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ELECTRODATION IN LOW TEMPERATURE

Kasenm Wongthanasopon
Jarurut  Sinthusonthichart
Piyadit Lamaisathien

™~

Chongruk Boonseng  Advisor

ABSTRACT

In this paper,take the electrodes to develop work-function pro
-pérty of molecule in the electrodes and improve them .for the
advantage using in high voltage. VWe can increase the quality by
adding procedure in the process of produce the electrode before
use. They can make the electrode endure higher breakdown voltage
iﬁ the same distance include higher efficiency and the longer time
in use more than the electrode produce in normal process. We experi
-mwent for compare the property of then.

In the improve quality process to be made by take the electrod
-es through cooling process and take them to anneal in heat flow
oven at high temperature.

For the experiment,comparing the electrodes can do by measure
breakdown voltage invarious distance of gap in air insulator and

0il insulator by use alternating current(ac) and direct current(de).
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R T8 zununacTanangnﬁuautaﬁ
3 2UIUNTITLAN WAnIuIBN A TR L AN
0.5 ¥u.]0.75 #u.{ 1.0 ¥u.! 0.5 A4.|0.75 Au.{ 1.0 *Hu.

1 28.0 40.5 45.2 29.2 39.5 29.2
2 27.5 ‘ 39.0 45.5 29.0 39.5 47.8
3 26.0 40.0 468.2 © 29.0 39.5 48.0
4| 27.0 39.5 45.0 29.3 402 50.0
5 26.0 39.5 48.0 29.1 40.5\ 48.5
6 27.5 39.0 46.2 29.1 40.2 49.8
7 28.0 40.0 45.8 30.0 38.8 48.0
8 28.0 39.5 45.8 29.5 40.2 48.2
9 28.5 39.0 45.0 30.5 39.5 49.0
10 28.0 39.0 46.9 31.6 39.5 51.0
11 28.0 39.5 45.9 32.0 40.0 50.2
12 28.5 40.5 45.2 31.2 39.0 49.0
13 28.5 39.5 45.2 29.5 40.0 49.0
14 28.0 39.0 45.2 30.6 40.0 47.0
15 28.5 39.5 45.5 32.0 39.5 48.0
16 28.4 39.5 45.2 29.6 40.5 48.5
17 28.5 39.5 45.5 31.1 40.0 51.2
18 28.7 39.6 48.0 30.5 40.0 51.5
19 28.7 39.5 45.8 30.5 40.0 48.2
20 28.4 39.86 45.5 33.0 40.0 43.4
21 28.5 38.7 45.5 31.0 40.0 48.2
22 28.4 38.0 45.2 30.2 40.5 4T.4
23 28.0 40,0 468.2 31.2 40.5 47.5
24 28.4 40.0 47.0 31.2 40.5 48.5
25 29.0 39.0- 47.2 31.2 40.5 47.5
26 28.5 39.5 47.5 29.9 40.2 48.2
27 27.9 39.5 48.8 29.6 41.0 48.2
28 | 28.7 39.0 45.8 31.2 41.0 48.5
29 28.7 39.0 46.2 32.0 40.0 48.5
30 28.7 39.0 45.5 30.9 40.5 48.5
74| 843.5 [1184.4° [1375.5 914.7 [1202.1 |1461.1

ladm| 28.12 39.48 45.85 30.49 40.07 48.7
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A8 TeazunyIaa TANENA LAY
7 BUIUNTITLAN ' WausyIun e L Ay
0.5 Bu.{0.75 ¥u.| 1.0 An.| 0.5 ¥N.}0.75 Hu.| 1.0 TN,
1 27.8 35.0 46.5 28.1 40.0 47.5
2 27.8 38.0 46.5 28.8 40.0 49.0
3 26.6 39.0 45.5 28.0 39.5 48.0
4 26.7 89.5 AT.0 28.0 39.5 47.5
5 26.6 39.5 46.0 28.8 | _39.5 47.3
8 26.6 38.8 46.0 27.8 40.0 47.5
7 27.8 39.0 45.8 28.2 40.0 47.5
8 26.8 39.5 46.8 29.0 40.0 47.5
9 |- 29.0 39.4 45.5 29.0 39.5 47.0
10 26.9 - 39.0 46.5 28.2 39.0 48.7
11 28.5 39.0 46.5 28.0 39.5 46.5
12 27.0. 39.0 47.0 28.0 - | 39.0 47.5
13 26.6 39.4 47.0 29.2 39.5 48.0
14 27.6 39.4 46.0 27.5 39.7 47.5
15 28.0 39.1 47.0 27.0 39.0 48.0
16 27.8 39.2 46.0 29.6 39.8 48.0
17 28.0 39.4 45.5 29.0 40.0 48.0
18 27.5 39.4 48.9 29.0 38.9 47.3
19 27.8 39.0 45.8 28.0 40.0 47.0
20 27.8 39.4 45.0 29.5 40.0 47.7
21 27.8 38.0 45.8 28.5 40.0 48.0
22 27.8 39.5 45.2 29.2 39.5 47.8
23 27.9 38.8 46.5 29.é 39.5 AT.5
24 28.2 39.0 44.5 28.6 39.5 46.3
25 27.9 39.2 45.5 28.6 39.5 47.5
26 27.0 38.5 45.0 28.2 39.0 49.0
27 26.0 39.0 46.8 29.5 40.0 48.0
28 28.5 39.0 46.0 28.0 41.0 47.3
29- | 27.9 38.5 46.5 28.2 41.0 46.5
30 28.5 38.8 45.0 29.0 40.0 47.5
71u| 828.5 |1168.6 |1381.6 856.7 {1191.4 |[1426.4
tadn|  27.62 38.95 46.05 28.56 39.71 A7.55
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A8 seazunlaadTansnainaay
A NN ) dupuaun Tend LA
0.5 #u.{0.75 Hu.| 1.0 ¥u.| 0.5 ¥u.|0.75 Wu.| 1.0 .
1] 25.0 41.0 45.5 27.3 39.5 48.6
2| 26.8 40.8 45.2 27.9 40.5 48.5
3| 26.6 40.0 44.2 28.2 40.5 A7.8
4| 28.0 40.5 44.0 29.1 41.5 47.8
5| 27.2 39.8 45.3 28.2 |. 41.6 48.2
6 | 28.2 39.8 45.4 29.1 | 40.5 48.2
7| 28.0 41.5 45.8 28.2 42.5 48.4
8 | 28.2 40.8 45.5 28.8 42.0 48.0
9 | 28.2 39.8 44.8 28.2 42.2 A7.4
10 | 28.2 40.8 45.6 | 28.2 40.6 | 48.4
11 | 28.2 39.8 | 45.4 | 28.2 | 41.5 49.0
12 | 29.2 41.5 46.0 29.0 |- 41.4 47.5
13 | 28.0 39.8 45.0 30.6 | ~42.2 | 48.5
14 | 29.4 40.8 45.0 29.2 41.4 48.0
15 | 27.5 40.0 45.0 29.4 41.4 49.4
16 | 27.5 41.0 46.2 31.0 41.5 49.0
17 | 28.2 39.6 45.0 | 28.5 41.4 48.0
18 | 27.4 40.5 45.2 30.5 41.4 49.5
(19 | z28.8 40.6 | 45.4 28.9 41.4 48.2
20 | 29.5 40.8 45.4 30.2 41.2 48.4
.21 | 28.5 40.5 46.2- | 29.5 42.0 49.0
22 | 28.5 40.0 48.0 30.2 41.0 48.2
23 | 28.0 39.8 | 44.5 29.5 41.2 48.3
24 | 28.2 40.0 47.0 28.0 40.0 49.0
25 | 28.5 41.0 45.5 30.1 41.2 48.0
26 | 29.0 40.0 45.0 28.8 41.2 8.4
27 | 27.0 40.0 45.2 29.5 42.0 49.4
28 28.5 41.0 47.0 30.0 41.0 49.4
29 | 27.5 40.5 15.0 29.0 42.0 48.0
30 | 28.5 40.5 45.2 28.8 40.0 49.2
yau| 840.1 |1212.5 |1361.3 | 872.1 [1237.8 |1453.5
wann| 28.0 40.41 | 45.37 | 29.07 | 41.26 | 48.45
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R1774N 6.4 wiaquanwwnadauLnanﬁunutaﬁTaa1?u1qau1wﬁ1n1zuﬁa1q1unu1uawnﬁﬂ

