) is depicted as follows:

F F
| |
¢cl— C— C —F
| I
F F

CClFy- CP3 or

and the gas is available commercially under the tradename: Freon-115 from the

du Pont de Nemours Company. Its molecular weight is 154.u48,

Physical Properties

Boiling point (at 1 atm.) -38.7°C (-37.7°F)

Freezing point -106°C  (~159°F)

Critical temperature 80.0°C (175.9°F)

Critical pressure 30.8 atm. (453 psia)

Density of liquid at 30°C 1.265 g/cc (78,99 1bs/ft3)

Applications

Potential applications include insulation in coaxial lines and waveguides

as well as high voltage underground transmission installations.
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X
CHLOROPENTAFLUOROETHANE
DIELECTRIC CONSTANT

Dielectric Constant Pressure Temperature Ref.
1.0018 380 mm Hg 27.u4°C 6189
1.0033% 722 mm Hg 27.4°C 7531
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CHLOROPENTAFLUOROE THANE

7 T T T
DIELECTRIC STRENGTH
6 -
2
~ F-us
- 5 = -J
®
g
Breakdown voltage as a function o sl d
of pressure for Freon-115, across >
a spark plug. g
]
-ﬁ 3 -
4
m
2 - -
| - -
1 ) ]
(o] 10 20 23 30
Pressure in Inches, Hg (abs.)
[(Ref. 10u489]
| i
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i1 | L1 1
00 60 40 20 10 6 o 2 I oe
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! FLUOROCARL IN GASES

CHLOROTRI FLUORGMETHANE

Introduction

Chlorotrifluoromethane is a dielectric gas with electronegative behaviour

or characteristics. The chemical formula (CC1F3) is depicted as follows:

and the gas is available commercially under the tradenames: Freon - 13 (du
Pont de Nemours) and Arcton 3 (British sources).

Its molecular weight is 104,47,

L L T e e

Physical Properties

E Boiling point (at 1 atm,) -81,u4°C (=1.4,6°F)

» Freezing point -181°C (=294°F)

f Critical temperature 28,9°C (83,9°F)

E Critical pressure 38.2 atm. (561 psia)
Density of liquid at 30°C 1.298 g/cc

F Applications

Potential applications include insulation in coaxial lines and waveguides

as well as high voltage underground transmission installations.
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W
CHLOROTRIFLUORCGMETHANE

DIELECTRIC CONSTANT

Dielectric Constant Phase Temperature
1.0013 Vapor (0.5 atm.) 29°C
4.5 T '
Frequency = £ ke
ok |
w
®
g 38 <
&
g
3
)
‘E 3.0 CCIFy .
v
©
-4
S
n 2:5 ™~ -
20 . 1
-220 -180 ~-100 =50

Temperature °C

Dielectric constant of chlorotrifluoromethane
as a function <f temnerature,
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CHLOROTRIFLUOROMETHANE
DIELECTRIC STRENGTH
Ref.
Relative dielectric strength 1.27 (N, = 1) 6189
Relative dielectric strength 1.43 (Air = 1) 16775
average dielectric strength
in a uniform electrical fiel
Breakdown Voltage Relative
Abs 5 Neaati Nematl Electric Impulse
. Power egative egative Strength Ratio
Com- |Pressure Frequency Direct Impulse g
pound Atm,
Sphere gap, cm
0.5 1.0 0.5 1.0 0.5 1,0 0.5 1.0 0.5 1.0
kv kv kv kv kv kv
lcFsc1 | 1 25,0 47,2 | 23,0 46,0 | 42,5 71.5 |1l.u4 1,47 | 1.8 1,48
(Arc— 2 “8.5 90.5 70.0 1.52 1.61 l.w
ton 3) 3 71.5 1.57
) 93,5 1.60
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| STp——

CHLOROTRI FLUOROMETHANE

DIELECTRIC STRENGTH

Relative Dielectric Strength, (Air=l)

2.0

1.8}

et

Lo}

AIR

] 1 [l 1 ) !

(o}

20 30 40 50 60 70

Pressure, Atmospheres

The relative dielectric strength of CF3Cl (Freon-13)
as a function of pressure (air = 1).

Dielectric Strength, kv

160 1 T 1
40 |- -
120 b FI3 ~
100 %\ =
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con%ns: Dl cbpo“% Pms.é(s;\nww
40 |- 1-IN. GP 1.8 x40u
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w 2 g | | 1
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Pressure, psi

Impulse dielectric strength of Freon-13 as a
function of pressure in a non-uniform field.
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CHLOROTR I FLUOROMETHANE

DIELECTRIC STRENGTH

$o l T ]
80 |- -
o 70 - - 60-cycle dielectric strength of freon-13
5 ] as a function of pressure as tested
< o between two l-inch diameter
o 50 - FI3 — spheres spaced 1/4 inch,
rl
gOr B
& 0 .
o <
10 =
| |
0 15 30
Gauge Precsure, psi [Ref. 4299]
)
220 T T
; 200 |- n
180 | -
160 |- -
140 | -
2
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5
. . 0
Impulse dielectric strength of Freon-13 as ~ 00 - 3
a function of pressure as tested b
between two l-inch diameter 80 - 7
spheres spaced 1/4 inch. e i
40 | -
m - a
L 1
o 15 30

Gauge Pressure, psi

[Ref. 4299]
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CHLOROTRI FLUOROME THANE

DIELECTRIC STRENGTH

60-cycle dielectric strength of Freon-13
as a function of pressure as tested

between tungsten rod and l-inch
diameter sphere spaced 1 inch.

g8

3

Kilovolts

Lir it e1il
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-l I I e S
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2 40} ~
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Gauge Pressure, psi

{Ref, 4299

Impulse dielectric strength o° Freon-13,

35

Positive-wave tests made between

tungsten rod and l-inch
diameter sphere
spaced 1 inch,

[Ref, 4299
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;_ : “k{,t‘”’ 0 .

DIELECTRIC STRENGTH

60-cycle dielectric strength of Freon-13 as

a function of gap distance, tested between

tungsten rod and l-inch diameter sphere at
atmospheric pressure, —

o 05 10 1.5 20 25
Gap Space, Inches

1
" [Ref, 4299]

Positive-impulse tests (1 1/2 x 40 microsecond
wave) on Freon~13 at atmospheric pressure, be-
tween tungsten rod and l-inch diameter sphere.
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(Ref, 4299]
200 |- -
P
- - -
; g 160
2 120 k- FI3 _ Negative-impulse tests (1 1/2 x 40 micro-
g seccnd wave) on Freon-13 at atmospheric
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" FLUOROCARBON GASES

DICHLORODIFLUCROMETHANE

Introduction

Dichlorodifluoromethane is a dielectric gas with electronegative behaviour

or characteristics. The chemical formula (CC1,5F,) is depicted as follows:

0
[
1
!
(@]
|
O
[

and the gas is available commercially under various tradenames: Freon-12 (du
Pont de Nemours), Genetron-12 (General Chemical Co.) and Arcton 6 (British

sources), Its molecular weight is 120,93, The du Pont de Nemours Freon Pro-

o e n WL g, i<t T

ducts Division recommends a 250°F maximum temperature for continuous exposure
of Freon-12 to oil, steel and copper for thermal stability.

Physical Properties

i - m b s = Y Pttt

Boiling point (at 1 atm,) -29,79°C  (-21,62°F)
Freezing point -158°C (=252°F)
Critical temperature 112,0°C (233,6°F)

| Critical pressure 40,6 atm, (596.9 psia)

E Density of liquid at 30°C 1.292 g/cc (80,67 1lbs/ft3)

¥

Agglications

Dichlorodifluoromethane is used extensively in household and commercial
refrigeration and air conditioning. Potential electronic applications include
| insulation in coaxial lines and waveguides as well as high voltage underground

transmission installations.
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[(Ref. 1655]
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60-cycle corona starting voltage of Freon-12, 1/2 inch square rods, gaps as noted.

(Ref, 5338]
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1,i, DI CHLORODI FLUOROME THANE
80
| CORONA EFFECTS N
‘_ / “ a)y
Corona-onset and spark-breakdown 60 «)
characteristics for Freon-12. \- ® @
| A~
(a), (b), 2 ol P
(c) and (d)~Obtained with standard - //(e)
electrode configuration. ® 40 752
(e) - Obtained with a more divergent ? Y /’
electrode configuration. "o' z
> /,
--- Corona-onset voltage ‘ L/*r
— Spark-breakdown voltage 20 7,7
/
4//
!
| % 20 ) %0
IF Absolute Pressure, psi
i
é (Ref., 1853)
@
()
S 60—
/Y
4 )]
s Corona-current as a function of voltage
aoF @ characteristics for Freon-12,
s // (o)
§ / -, (a) 15 psi (abs.)
/ (b) 18.5 psi (abs.)
3 i 7 / (c) 22,5 psi (abs.)
‘o 20 40 60 {d) 25 psi (abs.)
Voltage, kv (e) 27 psi (abs.)
] [Ref. 1853]
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DICHLORODI FLUOROMETHANE

CORONA EFFECTS

1
| @ )
) (c)
0
> P “ — @
4 o >
- A
o 80r = e —
g AV
+ P i P
3 [
> ‘%/, Pr
0 80 160 40 320 400

Absolute Pressure, psi

Corona-onset and spark-breakdown charac~sristics
for mixtures of Freon-12 and nitrogen.