annu seasuntnavIane LnansunuLas
3 BUIURTTLAN dumuaunTeugt Au
0.5 ¥u.{0.75 ¥u.| 1.0 ¥u.| 0.5 Wn.|0.75 Pu.| 1.0 ¥u.
1| 16.2 22.8 25.8 17.1 23.7 28.2
2 | 16.2 22.8 27.6 17.8 23.4 28.2
"3 | 15.8 22.2 28.2 17.4 23.1 28.8
4| 15.8 21.9 28.2 17.3 23.4 28.8
5| 15.8 22.2 28.2 17.7 23.4 28.2
6 | 15.9 22.5 28.2 17.4 23.0 27.9
7| 15.8 21.9 28.2 17.6 .| 23.4 28.2
8 | 15.9 22.8 27.9 16.8 23.7 27.8
9| 15.8 22.5 27.6 17.9 23.4 27.9
10 | 15.9 22.2 28.8 16.5 23.4 28.8
11 16.2 22.2 27.8 17.4 23.1 28.8
12 | 16.2 21.9 28.2 17.6 23.7 27.6
13 | 16.2 22.2 28.2 16.8 23.1 28.5
14 | 15.9 21.9 27.6 17.3 23.4 28.2
15 | 18.2 21.6 27.86 17.0 23.7 27.9
16 | 15.9 22.2 28.2 17.7 24.2 28.5
17 | 15.9 21.9 28.2 18.0 23.7 28.8
18 | 15.6 21.9 28.2 1 23.1 28.2
19 | 15.8 21.6 28.2 17.1 23.4 27.6
20 | 15.9 21.9 27.6 16.8 23.7 27.9
21 | 15.6 21.8 28.2 18.3 22.8 28.5
22 | 15.86 22.2 28.2 17.4 23.7 28.2
23 | 16.2 22.2 28.2 16.2 28.7 28.5
24 | 15.9 22.5 28.2 17.9 23.7 28.5
25 | 18.5 22.2 27.0 17.9 23.7 27.9
26 | 16.5 22.2 27.0 16.8 23.4 27.9
27 | 18.2 22.5 28.2 16.7 23.1 27.6
28 | 16.8 22.8 27.6 16.8 23.4 | 27.0
29 | 18.2 22.8 27.8 17.4 23.4 27.9
30 | 15.8 22.2 28.2 18.0 22.5 27.6
sou| 478.8 | 666.3 | 836.7 | 519.3 | 703.1 | 843.8
vada| 15.96 | 22.21 | 27.85 | 17.31 | =23.44 | 28.13
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a8u T5azUNUNAITRNENASUAY
3 BUIUNITLAN ) drunuun Tuuds au
0.5 ¥u.|0.75 ¥u.| 1.0 Au.| 0.5 7¥u.|0.75 ®u.| 1.0 T,
1 14.4 22.5 26.4 15.6 24.0 28.5
2 13.8 22.5 26.1 16.2 24.0 28.8
3 16.5 22.8 25.2 15.6 23.1 26.8
4 14.7 22.5 27.3 15.6 24.3 29.0
5 15.0 22.5 27.3 15.8 24.0 28.5
6 16.2 22.5 25.5 15.8 24.3 28.5
7 15.3 22.5 26.4 15.6 24.3 28.8
8 16.8 22.8 27.3 15.9 23.4 29.1
9 16.2 22.5 26.4 15.9 23.1 28.8
10 16.2 22.8 25.5 15.9 23.7 29.1
11 15.9 22.5 26.7 16.2 23.4 28.8
12 | 15.9 22.5 27.3 15.9 23.1 28.8
13 15.8 22.8 26.1 16.2 23.4 29.1
14 15.9 22.5 27.3 15.9 24.0 29.1
15 15.3 22.5 27.3 15.9 24.3 28.8
16 15.9 22.8 27.3 15.9 23.4 28.5
17 15.6 22.5 26.7 16.2 23.1 29.1
18 15.8 22.8 27.0 16.2 23.7 29.1
19 15.3 22.2 26.7 16.2 23.7 28.2
20 15.6 22.2 27.0 16.2 23.4 28.2
21 15.3 22.8 27.3 16.5 23.7 29.1
22 | 15.6 23.1 26.7 16.2 22.8 28.2
23 15.3 22.5 27.3 15.9 23.4 28.2
24 15.6 22.8 26.4 15.6 23.7 28.2
25 15.0 22.8 26.4 16.2 23.4 29.1
26 15.9 23.4 26.1 15.9 22.8 28.8
27 15.6 22.8 26.7 16.2 24.0 28.8
28 16.2 23.1 26. 4 15.8 23.4 28.8
29 15.9 22.8 26.7 16.2 23.7 29.1
30 15.6 22.8 26.7 16.2 23.4 28.8
| 464.9 679.8 799.5 | 478.8 | T0B8.4 862.7
\ain| 15.5 22.68 26.65 15.96 23.6 28.76
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ana ! ToazunlaadTanEna I naaY
A TUIRN1TLAY WM TUL T LAY
0.5 ¥8./0.75 #u.| 1.0 ®u.| 0.5 ou.[0.75 Fu.| 1.0 7.
1{ 15.8 22.5 26.4 15.86 24.86 27.0
2 | 15.0 22.8 26.7 15.8 23.7 27.3
3| 15.9 22.8 27.2 15.3 23.4 27.3
4| 15.8 22.8 26.7 15.3 | " 24.0 27.0
5| 15.9 22.8 27.3 16.2 24.8 27.6
6 | 15.9 23.0 26.7 15.8 24.8 27.3
7| 15.9 23.1 7.0 15.6 24.9 27.0
8 | 15.8 23.3 27.0 15.3 23.7 27.86
9 | 15.8 23.4 26.7 15.9 24.0 27.6
10 | 15.5 23.1 26.7 15.3 25.2 27.6
11 | 15.9 23.3 27.2 15.3 25,2 27.0
12 | 15.6 23.4 26.4 15.9 24.9 27.0 ?
13 | 15.8 22.8 26.7 15.9 25.2 27.6
14 | 15.0 23.3 L B 15.6 25.2 27.6
15 | 15.1 22.2 | 27.0 15.6 25.5 27.3
16 | 15.9 23.4 27.0 15.8 24.0 27.0
17 | 15.9 23.1 27.0 15.6 24.6 27.0
18 | 15.3 23.1 27.0 16.2 24.9 27.0
19 | 15.4 22.7 27.3 16.2 24.9 27.6
20 | 15.0 23.4 27.2 15.9 25.2 27.3
21 | 15.6 23.4 27.3 15.9 25.2 27.0
22 | 15.2 23.3 27.0 15.9 25.8 27.0
23 | 15.8 22.5 27.0 15.6 25.5 26.7
24 | 15.9 23.4 27.0 15.6 24.9 27.0
25 | 15.8 22.8 26.4 15.3 24.8 27.0
26 | 15.8 23.1 26.4 15.3 25.2 27.3
27 | 15.8 22.8 27.0 15.0 25.2 27.3
28 | 15.8 23.0 26.9 15.6 25.8 27.6
29 | 15.8 22.8 27.0 15.9 25.5 27.0
30 | 15.8 23.1 27.0 15.3 25.5 26.7
sou| 464.9 | 679.8 | 799.5 | a7rs.s | 708.4 | 8s2.7
tada| 15.5 22.66 | 26.65 | 15.96 | 23.6 28.76
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A701 1sazunﬂnaq1auslngnduautaﬁ
A BUIUNITLAN ' dupusn Tan gL au
1.0 un.| 2.0 un.| 3.0 un.| 1.0 uu.|{ 2.0 uu.| 3.0 uy.
1 3.8 7.5 9.0 4.2 7.2 10.2
2 4.2 6.9 9.6 4.2 7.8 9.9
3 3.6 7.2 9.6 3.9 7.8 9.6
4 3.9 7.2 9.0 4.2 7.8 10.2
5 4.2 6.6 9.6 3.8 7.2 9.9
6 4.5 7.2 9.6 3.9 7.8 9.9
7 4.8 7.5 10.2 4.2 6.9 "10.2
8 4.2 7.8 9.9 4.5 7.8 10.2
9 5.4 7.2 9.9 4.8 7.8 8.0
10 4.5 73 9.0 4.2 7.2 9.9
11 4.2 7.2 9.6 4.8 7.2 9.0
12 4.5 6.3 9.3 4.5 7.2 9.3
13 4.8 6.6 10.2 4.5 %.5 9.6
14 4.8 7.2 9.6 4.8 7.5 10.2
15 4.2 7.8 10.2 5.4 8.9 10.8
186 3.9 6.6 9.0 4.2 7.5 9.9
17 4.2 6.3 9.6 4.8 7.2 10.2
18 4.8 7.2 9.0 4.8 6.6 9.6
19 4.2 6.6 10.2 4.5 7.5 9.6
20 3.6 7.2 9.6 4.2 6.6 9.9
21 3.9 7.2 9.3 4.2 6.9 10.2
22 4.5 7.2 9.9 5.4 7.6 10.5
23 4.8 6.9 9.8 4.8 7.8 10.2
24 4.8 6.6 9.0 5.1 6.6 9.9
25 3.9 7.2 10.2 4.2 6.9 9.0
26 4.2 7.5 9.9 5.7 7.2 10.2
27 4.2 7.2 9.6 5.4 7.8 9.6
28 4.8 7.2 9.6 5.4 7.5 10.2
29 4.5 6.6 9.6 4.2 7.5 10.5
30 4.5 7.2 10.2 5.1 7.5 9.6
74| 130.2 212.1 288.6 137.7 220.5 297.0
(aan 4.34 7.07 9.62 4.59 7.35 9.9