(a) 10 psi abs., Freon 12 + N,
(b) 20 psi abs., Freon 12 + N,
(c) 30 psi abs., Freon 12 + N,
(d) 40 psi abs., Freon 12 + N,
(e) S0 psi abs., Freon 12 + N,
(f) 60 psi abs., Freon 12 + N,

--=- Corona-onset voltage
~— Spark~breakdown voltage

[Ref. 1853]
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DICHLORODIFLUOROME THANE

DIELECTRIC CONSTANT

Dielectric Constant Pressure Frequenzy Temperature Ref,
1.,00325 760 mm 9200 Mc 20°¢C 1181
1.00029 - 1010 ¢ps 23°C 1373
2,13 (Liquid Phase) - 29°C {16775 &
1.0016 (Vapor, 0,5 atm,) - 29°C 6189

4.5 T T T T
o 40 k Frequency = 5 ke |
oy
i
o 35 | -
£
0
O
930k =
£
re)
13)
3
® 25 |- CCLzF2
o~y
A
20 | i 1 |
-200 ~I150 -100 -50 o 50
Temperature °C
Dielectric constant as a function of
temperature for dichlorodifluoromethane.
(Ref, 1265]
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"1 HLORODI FLUOROMETHANE

TELECTRIC STRENGTH

Relative dielectric strength

Relative dielectric strength

(uniform electrical field)

2,06 (N2 z 1)

2.42 (Air = 1)

80
60 & Y ©
; 7))
W2
> 7
X f’iﬂ
;oA
5 |
e % //
0o R4
> ,/(
20 7
S
z
oO 20 40 60

Absolute Pressure, psi

Corona-onset and spark-breakdown characteristics for Freon 12.

Refo
6189

167758

(a),(b),(c) and (d) Obtained with standard electrode configuration.
(e) Obtained with a more divergent electrode configuration.

L2

Corona-onset voltage
Spark-breakdown voltage

(Re

f. 1853]
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DI CHLORODI FLLUOROMETHANE

DIELECTRIC STRENGTH

60-cycle dielectric strength of Freon-12,
tested between two l-inch diameter
spheres spaced 1/4 inch.

220 - T
200 -
180 - m
Fi2 o
-
1]
P
~ -
(o]
>
g ]
2
—
1
20 - -
|
L 1 d
o] 15 30

Gauge Pressure, psi

Kilovolts, (RMS)

| i

Fi2

0 i5 30

Gauge Pressure, psi

[Ref., 4299]

Impulse dielectric strength of Freon-12,
tested bhetween two l-inch diameter

L3

spheres spaced 1/4 inch.,

[(Ref. 4299]
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L e — e v ——— e s $ . v - -

130 I

120 —
DIELECTRIC STRENGTH 1o

DI CHLORODI FLUOROME THANE LA

100 |-
90 |-
80
70 |- Fl2
€0 |-
50 |-
40 |
30 |-
20 |-

I
1l 1 1 1

\
1

60-cycle dielectric strength of Freon-12, tested
between tungsten rod and l-inch diameter sphere
spaced 1 inch,

I I I |

Kilovolts, (RMS)

)|

]

10 p~ -
it 1 11 1
0 5 10 15 20 25 30 35

Gauge Pressure, psi

[(Ref. 4299]

240 — T
220

200
180
160
140
120

Impulse dielectric strength of Freon-12.
Positive tests made between tungsten
rod and l-inch diameter sphere
spaced 1 inchg 1 1/2 to 40
microseconds wave fom,

Kilovolts

-FI12

I T O O O

LR l‘l Frirriii

L |
0 15 30 45

Gauge Pressure, psi

[Ref., 4299]
&
~ ' [Ref., 16775]
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DICHLORODIFLUOROME THANE

DIELECTRIC STRENGTH

60 |
Sparking voltage of Freon-12 as a ~ - 02" G
~ + . L) 50 : up
function of pressure, pointed 0 s
electrodes, gap distances g s
as noted. S wo C1" Gap
g -
30
~
5
o 20
~
2
lot
0 bt 4 4 4
0 50 100 150
Gauge Pressure, psi
[Ref, 5005]
500
~aoo F N | T
§300- 2c™m -
O 200 - ICM - 60-cycle (A) and impulse (B) breakdown
A of Freon-12 between 6.25 cm spheres,
0 100 — — gaps as noted,
e - -
3 0F¢§ .
> 60 R
" -
.Q wn— -
L ALl i e

10 20 30 50 100 300
Pressure, psi (abs.)

[Ref, 5338]
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DICHLORODI FLUOROME THANE

DIELECTRIC STRENGTH

60-cycle and impulse breakdown
between 1/2-inch square rod

gaps in CCl,F,.

Curves A, B, § C, = 60-cycle
breakdown

Curves D &€ E

60 cycle corona

starting voltage
Curves F, G, & H = impulse breakdown

hecu i
A Y,

240 / \
—_—

200
ey
§ /l /—’4
5 160 ’l \ . — Z/‘
\: :’ ~ 1 | e
8 2o}l ‘TM'SL’” 2 ali
,.o,‘ | et A A 1T
4 o4 < — -1~
0 60 = =
o~ Yoot -1
po; <3

- -
o475
g Pl kadl
47
]
(] 10 20 30 40 50 60 70 80

Pressure, psi (abs.)

[Ref, 5338] 1

280
|
240—— Ty
~
e
0
\
g / \ wpuLse +—— The effect of gas pressure on the breakdown
~ 6ol—— — ] of dichlorodifluoromethane (Freon-12);
@ ){ ] 1/2.-inch square rod electrodes,
% [} / \— 5-Cm (2.362 iHCh) gapc
5 e
~ 80
pe.
40
° 80

0 10 20 30 40

30

60 70

Pressure, psi

[Ref. 16775]
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DICHLORODI FLUOROME THANE

DIELECTRIC STREMGTH

Breakdown Yoltage, Peak (kv)

Breakdown voltage between 5-cm diameter
spheres for Freon-12 as a
function of pressure,

Gaps as noted.

Power frequency
Negative impulse

300 T T T T
_
—ﬁ
DIFLUORODICHLOROME THANE
[ I R S B |
0 200 400 600

pd (Pressure, psi, x Gap, mm)

47

Breakdown Voltage, Peak (kv)

Lol of

| | 1

0
0

20 40 €0 80

Gas Pressure, psi (abs,)

[Ref., 1589]
3
[(Ref, 1181]

Paschen curve
for Freon~-12.

[Ref, 1181]
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DI CHLORODI FLUOROME THANE
DIELECTRIC STRENGTH

? —' ./-mmm
é 120 12Q
ﬁ Dmm
Q@ 100 I 100
Ay
»
§ (TS | sof
hef
0 60 1 (Yol
>
£ A
~ T ]
C I vy e
20 - 20
4 P [
a POWER FREQUEN Y DIRECTY VOLTAGE
c 't I o | i L
(] 20 40 [ e [ ] © e 40 [ 9] [ o]

Gas Pressure, psi (abs.)

Breakdown voltage with difluorodichloromethane and non-irradiated point-sphere electrodes.

Power frequency, positive d.c. and impulse
~ = =llegative d.c. and impulse

[Ref., 1181]

140 T T T 1
120 + -
”~~
4 X
g 1o Ff>/”'—— )
gxr 7 7
par
o
3 60 - -
a 4/, 60-cycle dielectric strength of Freon-12 as
X 40} — tested between tungsten rod and l-inch
diameter sphere at atmospheric pressure,
20 - .
1 | 1

o 05 1.0 15 20 25
Gap Space, Inches
[Ref. 4299]
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I DICHLORODIFLUOROME THANE

; fal.)
‘ DIELECTRIC STRENGTH 280 — —
1 240 |- .
‘ 200 -
1))
pey
3 160 -
60-cycle dielectric strength of >
Freon-12 as tested between a — 120 -
tungsten rod and l=-inch d%a- x
meter sphere at atmospheric 80 B
pressure,
40 -1
1 | 1 L
f 0 05 10 15 20 25
Gap Space, Inches
[Ref. 4299]
140 T T 1
120 - -
100 —
b
,3 80 —
2 llegative impulse tests (1 1/2 x 40 micro-
e 60 7 second wave), at atmospheric pressure
X of Freon-12, between tungsten rod
49 n and l-inch diameter sphere.
20 ]

J I L 1
0 05 1Cc 5 20 25

Gap Space, Inches

[Ref, 4249]
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DICHLORCOI FLUOROME THANE

DIELECTRIC STRENGTH

Sparking voltage of Freon-12 as a function
of gap distance, spherical electrodes,

Breakdown Voltage, Peak (kv)

and gauge pressures as noted.