R ) - » -
A1774n 6.8 uda\man'\‘maﬁau‘tanxnﬂma~1'Iau‘ltfu'rmu‘lwd'ln-x::uﬁﬂau‘lumx’mma'x

R TrasunlnayTaANENa A
A BUIUNTT LAY drurutunaTund Lo
1.0 uu.| 2.0 nu.| 3.0 un.| 1.0 un.| 2.0 un.| 3.0 M.
1 3.3 5.7 7.8 3.9 7.2 9.2
2 3.0 6.0 8.4 3.3 6.9 8.4
3 3.3 5.4 7.8 3.6 7.4 8.7
4 3.3 6.3 7.8 3.9 6.9 8.9
5 3.6 6.0 9.0 3.8 7.5 9.3
6 2.7 8.3 8.4 3.8 6.9 9.6
7 3.0 6.6 9.6 3.6 8.9 10.2
8 3.3 6.6 9.3 3.9 6.9 9.0
9 3.6 6.3 9.0 3.9 7.2 9.6
10 3.3 6.9 7.8 3.8 6.9 9.6
11 3.3 6.6 9.6 4.2 6.6 10.2
12 3.9 6.3 9.0 3.6 7.2 9.3
13 3.3 6.3 9.0 3.3 7.5 9.0
14 3.6 8.3 10.2 3.9 7.2 9.6
15 3.9 6.6 9.9 4.5 8.6 10.2
16 3.3 6.9 10.2 3.3 6.9 10.2
17 3.3 6.6 10.2 4.2 6.6 9.8
18 3.9 6.6 9.0 3.8 6.3 9.0
19 3.6 6.9 9.0 3.3 6.3 8.7
20 4.2 VA 10.2 4.5 7.2 9.8
21 3.3 6.0 9.6 3.9 8.6 B.7
22 3.6 - 6.3 8.7 3.3 6.6 9.8
23 3.3 7.2 9.0 4.4 6.9 9.9
24 3.9 8.3 9.3 4.2 7.2 9.6
25 3.9 6.0 8.7 3.6 7.5 9.0
26 4.2 6.0 8.4 4.2 6.6 10.2
27 3.6 6.6 9.0 3.3 7.2 9.9
28 3.0 7.2 8.1 3.3 6.9 9.0
29 3.9 6.0 9.6 4.2 6.3 9.3
30 4.2 5.4 9.3 3.3 7.2 10.2
11| 105.6 191.4 270.9 113.6 208.1 283.3
tadn 3.52 8.83 9.03 3.79 6.94 9.44
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A8 ToazUNnaYTANENAY LNARY
n BUAUNITLAN dunuaun Tuud L I
1.0 auu. 2.0 uy. ‘3.0 Wi, 1.0 yu.1 2.0 uu.| 3.0 nu.
1 3.3 5.4 9.6 | 4.2 7.8 9.3
2 3.9 6.6 9.9 4.2 6.9 '| 9.3
3 4.2 7.2 8.7 4.5 8.7 9.0
4 3.8 6.3 8.4 4.8 6.9 9.3
5 4.2 6.9 9.8 3.9 7.8 9.9
6 4.5 6.3 9.3 3.9 7.2 10.2
7 3.9 6.9 9.6 4.2 7.8 9.6
8 3.9 6.6 10.2 5.1 6.6 11.1
9 4.2 7.2 9.6 5.7 7.2 9.3
10 4.2 7.2 9.9 4.5 8.4 9.6
11 4.5 6.0 10.2 4.2 6.9 10.2
12 4.2 5.7 | 9.9 4.2 7.8 10.2
13 3.9 7.3 9.6 3.9 7.5 9.3
14 4.2 5.7 10.2 4.2 6.0 9.6
15 3.9 6.3 9.6 4.2 7.8 9.6
18 4.2 6.6 9.3 5.1 7.8 9.8
17 4.2 6.9 8.7 4.2 7.8 9.9
18 3.6 7.2 8.4 4.8 7.8 9.6
19 4.2 6.0 9.3 4.8 6.6 10.5
20 4.2 6.6 9.0 4.5 7.2 9.0
21 3.9 6.9 8.4 4.8 7.2 9.6
22 4.5 7.2 9.6 4.8 8.7 10.2
23 | 4.5 7.2 8.1 4.5 8.6 9.6
24 4.5 6.6 8.7 4.2 8.4 10.2
25 4.8 5.7 8.7 5.4 7.2 9.6
26 3.6 7.5 9.9 4.2 6.6 9.6
27 3.9 5.7 9.6 5.4 7.2 9.9
28 3.6 6.6 10.2 3.9 6.6 9.6
29 4.5 7.2 10.2 4.8 6.9 9.9
30 4.2 7.5 9.0 5.1 7.8 9.6
g} 123.0 | 198.9 | 281.4 | 136.2 | 221.7 | 291.9
aan| 4.1 6.63 9.38 4.54 7.4 9.73
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ATTINN 6.10 UFAIHANITNARBILMANAUALLAFTADTYUTIATWHAIN TEU AR TI AN NI A

RN 1suzunUnaeTaustu5nauaulaa
A BUIUATITLAN WaunuunaTangs ou
1.0 uu.| 2.0 nu.| 3.0 un.| 1.0 un.| 2.0 un.| 3.0 ny.
1| 14.0 24.5 32.0 14.0 27.5 41.0
2 | 14.0 23.0 33.0 15.0 29.5 41.5
3 11.5 22.0 33.0 16.0 30.4 39.0
4 13.0 24.0 33.0 17.0 31.5 41.0
5| 13.5 25.5 34.0 17.5 27.5 40.5
6 | 14.0 23.0 35.5 15.5 | 81.5 40.5
7 13.5 24.0 33.5 16.5 27.5 38.5
8 |  13.0 24.0 33.0 18.0 | 29.5 36.0
9 14.0 24.b' 32.0 16.0 29.0 40.0
10 | 14.0 26.0 34.5 16.0 27.5 42.5
11 | 13.5 23.0 32.0 17.0 27.5 41.0
12 | 14.0 24.0 35.0 16.5 27.5 40.0
13 ;s.o’ 23.0 33.0 17.5 .28.5 37.0
14 | 14.0 24.0 34.5 14.5 31.0 40.0
15 13.5 24.0 34.5 15.0 27.5 40.0
16 14.0 24.0 32.0 15.5 29.5 39.5
17 | 14.0 23.0 35.0 17.5 30.5 39.0
18 | 14.0 23.0 33.0 18.0 30.0 39.0
19 | 13.5 23.0 34.0 16.5 28.0 38.5
20 13.0 23.5 32.0 18.0 30.0 38.0
21 | 13.5 24.0 33.0 18.0 30.0 39.0
22 12.0 24.0 33.0 17.0 31.0 39.0
23 13.0 23.0 30.5 18.5 27.5 38.0
24 13.0 23.5 30.5 17.0 27.5 37.0
25 13.5 23.5 32.5 16.5 28.0 37.0
26 13.0 23.5 32.0 17.0 28.0 37.0
27 14.0 23.0 34.0 17.0 27.5 36.0
28 | 14.0 23.0 34.0 17.0 28.0 37.0
29 | 14.0 23.0 32.0 18.0 30.5 37.5
30 | 13.5 22.5 33.0 17.0 31.0 36.5
7| 406.5 | 707.5 | 993.0 | 500.5 | 870.4 |[1168.5
wadm| 13.55 | 23.58 | 33.1 16.68 | 29.01 38.95
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A Tenzunlra Tangnavnay
7 TUIUNITLAN ' HMBUIUN 1 TURE L Y
1.0 su.| 2.0 uu.| 3.0 un.| 1.0 wn.| 2.0 wu.| 3.0 wu.
1| 1.0 25.0 30.5 15.5 25.5 32.0
2 | 14.0 23.5 268.0 15.5 25.5 33.0
3| 15.0 24..0 29.0 16.0 24.5 34.5
4| 13.5 23.0 28.5 16.0 26.0 33.0
5| 15.5 24.5 30.0 15.0 25.0 32.0
6 | 18.5 24.5 28.5 16.0 | > 25.0 33.0
7 | 15.5 25.0 29.0 15.0 25.5 33.5
8 | 15.5 23.5 | 31.0 16.0 25.5 35.0
9 | 14.0 23.0 | 30.5 15.5 26.5 33.5
10 | 14.5 23.5 30.5 15.5 24.5 32.5
11 | 15.0 23.5 31.0 16.0 24.5 33.5
12 | 13.5 22.0 30.0 15.0 25.0 33.5
13 | 13.5 23.5 29.5 15.5 24.5 32.0
14 | 14.0 25.0 29.0 16.0 25.5 33.5
15 | 14.0 24.0 28.5 17.0 25.0 33.0
16 | 14.0° | 24.0 30.5 17.0 24.5 34.0
17 | 14.0 23.0 - | 31.0 | 16.0 26.0 33.0
18| 14.5 | 240 | s0.0 | 15.5 | 26.0 | 34.0
19 | 15.0 23.0 31.0 16.5 26.0 35.0
20 | 14.5 23.5 30.5 15.0 26.5 34.5
21 | 14.5 23.5 29.5 16.0 25.0 32.0
22 | 15.5 24.5 | 29.5 17.0 24.0 33.5
23 | 16.0 24.5 28.5 16.0 25.5 33.0
24 | 16.0 25.0 30.5 16.0 26.0 34.0
25 | 15.5 24.5 31.0 16.0 27.0 32.0
26 | 14.5 24.5 30.5 15.5 26.0 33.5
27 | 15.0 23.0 29.5 15.0 27.0 32.0
28 | 15.0 23.0 29.0 17.0 25.5 31.5
29 | 16.0 24.0 30.5 16.0 26.0 32.0
30 | 15.5 24.0 31.0 16.5 25.5 33.0
si| 443.5 | 715.5 | 896.0 | 476.5 | 764.5 | 994.5
tadn| 14.78 | 23.85 | 20.87 | 15.86 | 25.48 | 383.15
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d?ﬁu TSHSHﬂUﬂHQTaMSHEQlﬂsﬂi
7 PUIUNTITLAN ' dauauIun TundL ou
i.O wi.| 2.0 uM. 3.0 M. 1.0 uu.}.2.0 uu. 3.0 NN,
1| 13.0 24.0 27.0 13.0 23.0 32.0
2 | 14.0 24.0 28.5 14.5 25.5 30.5
3 | 13.0 23.5 28.5 16.0 23.0 31.5
4| 13.0 23.5 27.0 14.0 23.0 33.0
5 | 14.0 24.0 28.0 16.5 23.0 32.0
g8 | 14.0 25.5 27.5 16.0 | 24.5 32.5
7| 14.0 24.0 28.5 15.5 25.0 34.0
8 | 14.5 23.0 27.0 16.0 24.0 33.0
9 | 14.5 22.5 27.5 15.0 | ‘24.0 34.0
10 | 15.0 22.5 29.0 14.5 23.0 34.0
11 | 15.0 24.0 27.5 16.5 23.0 33.0
12 | 13.5 23.0 27.0 14.0 25.0 32.5
13 | 13.5 22.5 28.5 16.5 26.0 33.5
14 | 14.0 24.0 28.5 16.0 23.0 35.0
15 | 14.0 23.5 27.0 | 15.0° | 24.0 32.0
16 | 13.5 21.0 29.0 | 13.0 27.0° | 33.5
17 | 13.5 22.5 26.0 17.0 26.0 29.5
18 | 13.5 23.0 28.0 . | 15.0 26.5 29.5
19 | 14.0 23.5 27.5 | 15.0 27.0 32.0
20 | 14.0 23.5 29.0 15.5 26.5 35.0
21 | 14.0 21.0 28.0 16.0 27.0 33.5
22 | 14.5 22.5 29.5 17.0 23.5 34.5
23 | 13.5 23.5 28.0 15.5 25.0 34.0
24 | 13.5 23.5 27.5 15.0 24.0 32.0
25 | 13.5 22.5 28.5 16.0 26.0 33.0
26 | 14.0 23.5 28.0 17.0 24.5 33.5
27 | 13.5 21.5 29.0 16.5 26.0 33.0
28 | 14.5 24.0 28.0 16.0 26.0 34.0
29 | 14.5 23.5 27.5 16.5 26.0 33.5
30 | 13.5 23.5 29.0 17.0 24.5 31.0
1| 416.5 | 696.0 | 841.5 | 467.0 | 744.5 | 984.0
tadn| 13.88 | 23.2 28.05 | 15.57 | =24.82 | 32.84
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ATITURUINAINR
o ¥4 N . K
Jeazuml| RI1NAR NTTNARAIATIN ATLAAN
o o 4 ' 1 ”Tﬂ?
Ay, (Haau1T) 1 2 3 4 5 6 (wanb