80 [ 00pel

Opsi

Kilovolts, Crest

0{’ i - 'l
0

100 200 300

Gap in Thousandths of an Inch

[Ref, 5005]

140 [ | l
120 €7 s N ¢
\ J'%Il<\ / N\ FEIVE 1 e /':‘NHK~
100
ZANNLINN SZAN H
<IN N e
] Thi N / Syt > 1
/j/ \NNJM\\\ "a’-' WN?KN \ )L/‘ 8 1‘1"\\ X T
60 - 1T q \ \ F/ /e 2is -.h\ . I/ _,V*, “h\ O
/AR A TR y T
40 /"M 7;/1 /
20 H
o SOWEN ln(oyn?:v 0‘“5%7 V?LHG( '“]&4‘
| 2 3 45 10 20 0 1 2 345 10 20 30 50 1 2 345 10 20 0 S0

Ratioc of Diameters of Conductors

Breakdown voltage for difluorodichloromethane between coaxial cylinders.

Power frequency, positive d.c. and impulse

—-— legative d.c. and impulse
----- Positive impulse with radium

50

[Pef., 1181]
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OICHLORODIFLUOROMETHANE

DIELECTRIC STRENGTH

Sparking voltag2s in a mixture of
50% Freon-12 and 50% Nitrogen.

Spherical electrodes
Pressure seven atmospheres (30 psig)

So
St — Ry
/O'V
’ 50 - ° 4 - /;$
9 1 4 | /
f/ L) 7 /
: 40 l‘ ‘ i; ’6 e
4 ; 3
Q > - )
" )l
" +a
e
3 -
% L
-4
ord
p 4
V|
] > !
0 1

0 20 40 60 80
% Freon by Volume

100

Sl

Kilovolts, Crest

70
)4
eo 7
/ -
50 7 |
a0 —

30}

20 j7
10 ‘/

0 206 40 60 80 100

Gap in Thousandths of an Inch

[Ref. 5005]

Sparking voltages in mixtures of
Freon-12 and Nitrogen.,

Spherical electrodes
Length of spark gap: 0,050 inch
Pressure in atm. as noted on curves
Points are experimental; lines are
computed from

V = (88 PS + 1.9)(1 + 1,08 F)kv.

[Ref. 5005]
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DICHLORCDIFLUOROME THANE

DIELECTRIC STREMNGTH

@
O Al)
6

~ 2 / ,// /r('b)

< e -

- 8 j 4/ //

@ 7 !

) |

S ; v -

3 1\~

> 40/ >

]
GO 80 0 240 320 400

Pressure, psi (abs.)

Corona onset and spark breakdown characteristics for mixtures
of Freon-12 and nitrogen.

(a)
(b)
(c)
(d)
(e)
(f)

10
20
30
40
50
60

psi
psi
psi
psi
psi
psi

(abs.), Freon
(abs.), Freon
(abs.), Freon
(abs.), Freon
(abs.), Freon
{abs.), Freon

i2 + NQ
12 + N2
12 + N2
12 + Nz
12 + N2
12 + N,

Corona onset voltage
Spark breakdown voltage
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: FLUOROCARBON GASES

DI CHLOROFLUOROME THANE

Introduction

LI gl e bl il

Dichlorcfluoromethane is a dielectric gas with electronegative behaviour

or chaacteristics. The chemical formula (CFCl5H) is depicted as follows:

and the gas is available commercially under various tradenames: Freon -~ 21
du Pont de Nemours, Ar:ton - 7 (British sources).

Its molecular weight is 102,93,

Physical Properties

Boiling point (at 1 atm.) 8.92°C (48.06°F)

Freezing point -135°C (-211°F)

Critical temperature 178.5°C (353,3°F)

Critical pressure 51.0 atm., (750 psia)

Density of liquid at 30°C 1.354 g/cc (84,52 1bs/ft3)
Applications

Potential applications include insulation in coaxial lines and waveguides

as well as high voltage underground transmission installations.
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DI CHLOROFLUOROMETHANE

DIELECTRIC CONSTANT

Dielectric Constant Phase

Temporature Ref.,
5.34 liquid «8°C 65189
1.0035 vapor (0.5 atm,) 3oer 6189

Su4
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o

CICHLOROS{ UOROME THANE
PIELZCTRIC STRENGTH
Ref.
Relative dielectric strength 1.82 (N, = 1) 6189
Relarive dielectric strength 1.33 (Air = 1) 16775
(uniform electrical field)
Breakdown Voltage
- - Relative
Abs. Power Negative Negative Electric Impulse
Com- |Pressure[ [Tequency Direct Impulse Strength Ratio
d | Atm,
poun m Sphere Gap, cm
0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0
kv kv kv kv kv kv
CHFC12 1 32.2 63.1 29,7 58.4 43.8 87.0 1.86 1.98 1.36 1.38
2% 50.0 93.5 1,56 1.67
(APC- 3* 66.5 l.uﬁ
ton 7) Y% 81.5 1.40

% Nitrogen added to compound exerting one atmosphere absolute pressure.

55
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FLUOROCARBON GASES

DICHLOROTETRAFLUOROETHANE

Introduction

Dichlorotetrafluorocethane is a dielectric gas with electro-negative
behaviour or characteristics, The chemical formula (CQCIQPu) is depicted as

follows:

(@]

[
o () — 1]
) —— () —— )

O

'—a

and the gas is available commercially under the tradename: Freon - 114 (du

Pont de Nemours), Its molecular weight is 170.93.

Physical Properties

Boiling point (at 1 atm.) +3.55°C
{elting point -340°C
Applications

Potential applications include insulation in coaxial lines and wave-

guides and other dielectric purposes.
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DI CHLOROTETRAFLUOROETHANE

DIELECTRIC STRENGTH

Ref,
Relative dielectric strength 2.8 (Ny = 1) 1373

| |
FREON |14
~ 800 -~
& ‘N\
o 700
. L]
Py . é
2 600 — '
3 e
> a
200 -
400
GAP: O«imm; 4-2/3mn, Q-~/3mn
| Lo 1
100 60 <0 2¢ i0 6 4 2 | X

pd (min Hg-mm)

Pascheu curve, Freon-1llu,

[(Ref., 16386]
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HEXAFLUOROETHANE

Introduction

Hexafluorcethane is a dielectric gas with electronegative behaviour or char-
acteristics. The chemical formula (CpFg) is depicted as follows:

C ¥y -CFy or

™
m—0—
Mo -
3

and the gas is available commercially as Freon - 116 from the du Pont de Nem-

ours Company.

R A

Its molecular weight is 138,02,

L’,

£ . .

i Physical Properties

v

; Boiling point (at 1 atm.) -78.2°C (-108,8°F)
% Freezing point -100.6°C (-149,1°F)
E Critical temperature 24.3°C (75.8°F)

£

%’ Critical pressure 32,6 atm. (480 psia)
5

:x

% Applications

Potential applications include insulation in coaxial lines and waveguides

; as well as high voltage underground transmission installations.
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HEXAFLUOROETHANE
CORONA EFFECTS

Corona inception of C,F. asa function
of pressure, gap spacing = 0.1 inch.

Electrodes - 1/4" x 1/4" steel square

Voltage, kv (RMS)

g

rod-to-hrass plane

8‘-’--~

-
- w
-
-

2 1

| 'S 3

Pressure, Atmospheres

Corona inception of C,Fg as i function
of pressure, gap spacing = i.,0 inch,

Electrodes - 1/4" x 1/4" steel square

b e o

rod-to-brass plane

30
2
- 20p
>
kY
Lt -—"‘—-—.——
v-otl 0’—""0
> ¢] 1 A
o l 2 3
Pressure, Atmospheres
[Ref. 16955]
Corona inception of CoFgas a function of
pressure, gap spacing = 0,5 inch,
Electrodes - 1/u4" x 1/4" steel square
rod-to-brass plane
. ,
[Ref. 16955]
80
@ SO
2
>
~ 40k
.;. "-_L -
; T
+ 20p /,“
-4
2 4
0 1 ]
-+ 0 | e 3

Pressure, Atmospheres

[Ref. 16955]
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HEXAFLUOROE THANE

40
CORONA EFFECTS 3
> 30
>
X
torona inception of C7Fg as a function o 20p CoFy
of pressure, gap spacing = 0.1 inch. eb
5 10p
Electrodes - 3/8" steel cylindrical >
rod-to-brass plane R o . N
0 | 2
Pressure, Atmospheres
[Ref. 16955]
~ 80
)
o
e’
% eof
Py Corona inception of C,Fg as a function
% of pressure, gap spacing = 0.5 inch,
v
< 20}
= Electrodes - 3/8" steel cylindrical
rod-to-brass plane
L +] i " % .
0 ] 2 [Ref. 16955]
Pressure, Atmospheres
80
(’f; 60}
2
% a0} CaFs
Corona inception of Colg as a o
function of pressure, gap o
spacing = 1.0 inch. .‘-é 20}
>
Electrodes - 3/8" steel cylindri- o , .
cal rod-to-brass plane 0 0 2 3

-

60

Pressure, Atmospheres

[Ref. 16955]
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1EXAFLUOROETHANE

SORONA EFFECTS

25
20L
g
~ |5r
>
k4
o o}
&0 C,F,
g 2’6
3 s}
° 1 2
0 ! 2 3

Pressure, Atmosphores

Corona inception voltage as a function of pressure,
Gap distance = 1,0 inch.