200 | 18.0| 17.0| 17.0| 17.0| 18.0| 18.0{  17.50
0.5 300 | 22.0| 22.0| 22.0| z2.0{ 22.0{-22.0 22.00 -
400 | 28.0( 26.0| 28.0| 27.0| 27.0| 28.0| £7.33

500 | 31.0 32.0| 32.0( 32.0| 32.0| 31.0| 31.1s

200 21.0| 21.0f 21.01 22.0f 21.0} 21.0 21.16
0.75 300 | 28.0| 28.0}| 28.0] 27:0] 29.0( 28.0 28.00
400 35.0{ 35.0| 35.0| 36.0( 35.0) 35.0 35.16

500 40.0| 41.0) 40.0} 42.0] 42.0y 42.0 41.16

200 27.0( 27.0| 27.0( 28.0) 28.0| 26.0 27.16
1.0 300 35.0| 35.0| 35.0f 36.0| 36.0{ 36.0 35.50
400 40.0( 41.0) 41.0{ 40.0| 40.0¢{ 40.0 40.30

500 48.0} 48.0; 48.0) 48.0f 48.0} 48.0 48.00
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nTzud&ATITuaRINa N g

ar et 8 "l [ -l
Tensumly A NAR NTTNRARANATIN fgLaan

£
gu. | (HAauIT) 1 2 3 4 5 6 | (awamb

200 21.0} 19.0| 20.04 20.0} 19.0| 19.0 15.66
0.5 300 24.01 26.0{ 26.0| 26.0| 24.0| 25.0 25.18
400 29.0| 28.0f 29.0{ 29.0| 25.0( 30.0 29.00

500 33.0| 34.0| 34.0| 33.0( 33.0f 33.0 33.33

200 24.0| 24.0f 24.0| 24.0) 24.0{ 24.0 24.00
0.75 300 32.0| 32.0( 32.0{ 32.0{ 32.0| 32.0 32.00
400 37.0| 38.01 38.0| 38.0{ 38.0| 37.0 37.66

500 40.0| 43.0| 43.0] 43.0} 44.0( 44.0 42.84

200 28.0| 28.0| 28.04 27.0§ 27.0¢ 27.0 27.50
1.0 300 37.0| 36.0| 37.0( 36.0( 36.0] 36.0 36.33
100 13.0( 44.0f 44.0|-44.0| 45.0| 44.0 44.00

500 52.0{ 52.0{ 51.0{ 51.0{ 52.0| 52.0 51.66
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nTeudRTITuA I N

Teasuny ﬁ'l'mé'u ﬂ']'fnﬂaﬂ\‘ﬂ;.:\!ﬁ Fi']lﬂgﬂ
fu. | @adnD| 1 2 3 4 5 6 (ﬁ§:ﬂ)
200 | 17.0| 17.0{ 17.0| 16.0| 17.0| 18.0f 17.00

0.5 300 | 21.0| 21.0| 21.0| 22.0| 22.0| 21.0| 21.33
100 | 27.0| 28.0] 27.0| 27.0| 26.0| 28.0| 27.16

500 | 31.0| 32.0{ 32.0| 31.0| 32.0| 31.0] 31.50

200 | 21.0| 21.0] 20.0] 21.0{ 20.0 20.0{ 20.50

0.75 300 | 27.0| 28.0| 26.0| 27.0{ 28.0| 28.0{ 27.33
400 | 36.0| 37.0| 36.0| 35.0| 26.0| 35.0] 35.84

500 | 41.0| 41.0| 41.0| 42.0| 42.0] 41.0{ 41.33

200 | 25.0] 25.0| 26.0| 27.0| 26.0| 25.0{ 25.66

1.0 300 | 34.0f 34.0| 31.0| 33.0| 33.0| 33.0|{ 33.50
400 | 40.0| 40.0| 41.0] 41.0| 41.0{ 40.0] 40.50

500 48.0( 49.0f 49.0| 49.0; 50.0 4{3.0 419.00
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NTEUAR TITUARIUAINA

“ x ) ' t 4

TEasUN| RIIMAU NITNAABNATIN AnLaag
o o L4 4

€y, |MRAUT) | 1 2 3 4 5 6 (uwamb

200 20.0( 19.0{ 20.0( 21.0( 21.0} 18.0 20.00

0.5 300 24.0| 25.0} 26.0| 25.0] 24.0y 24.0 24.66
y

400 27.0) 28.0f 28.0} 28.0| 28.0] 27.0 27.84

500 32.0( 33.0

W
3
o

34.01 32.0( 33.0 32.66

Dl

200 ‘ 23.0| 23.0¢ 22.0| 22.0| 24.0( 23.0 22.84
0.75 300 32.0| 32.0| 32.0| 32.0| 33.0| 32.0 32.16
400 37.0¢ 37.0| 38.0| 38.0f 38.0| 37.0 37.50