[Ref. 16955]
Electrode - 0.0415 cm hemispherically
tipped platinum needle-to
brass plane
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HEXAFLUOROE THANE
DIELECTRIC CONSTANT
‘Dielectric Constant Pressure Temperature Ref,
1,00197 711 mm Hg 23.0°C 10057
7531
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HEXAFLUOROE THANE
DIELECTRIC STRENGTH

Ref.
Relative dielectric strength 1.46 (Np = 1) 6189
Dielectric Strengtﬁkas a Function of Pressure
Pressure (abs.) kv (RMS)
1/2 atm. 6.7
1l atm, 13.3
2 atm, 20,2
3 atm, 27,2
%% kv crest + 1.414 kv crest measured with 6.25 cm sphere - gap,
(ASA 68.1 1953, AIEE no. "“)760 cps breakdown voltage, 1/2" steel
sphere, 2 mm gap, room temperature. [Ref. 10057]
&

CRef. 7531]

Dielectric Strength as a Function of Electrodes
and Spacing **

Conditions Voltage
1/2 - inch radius hemisphere, 0.1 - inch gap 15 kv
1/2 - inch radius hemisphere, 0.25 - inch gap 38
Point to hemisphere, 0.1 - inch gap 13
Point to hemisphere, 0.25 - inch gap, 27

*% 60 cps, atmosphere pressure, kilovolt breakdown, crest.

[Ref. 12753
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HEXAFLUOROETHANE

DIELECTRIC STRENGTH

160 T T T
2 ELECTRODES: 3-IN PLANES
~ 140 |-CONDNS: 60 CPS, | ATM, RM . 140 T T 1
. TEMP kY ELECTRODES: 3- IN.PLANES
£ 120} - ~ 120 |- CONDNS: 60 CPS, I/2-IN. ]
ry] 20
& CoFg £ GAR RM TEMP
§ IOO - . %D |oo L— -
“ g0t - 4
=
2 o | @ 8o CFa
pe 0
o B oeof .
- 40 - ’
K 8wl
3 a0l | g 40 |- =
[ U TS S S 29 11 ] L
) Q5 10 15 20 25 3D 0 5 o 15 20 25
Gap Distance, Inches Pressure, psig
Dielectric strength of C2F5 as a function Dielectric strength of CyFg as a function
of gap distance in a uniform of pressure in a non-uniform
electrical field electrical field.
140
5 ~T T T T 1
kY,
<
o .
=
v
=~ -
&
(72}
o 60| N
0
5 4of -
Q ELECTRODES: 1/4-IN. SQ
o 20 [HRODS -
ot CONDNS: 60 CPS I-IN. GAP
a U R T

0 I0 20 30 40 50 60
Pressure, psig
Dielectric strength of C2F6 as a function

of pressure in a non-uniform Ref. 6140
electrical field. (Re ; :

[(Ref. 16775}
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HEXAFLUOROETHANE 4 T B '
DIELECTRIC STRENGTH
el -
~~ 5 R -
&
®
Breakdown voltage of Freon-l16 as ° F-116
a function of pressure across a >
spark plug. g 3r —
g
:
8] °r -1 1
e -
. 1 | _
o 10 20 25 30

Pressure in Inches, Hg (abs.)

1]
[Ref. 10u89] -

\ T 1
FREON !16
200 w
800 N
E i\r
& 00 .
‘: Paschen curve for Freon-116,
W 600
b+ B
o .
> s00 =
400
GAP: QO«imm; A-2/3mm; C=1/3mm
. ] 1 L1

100 60 40 20 10 ¢ 4 4 | 0.6
pd (mm Hg-mm)
(Ref. 16775]
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HEXAFLUOROETHANE

DIELECTRIC STRENGTH

30

| 7

| Breakdown voltage of CoFg as a é 20}

{ function of pressure, gap .

1 spacing = 0.1 inch., X

" " S o} C2's

i Electrodes - 1/4™ x 1/4" steel -

square rod-to-brass her

E (2}

! plane > o . N

-] ' 2 3

Pressure, Atmospheres

[Ref, 16955]

120
100p
~~
122
2  sok Breakdown voltage of CyFg as a function
~ of pressure, gap spacing = 0.5 inch.
o
- 6 Electrodes - 1/4" x 1/4" steel square
%’, rod-to-brass plane
&
o 40L
>
20
0 L A
0 | 2 3
Pressure, Atmospheres
[Ref. 16955]
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HEXAFLUOROETHANE

DIELECTRIC STRENGTH

Breakdown voltage of C,Fg as a function
of pressure, gap epac1ng 1.0 inch.

Electrodes - 1/4" x 1/4" steel square
rod-to-brass plane

40
@
30
é of
2 4l
- Ca ¥
©
g 10k 8-
2 —
0 2 A
(4] | 2

Pressure, Atmospheres

Voltage, kv (RMS)

67

140y

1204

sof

40}

20}

- A

l 2 3
Pressure, Atmospheres

[(Ref, 16955] :

Breakdown voltage of CFg as a
function of pressure, gap
spacing = 0.1 inch.

Electrodes -

3/8" steel cylindrical
rod-to-brass plane

[Ref. 16955]
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HEXAFLUOROE THANE
‘ o0
DYELECTRIC STRENGTH ,///,/’
~ oo} *
7
&
o’
Breakdown voltage of CpFg as a 2 eof .
function of pressure, gap - 2%
spacing = 0,5 inch. %
Electrodes - Y 20k i
3/8" steel cylindrical 2
rod-to~brass plane
. i
% n 2 3
Pressure, Atmospheres
[Rer. 16955]
a0 —
- Breakdown voltage of Qg as a
‘g eo} CaFfg function of pressure, gap
= spacing = 1.0 inch.
k4
- or Electrodes -
% 3/8" steel cyclindrical
& rod-to-brass plane
d
'3 20L
>
0 i 1
] | 2 3

Pressure, Atmospheres

[Ref. 16355]
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DIELECTRIC STRFY"TH

Pressure, .itmospheres

40
”~
[72)
2
A g w-
>
: R4
o
g 20p
3
> Cafe
§ 10p
o
|
: 4 0 1 1
: :a (4] 1 2 3

Breakdown voltage of CoFg as a function-of pressure.

Electrodes - 3/4" steel sphere-to-brass
plane
Gap - 0,1 inch

[Ref. 16955]
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HEXAFLUOROETHANE

DIELECTRIC STRENGTH

L}

Ve
i 1/2 tnch spheres (eteel)

L1 o

25

Breakdown Voltage, kv (RMS)

15F

pT-1 3

L L A
1 2 3

Pressure, Atmospheres

Breakdown voltage of CoFe and mixtures with
c~CyFg as a function of pressure,

[Ref. 10067]

70

~¥




11| B LEcTRONIS

i ' P RORERTIES
e ANg Tet, b S ST wicl ||| 1| NEFORMATION
C ENTER

PREPARED BY ELECTRONIC PROPERTIES INFORMAT!ION CENTER « HUGHES AIRCRAFT COMPANY, CULVER CITY, CALIFORNIA

HEXAFLUOROE THANE
DIELECTRIC STRENGTH

2:6, 2y -AMD G Re IRATUED

J Ata.

Rreakdown Voltage, kv (RMS)
]

2 '0 2 At
\\\
\§~~-
N 1ate
‘K o
— ‘ﬂ\
© 1/2 A%
s
/] 1 A i 1
[ 20 (%) 60 % 100

Volume % C, Fg
Breakdown voltage of C,_F_. and c-CuF

mixtures as a functidn of pressure.

[(Ref. 10067]
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FLUOROCARBON GASES
OCTAFLUOROCYCLOBUTANE

Introduction

Octafluorocyclobutane, a cyclic fluorocarbon, is an inert dielectric
electronegative gas which is very stable at high temperatures (up to 300°C).

The chemical formula (qua) is depicted as follows:

M) = Q="

and the gas is commercially available under the tradenames of Freon C-318 from
the E. I. du Pont de Nemours Company. Its combination of electronegativity,
high molecular weight (200,04) and chemical stability are responsible for its

outstanding electrical properties according to the manufacturer.

In an electric field, C,Fg absorbs electrons to form negative ions of
low mobility. This results in a fairly stable space charge which tends to make
the electric field more uniform, and it greatly reduces the tendency of the elec-
trons to form a conductive path. The gas is dense, colorless, and odorless at

atmospheric tempurature and pressure.
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FLUOROCARBON GASES

OCTAFLUOROCYCLOBUTANE
Physical Properties
Boiling point (at 1 atm.) -5.82°C (21.,47°F)
Freezing point -41,4°C  (~42.5°F)
Critical temperature 115.3°C (239,.6°F)
Critical pressure 27.5 atm (403.6 psia)
Density of liquid at 30°C 1,480 g/cc (92.38 1bs/ft3)

, il
7

Density - lb./cu. ft.
(7]

-20 o 20 40 60 20 100

Temperature - °C

The density - temperature relation for saturated octafluoro-
cyclobutane vapor.

Agglications

Potential electronic applications for octafluorocyclobutane includes trans-

[ Ref. 16775 ]

formers, power transmission cables, radar waveguides where the thermal stability

and chemical inertness characteristics of the gas are attractive.
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FORONA EFFECTS

[
'

Corona breakdown of octafluoro-
cyclobutane as a function of

gap

Voltage, kv (RMS)
3

distance.

e
o"*
-
-
’,
-
-
=3 ”
-
-
- C4F°
-
*
[ [
0 ! 2

Pressure, Atmospheres
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Dielectric

Gap Distance, Inches

[Ref, 61u40]

Corona inception of CyFg as a
function of pressure, gap
distance = 0,1 inch,

Electrodes -
178" x 1/u4" steel
square rod-to~-brass
plane

[Ref, 16955]
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OCTAFLUOROCYCLOBUTANE
CORONA EFTECTS 100
« o0
g
Corona inception of CyFg as a function > @0
of pressure, gap distance = 0.5 inch. -
®
Electrodes - ¥ <0 Jd
1/4" x 1/4" steel 8 Cofg o~~~ """~
square rod-to-brass 9 P
plane 20 -
pa——
0 —d
o ! 2 3
Pressure, Atmospheres
[Ref. 16955]
~ 60
)
Eﬁ Corona inception of CyFg as a function
YR - of pressure, gap distance = 1.0 inch.
k4 _»~
. /”"-—
Electrodes -
CF
g ”r / 40 174" x 1/4" steel
° d square rod-to-
> Oi L ' brass plane
0 | 2 3

Pressure, Atmospheres
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CORONA EFFECTS
40
”~
7
‘ ; /”4 .
. - Corona inception of CyuFg as a
o OF _-e” function of pressure, gap
g PP c" distance = 0,1 inch.
'3 ”’/ [ ]
2 IOH' - P
N R . Electrodes - 3/8" steel cylindrical
0 ] 2 ~ 8 rod-to-brass plane
Pressure, Atmospheres
[Ref. 16955]
80
@ el
£
Corona inception of C,Fg as a 5 4
function of pressure, gap x o/
distance = 0.5 inch. e Yor e F
’
? .’ 4 ‘
: o’,’
O -
> 20} -
Electrodes - 3/8" steel cylindrical
rod- to-brass plane % ; s

Pressure, Atmospheres

[Ref., 16955]
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OCTAFLUOROCYCLOBUTANE 00—
CORONA EFFECTS
© oo
2
k oo
»
v
Corona inception of C,Fg as a 4
& 40
function of pressure, gap 0 o’ CarF
distance = 1.0 inch, > // 4°8
®or J
Electrodes - 3/8" steel cylindrical ol 3 L
rod-to-brass plane ° ! 2 3
Pressure, Atmospheres
{Ref. 16955]
a I
&
-
oo
y A
® ,/’
- 4 q- 7 Corona inception voltage of C Fg
s L7 as a function of pressure, gap
S #_ ,/’ distance = 1,0 inch.
g C.F s
-5 4 :,/ Electrode -
R I./ 0.0415 cm hemispherically
Q L tipped platinum needle-to-
] d. s brass plane
8 A - .
% : ; 3

Pressure, Atmospheres

(Ref, 16955]
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\ OCTAFLUOROCYCLOBUTANE

DIELECTRIC CONSTANT

Dielectric Constant Pressure Temperature Ref.
1.0034 760 mm Hg 10°¢ 7531
10057
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OCTAFLUOROCYCLOBUTANE "
OIELECTRIC STRENGTH |
; Relative dielectric strength 2,44 (N, = 1) 6189
-1

Dielectric strength of C,Fg as a function
! of gap distance in a uniform
electrical field.

Kilovolts, (RMS)

i | N N

Gap, Inches

l v L 4 a4
60 Mﬂ?w;cnlfunu [Ref., 6140]
% -in regs—f i &
‘zoL; .’ “J-m. gisks [Ref. 1860]
ok
oed
ey
U & o
36
(4
A A /] 3-in_ disks
as / g" Dielectric strength of CyFg as a function
Air . of gap distance in a uniform and non-
g Al uniform fields.
i&’“ﬂipr 60cps, (etm, rm tomp
() 1.0 20 30
1 Gap Distance, Inches "Ref, 6140]

&
[(Ref, 1860]
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OCTAFLUOROCYCLOBUTANE

1
| DIELECTRIC STRENGTH

|

' 20O cretiuerocyciosvtene
100 J-n disks
Dielectric strength of CyFg as a function o0

of gap distance under impulse voltage of
positive polarity in uniform and non-
uniform fields.

% nm rods

“# /C‘A’: APog. Ierly

25504 a5 o8 o 12
Gap Distance, Inches

Dielectric
Strength, kv

[Ref. 61u40]
&
[Ref., 1860]

150 ~—T ~T T 7 7
_ -
140 / CeFe
e Y
»
(73]
9 120 |- .
O
o’
> 100 _ Comparison of impulse and 60 cycle
~ B breakdown characteristics of C,Fg,
Py 1/4% inch square rod-to-plane,
¥ 8o} = atmospheric pressure as a
b function of gap distance.
)
> 60} -
5
g | |
—?‘U 40
0
4
m
20+ .
© SOLID CURVES: |.5440 s POSITIVE IMPULSE
DASHED CURVES: SIXTY-CYCLE VOLT?G":
i ] | 1 |

0] 0.2 0.4 0.6 0.8 10 .2
Electrode Spacing, Inches

[Ref., 10u52]
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OCTAFLUOROCYCLOBUTANE

DIELECTRIC STRENGTH

Dielectric strength of C,Fg as
a function of pressure in a
uniform electrical field

with 3 inch disks.

140

120

100

Kilovolts

Cqu 1" Gap

——

o b 'y
o 5 10

Gauge Pressure, psi

1)

81

Kilovolts, (RMS)

20 1/2" Gap

e J

oO S 10 15 20 25

Gauge Pressure, psi

[Ref, 1860]

Dielectric strength of CyFgas
a function of pressure in a
non-uniform electrical field
with 1/4 inch rod, positive:
impulse wave (1.5 x 40 micro-
seconds). |

[Ref, 1860]
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OCTAFLUOROCYCLOBUTANE

DICLECTRIC STRENGTH

Breakdown voltage of CyFg as a function of
pressure in a non-uniform electrical

field, with 1l/4-inch rods.

I |  {
U o -
CeFo
2 s}l _
g
ﬁ; 4 ~
2
g
83 .
K4
[;4]
&
2 -
- —
!
1 1 |
(o) 10 20 25 30

Pressure in Inches, Hg (abs.)

82

T
120 C‘C". 7
100 | :
~
(72]
2w} :
-
7]
b
60 |- -
O
>
o]
~
ord
b4 40 -
20 } -
L — A
o 10 20 30 40

Gauge Pressure, psi

[Ref, 1860]

Breakdown voltage of Cyfg as a
function of pressure across a
spark plug,

[Ref. 10u489]
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OCTAFLUOROCYCLOBUTANE
DIELECTRIC STRENGTH

Gas

Freon C-318

Freon C-318/
Nitrogen (50/50)

Freon C~318/
Freon-116 (50/50)

Paschen curve of
Freon C-318,

Pressure Dielectric Strength
1 17.9
2 31l.4
3 46.7
1/2 atm. 9,1 kv -~ RMS
l 13.6
2 21.6
3 30.7
1/2 atm. 9,5 kv - RMS
1l 15,4
2 27,2
3 38,9
[Ref. 7531]
&
[Ref., 10057]
!
FREON C-3i8
900 A\
V

Volts, Peak

800 'a&Ng
g
400 ‘l
GAP: O-Imm; A-2/3mm; L-1/3mm
1 1 | | .
100 60 40 20 0 6 4« 2 I 06

pd (mm Hg-mm)

[Ref., 16386]
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' OCTAFLUOROCYCLOBUTANE

60
DIELECTRIC STRENGTH 1
)
£ sof
>
&
o
o ot CoF,
S 4’8 ()
Breakdown voltage of CyFg as a -
function of pressure, gap >
distance = 0.1 inch. g 301
3
Electrodes - 3/4" steel sphere-to-
brass plane 5 20
o
nJ 1 A
(o] | 2 3
Pressure, Atmospheres
[Ref, 16955]
’ 40
v 30
2
> /
~. or c,F . {
i@ 48 Breakdown voltage of CyFg
-4 . as a function of pressure,
% o ./ gap spacing = 0.1 inch.
> Electrodes -
0 . . 1/4" x 1/4" steel square

0 | 2 3 rod-to-brass plane

Pressure, Atmospheres

[Ref. 16955)
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DIELECTRIC STRENGTH

Breakdown Voltage, kv (RiiS)