500 43.0} 44.0| 44.0( 41.0| 41.0{ 43.0 42.66

200 25.0] 26.0( 25.0f 25.0{ 25.0) 26.0 25.33
1.0 300 34.0{ 34.01 33.0} 35.0{ 33.0| 34.0 34.16
400 43.0y 42.0] 42.04 43.0] 42.0| 42.0 42.33

500 51.0! 50.0| 52.0] 51.0| 52.0f 50.0 51.00
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nTsusaTITuanInaIng

-

Tensuny mwé’u ﬂ'ﬂn%ﬂﬂ«!ﬂ’i‘:\l# ﬁ"ﬂﬂ':llﬂ
ot A,

. (NARUT) 1 2 3 4 5 6 (uamh
200 16.0( 16.0{ 16.0| 16.0| 16.0| 16.0| 16.00

0.5 300 21.0| 21.0| 21.0f 21.0| 21.0{ 21.0{ 21.00
> 400 26.0| 26.0| 26.0{ 26.0| 26.0| 26.0| 26.00
500 31.0{ 32.0| 32.0| 31.0| 32.0| 32.0| 31.68

200 20.0( 20.0| 20.0| 21.0| 20.0{ 20.0{ 20.16

0.75 300 29.0| 28.0| 29.0| 29.0| 29.0| 28.0] 28.33
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MARUIA N

INTERMATIOMAL ELECTROTECHNICAL COMMISSION

METHOD FOR THE DETERMINATION OF THE
ELECTRIC STRENGTIT OF IMSULATINGLOLULS

FOREWORD

1Y The foermal decisions or 2ercements of the LE.C. on techmon mattzes, prezzred Sv " anmcas Comnutiees nn wineh 2! the
National Committees naving X spectn interest iberan are represented. sxnress, s hearts v 2owpeble, an mniernatona)
comensus o' Jowrron an the sutyecty deait wath

-
2)  They nave the form of recommencations for sntcraanenal use snd “~ev are ac¢zuten b the Namaal Comotiees
that sense. ’

3 1 arcer to promote this inrcenatonal s iatication, “0e [, axpresees ihe visn e e Napoasi @, stters vy 3
wet nee aztional miles, when -?u:o:umg uzh rules, ould vse the LR ovommensations 2s the tandam

these “tles in 3o far a< aathnal conudions il permit,

Pasis Yor

1 The crueability 1s cecogmzed of cAtCOUING INLEMNILIUALL 1ETCENTAT UA LIEST NALCS (el erdeasour 10 harmonice
A3tedn slandardization rules with these recommendations R so £ar as natona contions will permnat,  “he National
Lommittees ptedge therr induence tuwards that znd.

PREFACE

b

This reccommendation was prepared by eenneat Commuttee No. 10, insuizang Oils,

A arst draft was circulated in (961, and. a5 1 result of the meenng nedd at futeriaken in June 1961,
4 proposal was submitted to the Natonal Comimitees for approval under the Six Manaths” Ruie m January
T1%0L .

The following countrics voted exniicitly in Javour .of nublication:

Austrig Netheriands

Belyiwn NMarway

Bulgany Paland

Czechoslovakiz Portigal

Denmark Ronuinn

Finland Sweden

France swagzertand

Germany Turkey

Hungars aion ot Soviet Socinha Republics

Israc! thvted States o0 Ameniea



METHOUD FOR THE DETERMINATION OF THE
ELECTRIC STRENGTH OF INSULATING OILS

L. Intraduction

Electric strength is not a critetion of insulating oil manufacturing \;uali(y. but 3 conventional test
intended ta reveal the extznt of physical pollution by water and ather suspended matter, and the 1dvi-
sability of carrving vut dryving and filtranon’ treatment” berore the wils are intrauuced into the apparatus
lor which they are intended.

The measured value of the electric strength depends essentially on the apparatus and procedure used.

Although in principle the technical problem concerning the assessnrent of clectric <treagth 15 the
same for new oils. treated oils and used oids, it would scem that this test shouid e standirdized swiciv
tor the purpaose of international transictions in new wils intended tor cicctrotechnical nses. transacitons
in which 2 common denominator is Jesired. Fuch Nationazi Commuttes can wandardize, : us own
country, .t sipecial different method tor tid contrat of used oils,

o)
The test described below consists i subjecting the oil, contdined w2 pecified apparitus. "o 40
1.¢. electnic field with a continuously increasing rate of voltage rise. till the oil hrcaks down.

I Geoerad

JThe (st is, in principle. the same far all classes of oil (for transtormess, Jor oui-fillcu cables. for
circunt-breakers, tor capacitors), whether new or used. [t 15 mainly interded for the aeceptance of new
orls at the time of their delivery; its upplivation is restricted to vils having a viseasity of not mure than
30 dentistokes at 20°C.

3. Swrupling

As the electric strength is exceptionally sensitive ta the slightest contamination of the sampte. the
importance of careful sampling, with special reterence 10 possible abscrption of humidity, cannat be
tou strongly emphasized. Samples of insularing oil Tor clectric strength tests arc only drawn Dy or under
the immediate supervision of persons of judgement. skill and experience in the handling of insulaung nils.

The oil is sampled at the place where it is considered to be most polluted, for cxample. at the lowest
point o' the receptacle holding it.

L, Condition of the oil/

The test is carried out un the vil as reczived. without deving or Jdesassing. .

5. Test ccil
The vell, made of giass or plastic, 15 transparent, with an effective volume between 300 and 00 .
[t is preferably closed.

Two types of cell are ilustrated, “see Figures | and: 2 page IS,
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6 Flectrodes

The copper, brass, bronze ur stamless steel polished clectrodes e ether spherreal 1123 mm o
15.0 mm diameter) as given in Figure 1 or spherical surtaced of the shape and Jimensions given m
Figure X, The clecirodes are mounted vn a horizontal axis and are L5 iun apart,

The gap between them 1s set to an sccuraey uf = L1 mm by menns of thickness gauges,  [he axis
of the clectrodes is immersed to a depth of aporoximately 40 mm.

Electrodes arc replaced as soon as pitting caused by discharges s observed.

7 Crepueation of the cell ~

When it 15 not in use. it is recommendcd 10 store the apparatus full of dry ail in x clean dry place,
protected from dust.

{f it has not been used for some time, it is thoroughly cleaned : the electrodes are removed. cleaned
and finally rinsed with Jry clean new oil. Replacement of the electrodes is carried vut with the reatest
care. avouding all direct contact with the fingers.

Immediately belore use, the ceil is cleaned by rinsing with the test il (several tmes. of nossible)
hetore proceeding to the linal flling under the onditions iuid down i Clause 7.