100
Breadkown voltage of CyFg . sor s
as a function of pressure, (7]
gap spacing = 0.5 inch. E sk
4 /
Electrodes - 1/4" x 1/4" steel § 4ol ¢
square rod-to-brass &
plane 9 20
o P———
o ! 2
Pressure, Atmospheres
]
l'\
2op- / '
’ \‘ Breakdown voltage of CyFg as a function
100}~ of pressure, gap spacing = 1,0 inch.
CsFe
‘ | )
o} \
Electrodes - 1/4" x 1/4" steel
square rod~-to-brass
7] plane
sof- —— Ref, 16955
~—-— Ref., 1275
o
o l 2 3

Pressure, Atmospheres
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t OCTAFLUOROCYCLOBUTANE

DIELECTRIC STRENGTH

40
)

g o
o

Breakdown voltage of C Fq as a function i a°+ CaFs

of pressure, gap spacing = 0,1 inch, iy
4

,*_.; 1op
Electrodes - 3/8" steel cylindrical >

rod-to~-brass plane ol 3 —
e : 3

Pressure, Atmospheres

[(Ref. 16955]

L

3

—+

Breakdown voltage of (4Fg as a

/' function of pressure, gap
spacing = 0.5 inch,

Voltage, kv (RMS)

Electrodes - 3/8" steel cylindrical
rod-to-brass plane

=)
~N
ol

Pressure, Atmospheres

[(Ref. 16955]
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OCTAFLUOROCYCLOBUTANE
DIELECTRIC STRENGTH .°F ",f‘
) C,F
2 J G
i
-~ [ ]
% o}
Breakdown voltage of C,Fg as g had
a function of pressure, gap 3
spacing = 1.0 inch. > ”A’
Electrodes - 3/8 steel cylindrical
rod-to-brass plane
0 | L
o | 2 3

Pressure, Atmospheres

[Ref. 16955]

s

y

K

Breakdown voltage of CyFg and CyFg
mixtures and C,Fg as a function of

Breakdown Voltage, kv (RMS)
3

20p pressure,
nr
10k
s}
o - 3 3
Pressure, Atmospheres [Ref, 10067]
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| OCTAFLUOROCYCLOBUTANE
' DIELECTRIC STRENGTH

asl

Breakdown Voltage, kv (RMS)

E

“»
v

e

L i i

5 ata.

2 Ata.

© 1/2 Ata.

A0 60 80

Volume, $ CoFg

Breakdown voltage of CyFg and C,Fg mixtures as a function
of volume % CoFg at various pressure.
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; FLUOROCARBON GASES

I ’;3

OCTAFLUOROPROPANE

- Introduction

Octafluoropropane (also calied Perfluoropropane) is a fluorochemical
gaseous dielectric of inert, derse and nonflammable nature. It is a color-
less, odorless gas and when liquified is a clear and colorless product. It
; is commercially available in purity of greater than 90% C4Fg under various
tradenames: Genetron - 218 (Allied Chemical Corp.) and Fx-30 (Minnesota,

Mining & Manufacturing Co.) The molecular structure is as follows:

Pyl s D D

with a formula weight of 188,

Physical Properties

Boiling point (750 mm Hg) ~38°C (-36°F)

Freezing point approx. =160°C

Critical temperature 71°C (160°F)

Critical pressure 26.5 atm (390 psia)
Applications

Tests have shown that Perfluoropropane (Carq) , in its application to
sealed dry-type transformers, has 20% additional capacity for the same tem-
perature rise as nitrogen-filled units at 100% loading.
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OCTAFLUOROPROPANE

DIELECTRIC STRENGTH

| Conditions Voltage Ref,
f For gaps (0.2 - 0.5 in.) and 2.2 - 2.5 relative breakdown 7530
3/u4-in.. sphere to grounded voltage., (Air = 1),
plane
0.2~in, ¢ 1, 1l=in, diameter 32 kv (RMS) 1275
spheres
0.3-in. gap, 0.l-in. rounded 30 kv (RMS) 1275

rod to l-in. sphere

0.1-in, gap, 3/4-in. ball to 13 kv

1l 3/4~in, plane (3 M Test 11055
nc, 80)
70 T T T T 1 T
€0 |~ () 3/4" p1amMETER sPHERE -
——T0 GROUNDED PLANE
- ELECTRODE
v S0 -
g
» ‘o ——d ,1‘/ —ﬂ
;g sFs
g o .
S
2 20 -
GAS ~CsFg
10 — PRESSURE -| ATMOSPHERE -~
TEMPERATURE - 23°C
1 | | ! ] | 1

o 0lCc 020 030 040 Q%0 060 Q70 080

Gaps, Inches

Dielectric strength of C3Fg as a function of
gap distance. 60-cycle wvoltage strength.

(Ref, 1625]
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" OCTAFLUOROPROPANE

E DIELECTRIC STRENGTIH

i
¢
i

o — TP W, e A TR | TR Y0y Il SRR T W R

T T T T T T 1
60 - () 3/4"0IAMETER SPHERE ~ —
—— TO GROUNDED PLANE
~ ELECTRODE
(%2] 5 P~ emnf
@
A
u; 40 -
C,F,
ﬁ 30
g 30 |- ~
-y
2 0t .
GAS - CyF,
10~ PRESSURE - | ATMOSPHERE -
TEMPERATURE - 23°C
A ] ] 1 L1

0 0l0 020 030 040 OS50 060 070 080

Gap, Inches

Dielectric strength of ( ,Fg as
a function of gap distance, 60-
cycle voltage strength.

Kilovolts, (RMS)

Dielectric strength of C4Fg as

a function of gap distance, one-

minute withstand 60 - cycle vol-
tage strength,

[Ref. 1625]

70
I T T 1 ] 1 |
60 |— ﬁ i/2" SQUARE ROD TO =
=== GROUNDED PLANE
ELECTRODE
50 - —
30 — —
10 p— PRESSURE ~| ATMOSPHERE —
TEMPERATURE- 23°C
i 1 L1 | 1 i
0 010 020 030 040 050 060 070 080
Gap, Inches
(Ref. 1625]
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OCTAFLUOROPROPANE 10 T T T T T 7T
DIELECTRIC STRENGTH e |- () 1/2"sauare Roo TO -
GROUNDED PLANE
ELECTRODE
g © -
Dielectric strength of Cj3Fg é
as a function of gap distance, . 40 1
one-minute withstand 60-cycle 8.
voltage strength, 4'§ 30~
3
¥ 20 —
10 }- P RESSURE -} ATMOSPHERE -
TEMPERATURE - 239C
| | | | | |

o 010 020 030 040 080 060 070 080
Gap, Inches

[Ref. 1625]

70 1 T 1T 1 T 1
60 |- 3/4" DIAME TER SPHERE -
TO GROUNDED (" SQUARE Rapidly applied 60-cycle vol-
£ ELECTRODE tage breakdown strength of
@ %0 | — CaFg as a function of gap
z distance.
-
40 |-
o 7]
b
g 30| -
S |
Q 20 > —
PRESSURE — | ATMOSPHERE
o L TEMPERATURE - 23°C ]
] 1 | / 1 1 |

o 0.10 020 0.30 (.40 0.50 0.60 0.70 0.80

Gap, Inches
[(Re. . 1625]
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OCTAFLUOROPROPANE ol L LA EL B B B
6C b— 3/4" DIAMETER SPHERE -
DIELECTRIC STRENGTH TO GROUNDED i~ SQUARE
< ELECTRODE
v %0 —
L d g
One-minute withstand 60-cycle . 40 |- —
voltage strength of C3Fg as +
a function of gap distance, o
2 30+ ~
-
” CaF
20 [~ 370 GAS-CsFs -
PRESSURE -1 ATMOSPHERE
TEMPERATURE ~23°C
10 p- -
| | | L1 1

o] 0.10 0.20 0.30 040 0.50 0.60 0.70 0.80
Gap, Inches

[Ref. 1625]

7
T T T T T T 1
172" SQUARE ROD
. 60  [J TO GROUNDED I" SQUARE ~
oy ELECTRODE
a 50 — —
Rapidly applied 60 - cycle voltage =
breakdown strength of C3fg as a ~ 40 |- ~
function of gap distance. @
"—.; 30 ——
5 CsFs
. 20 —
o —
GAS-CyFy
10 - PRESSURE -1 ATMOSPHERE ~ —

TEMPERATURE -23°
A ] 1 ] | | ]
0 0.10 020 0.30 0.40 0.50 0.60 0.70 0.80

Gap, Inches

[Ref, 1625]
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OCTAFLUOROPROPANE

DIELECTRIC STRENGTH

1 1 1 1 | | T
172" SQUARE ROD
60— ﬁ TO GROUNDED |" SQUARE =
&y ELECTRODE
2 ¥ - One - minute withstand 60
- cycle voltage strength of
v 40 - CqFg as a function of gap
Y distance.
&
g ¥ B
o Cshe
:': 20 - —
e
GAS-C3Fg
o} PRESSURE - | ATMOSPHERE —
TEMPERATURE - 23°
| 1 ] | | | 1

0 0.10 0.20 030 0.40 0.850 0.60 0.70 0.80

Gap, Inches
[Ref. 1625]

3

1
FULL WAVE IS X 40 MS
POSITIVE POLARITY

CsFs

Impulse voltage withstand strength
of CyFg as a function gap distance.