L. Prepuration of the sumple

The vessel containing the test oil is gently agitated ind tuened over several times in such 4 wav ay
to <hsure 15 far us possible 1 homovencvus distribution ol the impurities <ontained in the il without
sausing the formation of aic bubbles.

linmeyiately ulter this, the sumple s poured Jown into the test cell, slowly in vrder (0 avord air
hubbles rorming (e.g. by means of a clean, Jry class rod). The uperation is carried out ina dry place
free from Cust.

The il temperature at the time of the test <hall be the same 15 thac of the ambient air, peeterabiv
10 the ncichhourheod ot 20°C (15 to 25°C), and noted.

9 Test method

The :west consists in applying to the clectrodes an increasing a.c. voitage ol Irequency 20 to 62 Hz
ws5), the rate of increase of the voltage being regular and equal-to 2 XV/s, stSiting from zero up to the
value producing breakdown.

The wircuit is opened manually if a transient spark {audible or visible) uccurs hetween the clectrodes
ur automuatically il an established urc occurs.

{n the latter case the automatic switch shall break the veltage within 0.02 .

. N
The breakdown voltage is the voltage reached during the test at the ume the first spark occurs hetween
electrodes. whether it he trunsient or established.

The test shall be carried out six times on the same cell filling.

The first application ot the voltage is made as quickly as possible after the cell hus been lilled. providad
there are no longer any air bubbles in the oil, and at the latest ten minutes after Klling, Alter each hreak.
down, the ail is gzntly stirred between the zlectrodes by means uf a clean. dry wlass rod. avoiding as tar
as passible the production of aic bubbles. For the five subsequent tests. the voltage is re-applied vne
minute after the disappearance of any air bubbles that may have been formed, If the observation of
the disappearance of air bubbles is not poassible. it 15 necessary to wait tive minutes before a new hbreakdown
test is started.

The clectric strength s the arithmetic mean of the <ix results which have been obtained.
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10, Clectrien! apparutns .
.

The characteristics of the electrical apparatns shall comply with the following requirements

10.1  Transformer

The test voltage may be obtained by using 2 step-up transformer supplied from 1n a.c. (40 tn
62 Hz (c/s)) low-voltuge source. The primary voltage is wradually increased. either manually ur
by an automatic coatrol device.

The voltage applicd to the clectrodes of the url-filled cell has un appraximately sinusoidal wave.
form. such that the peak factor is within the following imus: L34 e, 2~ %) and 148
(ie. 2 3 37%). N

The transformer und associated equipment are Jesigned 10 produce a1 minimum short-circunt
current of 20 mA lfor voltages higher than 15 LV,

10.2  Protective year

The test is carried out 5o as to prevent high-frequency vscillations as far as possible.

To protect the equipment and to avoid decompusition of the oil at the instant of break-
down, a resistance limiting the breakdown currcnt may be inserted in series with the test cell.

The primary cireuit of the nigh-voltage transtormer 1s titted with 1 circuit-breaker vperated
by the current flowing following the breakdawn of the sample, and with a delay not mose than 0.02 s,
The circuit-breaker is fitted with u ao-vohayz release coil tu protect the squioment.

10.5 Voltage regulation
Voltage regulation may be ensured by une of the following mcthods :

J) Vanable-catio auto-transformer:
#) Resistance type voltage dividec;
¢) Generator-ficld regulation;

d) Induction regulator.

Preference is given to an automatic system for increasing the voltage, becausc it is difficult to
obwin manually a reasonably-uniform rate of voltage rise 3s a lunction of time.

10.4  Measurement of test voltage

For the purpose of this document, the magnitude of the test voltage is defined as its peak value
divided by 2. '

This voltage may be measured by means of a peak-voltmeter or by means of another type of
voltmeter connected to the input or output side vf.the testing transtormer, or to a special winding
provided thereon; the instrument then used must Ye calibrated against a sphere-gap up to the full
voltage which it is desired lo measure.

The ratio of the voltage derived from the sphere-gap to the voltage indicated on the auxiliary
instrument mnay be dependent upon the presence of the test cell ur of the sphere-gap and itis impartant
that the test cell (or an equivalent load) should be in the circuit during’ the ealibration.

The sphere-gap may be disconnected during the actual test if its presence is known (o have a
negligible influence on the voltage ratio.

1. Resolts
The report shows, expressed in kilovolts, the breakdown veltages obtained during all the tests which
have been carried out. and the average ol the results,

The report shall mention the type of electrodes used, the lrequency of the test voltage und the
1l temperature.
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Protect yourself and others. Read
and understand this bookliet.
Keep it available for-reference at
all times. You can get additional
copies through your supplier.

Warning

Use only liquid nitrogen or liquid
argon in Liguid Nitrogen Refrigerators
and Dewars. Do not use liquid air or
liquid oxygen, both of which may
present a combustion hazard with
some materials used in the const-
ruction of th&se units, or materials
stored in them. |

Introductlon

The safe handling and use of liquid
nitrogen in cryogenic refrigerators and
dewar flasks is largely a matter of know-
ing the potential hazards and using
common-sense procedures based on
that knowledge. There are two important
properties of liquid nitrogen that present
potential hazards:

1. ltis extremely cold. At atmospheric
pressure, liquid nitrogen boils at
—320°F (—196°C). )

2. Very small amounts of liquid vaporize
into large amounts of gas. One liter of
liquid nitrogen becomes 24. 6 cu.ft.
(0.7 m?) of gas.

The safety precautions in this booklet
must be followed to avoid potential injury
or damage which could result from these
two characteristics. Do not attempt to
handle liquid nitrogen until you read and
fully understand the potential hazards.
their consequences, and the related
safety precautions. Keep this booklet
handy for ready reference and review.

Note: Because argon is an inert gas
whose physical properties are very simi-
lar to those of nitrogen, the precautions
and safe practices for the handling and
use of liquid argon are the same as
those for liquid nitrogen.

Handling Liquid
Nitrogen

Contact of liquid nitrogen
or cold gas with the skin or
eyes may cause serious
freezing (frostbite) injury.

Handie Houic hitropen careivtiv
The extremely low temperature can
freeze human flesh very rapidly. When
spilled on a surface the liquid tends to
cover it completely and intimately; cool-
ing a large ared. The gas issuing from
the liquid is also extremely cold. Delicate
tissue, such as that of the eyes, can be
damaged by an exposure to the cold
gas which would be too brief to affect
the skin of the hands or face.

Hevera! sweany unproiec €
part ¢i your body lo touch
objects cooled by licuid nitro-
o=, Such objects may stick fast to the
skin and tear the flesh when you atiempt
to free yourself. Use tongs to withdraw™ -
objects immersed in the liquid, and han-
dle the object carefully.