GAS ~ A‘R. Ng, SF., C'F. n
PRESSURE ~ | ATMOSPHERE
TEMPERATURE - 23°C

kv Crest
5 & 3 38 8

ol -1
3/4" DIAMETER BRASS
_ SPHERE TO SOLIDLY 4
GROUNDED PLANE
ELECTRODE
[ 1
(o} 025 050 0.7

Electrode Spacing, Inches

[Ref, 1625]
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OCTAFLUOROPROPANE
DIELECTRIC STRENGTH

140
| |
T T T X
> e 120 }— -
X KO - - f
[
Y] ﬁ ,
& L4
® 80 |- o
0 5 ELECTRODES: 3 IN.
2 60 - 9 PLANES
® 40 ELECTRODES:3-IN  _| 2 N GAP, RM.TEMP
C CONONS:60C IATM % 2 e ——
H
8 20 RMTEMR o o ATM, 0O 5 10 I5 20 25
| I N | Pressure, psig
0 085 10 I8 20 2.5 30
Gap Distance, Inches
Dielectric strength of C3Fg as a Dielectric strength of C3Fg
function of gap distance in a uni- as a function of pressure in
form electrical field. a non~uniform electrical field,

[Ref, 61u40])
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OCTAFLUOROPROPANE

DIELECTRIC STRENGTH

. 40 —y—7—T 7T

* 1o} .

s

+ 100 |- n

&

b oo -

‘:: 60!- —c‘i -

ol

s 40 -

g ELECTRODES' 1/4-I. SO

~ 20 -FRODS -

3 CONDNS: 60 CPS I-N GAP

a B T | 1

o I0 20 30 40 50 €0
Pressure, psig

~

Dielectric strength of C3Fg as a X

function of pressure across a spark g

plug. ®
b
o
>
§
o
©
K
)
4
[« o]

Dielectric strength of C3Fg as a
function of pressure in a non-uni-
form electrical field.

[Ref., 6140]

7 A R T

- o -

5| 4

CSF.

4P -

JF -

2r ~

| = g
i L 1

(o] 10 20 25 30

96

Pressure in Inches Hg (abs.)

[Ref., 10u89]
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FLUORNCARBON GASES

TRICHLOROFLUOROMETHANE

Introduction

Trichlorofluoromethane is a dielectric gas with electronegative behaviour
or characteristics. The chemical formula (CClgF) is depicted as follows:
Cl
|
cl-C -7F
|
Cl
and the gas is available commercially under various tradenames: Freon-1ll (du

Pont de Nemours), Genetron ll (General Chemical Co.) and Arcton 9 (British

sources). Its molecular weight is 137.38.

Physical Properties

Boiling point (at 1 atm.) 23.77°C (74.78°F)
Freezing point -111°C (-168°F)
Critical tempe.ature 198,0°C (338.4°F)
Critical pressure 43,2 atm, (635 psia)
Density of liquid at 30°C 1,464 g/cc (91.38 lbs/fto)

Applications

Potential applicatiens include insulation in coaxial lines and waveguides

as well as high voltage underground transmission installations.
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X

1 CHLOROFLUOROME THANE

~ TLECTRIC CONSTANT

Y 3.5

% Frequency = Skc¢

9 3.0 [

8 ceCL_r
- = S
L 2.5 1

L]

QO

A

.2 2.0 1 1 i 4
a -200 =150 =~100 =50 o 50

Temperature °C

Dielectric constant as a function of temperature
for trichlorofluoromethane,

[Ref, 1265]

Dielectric Constant Phase Temperature Ref.
2.28 liquid 29°C 6189

1.0019 vapor (0.5 atm.) 26°C 6189

16;;5
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iV

TR I CHLOROFLLUOROME THANE

DIELECTRIC STRENGTH

-~
ke
~ 100 ! 100

1] g i
a ec —é o va s

A 20mm

L3

) ”~ \||

0 60 = [ Yo}

o / Z
H er D -

4 L U P
> 40 4 /j:‘/ (=}

g &=

8 20 20
e,
% POWER FREQUCNCY DIRECT VOLTAGE IMPULAE

[o) S, L [o} -4 i o 1

g (o] 20 40 (1e} 80 (o] 20 40 60 [ le] [«] 20 4« &0 o0

Gas Pressure, psi (abs.)

Breakdown voltage with point-sphere electrodes for trichloroflucromethane at
atmospheric pressure and nitrogen added to obtain higher pressure.

Power frequency, positive d.c. and impulse
—-—.=—- Negative d.c. and impulse
- =~ -~ - Power frequency, positiv2 i.c. and impulse with radium

[Ref. 1181]
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TRICHLOROFLUOROMETHANE

DIELECTRIC STRENGTH

Ref,
Relative dielectric strength 3.18 (Np, = 1) 6189
Relative dielectric strength 16775
(uniform field) 3.50 (Air = 1)
Breakdown Voltage Relative
- Abs. “Yower Negative Negative Electric Impulse
ound Pressure Frequency Direct Impulse Strength Ratio
Atm, Sphere Gap, cm
0.5 1.0 0.5 1.0 0.5 1.0 | 0.5 1,0 0.5 1.0
: kv kv kv kv kv kv
ClsF 1 65,0 129.0 |65.0 76.5 3,76 4,05 |1.18
2% 96,5 3.02
(AZ"C" 3% 119,0 2,62
on 91

* Nitrogen added to compound exerting one atmosphere absolute pressure.

100
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- FLUOROCARBON GASES
TRIFLUOROMETHANE

Introduction

HES

Trifluoromethane is a dielectric gas with electronegative behaviour or

characteristics. The chemical formula (CHFa) is depicted as follows:

&nd the gas is available commercially under the following tradenames: Freon
23 (du Pont de Nemours) and Arcton - 1 (British sources).

Its molecular weight is 70,02,

? Physical Properties
Boiling point (at 1 atm.) -82,05°C (~115.71°F)
§ Freezing point -155.2°C (-247.4°F)
Critical temperature 25.9°C (78.6°F)
Critical pressure 47.7 atm  (701.4 psia)
3 Density of liquid at 30°C 1.223 g/cc
Application

: Potential applications include insulation in coaxial lines and waveguides

as well as high voltage underground transmission installations.
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TRIFLUOROMETHANE

DIELECTRIC STRENGTH

Ref.
Relative dielectric strength 0,82 (Ny = 1) 6189
Breakdown Voltage .
Relative
Abs, Power Negative Negative Electric Impu}se
Com- |Pressure Frequency Direct Impulse Strength Ratio
pound| Atm,
Sphere gap, cm
0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0 0e5 1.0
CHF4 kv kv kv kv kv kv
1 15.8 28.5 14.8 27.8 18.8 31.0 0.91 0.90 1.19 1.09
[(Arc- 2 29,5 53.5 27.5 52.5 0.92 0.95 0.93 0.98
4 52,0 100.5 49,5 97.5 0.90 0.95 0.95 0.97

102

[Ref. 1181]




4 E LECTRONIS
| P 0REETIES
 AIR FORCE MATERIALS LABORATORY EPIC | NEORMATISN

AIR FORCE SYSTEMS COMMAND |
i C ENTER
|

‘PREPARED BY ELECTRONIC PROPERTIES INFORMATION CENTER » HUGHES AIRCRAFT COMPANY, CULVER CITY. CALIFORNIA

TRIFLUOROMETHANE

DIELECTRIC STRENGTH

0] 10 20 30 40
Pressure, psi

>

R4 '60 LS 1 1

N ELETRODES: TUNGSTEN

o 140 |-ROD-TO-SPHERE =
3 CONONS: D C POS POLARITY,
% 120 LN GAR 15 x4Ou SEC

9 100 |- WAVE FORM 4
& @l F23 -
9 60} -
s a0 | 4
(&

'3 20 1 A -k

Q

ot

a

Impulse dielectric strength as a function of pressure
for Freon-23 in a non-uniform electrical field.

[Ref., 6140]

90

L 1
80 |- —
~ 10 -
%)
A d
. 501 —
v
H a0 —
o
S 30 F23 —
~
g 20 —
10 —
] |
o 15 30
Gauge Pressure, psi
60-cycle dielectric strength of Freon-23 tested between

two l-inch diameter spheres spaced 1/% inch,

[(Ref. u4299]
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TRIFLUOROMETHANE

DIELECTRIC STRENGTH

Impulse dielectric strength of Freon-23
tested between two l-inch diameter

Kilovolts, (RMS)

spheres spaced 1/4 inch.

130
120
1]e)
100
90
80
70
60
50
40
30
20
10

o

| S S U S |

5 10 15 20 25 30 3%

Gauge Pressure, psi

Kilovolts

174

220 T T
200 - -
180 =
160 - -
140 - -
120 -1
100 -
80 =
eo | +
F23
40 |- / -
—
20k -
1 |
(o] 15 30

Gauge Pressure, psi

[Ref., 4299]

60-cycle dielectric strength of
Freon-23 tested between tungsten
rod and l-inch diameter sphere
spaced 1 inch,

[Ref, 4799]




|
|
o

R FORCE MATERIALS LABORATORY

ARcH AND TEcHNOLOGY DIVISION
FORCE SYSTEMS COMMAND

E LECTRONIG
P RORPERTIES

e 1 NFORMATIOR,
C ENTER

PREPARED BY ELECTRONIC PROPERTIES INFORMATION CENTER « HUGHES AIRCRAFT COMPANY, CULVER CITY, CALIFORNIA

TRIFLUCROMETHANE

' DIELECTRIC STRENGTH

e ———

240
220
200

180
160

120
100
80

60
40

20

Kilovolts

60-cycle dielectri~ strength of Freon-23
tested between tungsten rod and l-inch
diameter sphere at atmospheric pressure.

I 1
— —
L— —
- -
b —
- F23 -
e -
- . | —

I8 30 45

Gauge Pressure, psi

Impul<e dielectric strength of Freon-23,
Positive wave tests made between tungsten
rod and l-inch diameter sphere spaced l-

inch.
[Ref. 4299]

140 =T T T |

120 - -~
7

'oo - —
2
rS 80 P ﬁ
1)
b
o ~
5
lo]
—-
ord -
4

o 05 10 15 20 25

Gap Space, Inches

[(Ref. 4299]
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TRIFLUOROME THANE
DIELECTRIC STRENGTH 280 T T 7
240 |- ~
200 |- -
Negative impulse tests (l#x 40 microsecond "
wave) of Freon-23, at atmospheric pressure, s 60 -
tested between tungsten rod and l-inch 4
diameter sphere, S 20 -
s
| 80 |- F23 -
] a0 | .
\ R N |
o] 05 10 15 20 25
Gap Space, Inches
140 T T T
120 - -
] A .
o
’ 2
~ m
@ N Positive impulse tests (1% x 40 microsecond
wave) of Freon-23, at atmospheric pressure,
] tested between tungsten rod and l-inch dia-
meter sphere,
l | R S |
0 o5 10 15 20 2$5
Gap Space, Inches
1 [Ref. 4299]
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Report No, RADC-TDR-62-443, Nov, 1962, ASTIA AD-283 854,

11055, MINNESOTA MINING AND MANUFACTURING COMPANY. CHEMICAL DIVISION, 34 Brand
Octafluoropropane -~ FX-30, Technical Information Introductory Data.,

16238, MNAT. AERONAUTICS AND SPACE ADMINISTRATION, On the Breakdown Voltages of
Some Electronegative Gases at Low Pressures, by. S. SCHREIZR, NASA TM D-
1761. June, 1963,

16386, SCHREILR, S. On the Breakdown Voltages of Some Flectronegative Gases at Low
Pressures. IEE TRANS, ON POWER APARATUS AND SYSTEMS. v. 83, no. 5, May 1964,
po 1&68-'471.

16775, CLARK, F.M. Insulating Materials for Design and Engineering Practice., N.Y.,
WILEY, 1962, Selected Pages.

16955, COYNER, E.C, and D, HANESIAN, Electrical Insulating Gases: llexafluorcethane
and Octafluorocyclobutane. In: SYMPOSIUM ON ELECTRICAL INSULATING GASES. Oct.
1, 1962, ASTM Special Technical Publication No, 346, Philadelphia. ASTM, 1964,
p. 35-50.
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DS-101
DS-102
DS-103
DS-104
DS-105
DS-106
DS-107
DS-108
DS-109
DS-110
DS-111
DS-112
DS-113
DS-114
DS-115
DS-116
DS-117
DS-118
DS-119
DS-120
DS-121
DS-122
DS-123

DS=-124

DS-142

PUBLICATIONS OF THE ELECTRONIC PROPERTIES INFORMATION CENTEK

Cadmium Telluride - Data Sheets. M. lleuberger. June 1962,
Indium Phosphide - Data Sheets. M, Neuberger. June 1962,
Indium Telluride - Data Sheets. M. Neuberger. June 1962,
Magnesium Silicide - Data Sheets. M. lNeuberger, June 1962,

Polyethylene Terephthalate - Data Sheets. J.T. Milek., June 1962,

Polytetrafluoroethylene Plastics ~ Data Sheets. Emil Schafer. June 1962.

Polytrifluorochloroethylene Plastics - Data Sheets. Emil Schafer. June 1962.

Zinc Telluride - Data Sheets. M. Neuberger. June 1962,

Indium Arsenide - Data Sheets. M. Neuberger. July 1962,

Aluminum Antimonide - Data Sheets. M. lNeuberger. September 1962.
Gallium Phosphide - Data Sheets. M. Neuberger. September 1962,
Gallium Antimonide ~ Data Sheets. M, Neuberger, October 1962,
Lead Telluride - Data Sheets. M. Neuberger. October 1962,
Magnesium Stannide - Data Sheets. M. Neuberger. MNovember 1962.
Gallium Arsenide - Data Sheets. M. Neuberger. December 1962,

Lead Selenide - Data Sheets. M. Neuberger. December 1962.

(No longer available - Superseded by DS-137,)

(Yo longer available - Superseded by DS-137,)

(No longer available - Superseded by DS-137,)

[}

(o longer available - Superseded by DS-137,)
Indium Antimonide - Data Sheets. M., Neuberger. February 1963.
Steatite - Data Sheets. J.T. Milek. February 1963.

Beryllium Oxide - Data Sheets. J.T. Milek. March 1963.

Cadmium Sulfide - Summary Review and Data Sheets. "M, Neuberger., April 1963.

109



AHETRRMIE W foy

i

T

e T U IO TR R

DS-125 Magnesium Oxide - Data Sheets.

DS-142

J.T. Milek., June 1963,

DS-126 ( No longer available - Superseded by DS-137. )

DS-127 Silicone Rubber - Data Sheets,
DS-128 Cordierite - Data Sheets.

DS-129 TForsterite - Data Sheets.

DS-130 Pyroceram - Data Sheets,

DS-~131 Germanium - Data Sheets.,

DS-132 Zinc Selenide -~ Data Sheets.

DS=~133 Zinc (xide - Data Sheets.

DS-134 Cadmium Selenide - Data

DS=-135 2Zinc Sulfide - Data Sheets.

DS=136 Aluminum Oxide - Data Sheets.

DS=-137 Silicon -~ Data Sheets.

J.T. Milek.

JeT. Milek., June 1963,
JoT. Milek., June 1963,

J.T. Milek. August 1963,

August 1963,

M. Neuberger. September 1963,

M. Neuberger. September 1963,

M. Neuberger. October 1963,

Sheets. M. Neuberger, MNovember 1963,

M. Neuberger,

DS-138 Borosilicaete Glasses - Data Sheets.

M. Neuberger and D.L. Grigsby. December 1963,

J.T. Milek. March 1964,

May 1964,

J.T. Milek. June 1964,

DS-139 Aluminosilicate Glasses - Data Sheets. J.T. Milek, July 19h4,

DS=-140 Sulfur Hexafluoride - Data Sheets.

DS-141 Niobium - Data Sheets.

D.L. Grigsby.

J.T. Mile}(. Octocber 1964,

November 1964,

DS-142 TFluorocarbon Gases - Data Sheets. J.T. Milek. November 1964,

OTHER REPORTS

5171.2/8 1Information Retrieval
October 10, 1962,

5171.2/17 Information Retrieval
Jaruary 15, 1962,

5171.2/32 Information Retrieval

April 15, 1962.

Program, Electronic/Electrical Properties of
Materials. First Quarterly Progress Report., E.M. Wallace.

Program. FElectronic/Flectrical Properties of
Materials. Second Quarterly Progress Report. E.M, Wallace,

Program. Electronic/Electrical Properties of
Materials, Third Quarterly Progress Report. E,M., Wallace.
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P62-18 Electrical and Electronic Properties of 'aterials-Information and
Retrieval Program, Final Report. H, Thayrie Johnson, Fmil Schafer
and Everett !i, Wallace. .June 1962,

S-1 Insulation "aterials Descriptors Used in the Flectrical and Electronic
Properties of Materials Information Retrieval Program. FEmil Schafer.
July 1962,

S=2 Semiconductor Materials Descriptors Used in the Electrical and Electronic

Properties of Materials Information Retrieval Program. Emil Schafer.
September 1962,

5171.2/73 Information Retrieval Program., Ilectronic/Electrical Properties of
Materials., Fourth Quarterly Pragress Report, H,.T. Johnsen .
September 15, 1962,

P63-15 Electrical and Electronic Properties of Materials Information Retrieval
Program. H. Thayne Johnson, Donald L. Grigsby and Dana H. Johnson.
April 1963,

P64=1D Electrical and Electronic Properties of Materials Information Retrieval
Program, H. Thayne Johnson and Dana H. Johnson. April 1964,

S-3 A Survey Materials Report on Tetrafluoroethylene (TFE) Plastics.
J.T. Milek., September 1964,

S=u The Purpose and Functions of the Flectronic Properties Information
Center, 1H, Thayne Johnson. August 196u,

S=5 Rcle of the Technical Library in Support of an Information Center.
M. Bloomfield. November 1964,
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