VWezr proteciive clothing. Protect
your eyes with a face shield or safety
goggles (safety glasses without side
shields do not give adequate protection).
Always wear gloves when handling any-
thing that is, or may have been, in
immediate contact with liquid nitrogen.
Insulated gloves are recommended, but
heavy leather gloves may also be used.
The gloves should fit loosely, so that
they can be thrown off quickly if liquid
should splash into them. When handling
liquid in open containers, it is advisable
to wear high-top shoes. Trousers (which
shouid be cuffless if possible) should be
wom outside the shoes.
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Cryogenic containers are specifically
designed and made of materials that
can withstand the rapid changes and
extreme lemperature differences
encountered in working with liquid nitro-
gen. Even these special containers
should be filled SLOWLY 1o minimize the
internal stresses that occur when any
material is cooled. Excessive internal
stresses can damage the container.
Joonod cover or pieg ing
crirence cpzning cof any lguid
nifregen refrigerator of dewern
Do not use any ctepper or othn!
device that woulc interiere with
venting of gze. These cryogenic lig-
uid containers are generally designed to
operate with litie or no internal pres-
sure. Inadequate venting can result in
excessive gas pressure which could
damage or burst the container. Use only
the loose-fitting necktube core supplied
or one of the approved accessories for
closing the necktube. Check the unit
periodically to be sure that venling is not
restricted by accumulated ice or frost.

ioe
n\ll

Use proper transier eguipnent,
Use a phase separator or special filling
funnel to prevent splashing and spilling
when transterring liquid nitrogen into or
from a dewar or refrigerator. The top of
the funnel should be partly covered to
reduce splashing. Use only small, easily
handled dewars for pouring liquid. For
the larger, heavier containers, use a cryo-
genic liquid withdrawal device to transfer
liquid from one container to another. Be
sure to follow instructions supplied with.
the withdrawal device. When liquid cylin-
ders or other large storage containers
are used for filling, follow the instructions
supplied with those units and their
accessories.

Filling

.above the bottomof the necktube {(or

specified maximum level) can result in

overflow and spillage of liquid when the
neckiube core or cover is placed in the
opening.

......

SRR Ut SRS S IR S S

oo circutie Whenawarmtube is
inserted into.liquid nitrogen, liquid will
spout from the top of the tube due to
gasification and rapid expansion of liquid
inside the tube. Wooden or solid metal
dipsticks are recommended; avoid using

~ plastics that may become very britlle at

cryogenic temperatures.

Nitrogen Gas can cause
suffocation without
warning.

Sicre znd vee hquid nittoce
coly inos weli-ventiistes piacc,
As the liquid evaporates, the resulting
gas tends to displace the nommal air
from the area. In closed areas, exces-
sive amounts of nitrogen gas reduce the
concentration of oxygen and can result
in dsphyxiation. Because nitrogen gas is

" coloriess, odorless and tasteless, it can

not be delected by the human senses
and will be breathed as if it were air.
Breathing an atmosphere that contains

" less than 18 percent oxygen can cause

dizziness and quickly result in uncon-
sciousness and death.

Note: The cloudy vapor that appears
when liquid nitrogen is exposed to the
air is condensed moisture; not the gas
itself. The issuing gas is invisible.
Never dispose of liquid nitrogen
in confined areas or places
where others may enter. Disposal
of liquid nitrogen should be done out-
doors in a safe place. Pour the liquid
slowly on gravel or bare earth where it
can evaporate without causing damage.
Do not pour the liquid on pavement.



First Aid Notice

If a person seems to become dizzy
or loses consciousness while work-
ing with liquid nitrogen, move 1o a
well-ventilated area immediately. If
breathing has stopped, apply artifi-
cial respiration. If breathing is diffi-
cult, give oxygen. Call a physician.
Keep warm and at rest.

If exposed to liquid or cold gas,
reslore tissue to normal body tem-
perature (98.6°F) as rapidly as pos-
sible, followed by protection of the
injured tissue from furthér damage
and infection. Remove or loosen
clothing that may constrict blood cir-
culation to the frozen area. Call
physician. Rapid warming of the
affected part is best achieved by
using water at 108°F. Under no cir-
cumstance should the waler be
over 112°F, nor should the frozen
part be rubbed either before or after
rewarming. The patient should
neither smoke, nor drink alcohol.

Handling Dewars &
Refrigerators

Lo

: ezl decionar o
hiot purpogc. Tipping the container
or laying it on its side can cause spillage
of liquid nitrogen. It may also damage
the container and any materials stored

init.

4
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Begah hent g oo Cruce o7
CUS GOmaEtt L Gowire &b
reirigersicte. Dropping the container,
allowing it to fall 8ver on its side, or sub-
jecting it to sharp impact or severe
vibration can result in partial or complete
joss of vacuum. To protect the vacuum
insulation system, handle containers
carefully. Do not "walk”, roll or drag
these units across a f'2or. Use a dolly or
handcart when moving containers,
especially the larger portable refrigera-
tors. Large unils are heavy enough to
cause personal injury or damage to
equipment if proper lifting and handling
techniques are not used.

Do not anemp-t-to\move large stationary-
type refrigerators unless they are com-
pletely empty.

VWhen {ransporting e liquid nitro-
cen containsr, maintain ade-
Guate ventiletion and protect the
unit from damage2. Do not place
these units in closed vehicles where the
nitrogen gas that is continuously vented
from unit can accumulate. Prevent spill-
age of liquid and damage to unit by
securing it in the upright position so that
it can not be tipped over. Protect the unit
from severe jolting and impact that could
cause damage.

Keep the unit clean and dry. Do
not store it in wet, dirty areas. Moisture,
animal waste, chemicals, strong clean-
ing agents and other substances which
could promote corrosion should be
removed promptly. Use water or mild



detergent for cleaning and dry the sur-
face thoroughly. Do not use strong alka-
line or acid cleaners that could damage
the finish and corrode the metal shell.

Protecting
Refrigerator
Contents

Materials stored in liquid nitrogen refrig-
erators are protected by the extremely
low temperature of the liquid nitrogen or
the gas that issues from the evaporating
liquid nitrogen. When ali of the liquid
nitrogen has evaporated, the tempera-
ture inside the unit will rise slowly 1o
ambient. The rate at which the liquid
nitrogen will evaporate depends upon
the pattern of container use and the age
and condition of the container. Evapora-
tion increases as insulation efficiency
deteriorates with age and rough han-
dling. Opening and closing to insert and
remove malerials and moving the unit
will increase the evaporation rate.

To protect valuable material stored in a
liquid nitrogen refrigerator:

Check the liguid level in vt
freguently, i least once ezch
weel. Failure to properly monitor liquid
nitrogen level can permit undetected
loss of refrigeration with resulting dam-
age to the material stored in the unit.

Fietill the refrigerator as reguirey
2

to maintain protection of the
stored metarielc. Always be sure
that there is enough liquid nitrogen in
the unit to last until the next scheduled
checkup. When the contents must be
kept at liquid temperature, keep the lig-
uid leve! high enough to cover the mate-
rials. Where gas-phase temperatures
provide adequate protection, the liquid
level can be lower.
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vacuum loss is evident or suspected,
transfer the materials stored in the unit
to another refrigerator as soon as possi-
ble and remove the unit from service.

Reference
Publicatiqns

For more detailed information concern-
ing safety precautions and safe prac-
tices to be observed when handling
nitrogen refer to CGA publication P-12
Safe Handlng of Cryogenic Liquids,
available frc=i1 the Compressed Gas
Association inc., 1235 Jefferson Davis
Highway, Arlington, VA. 22202.
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