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Diagnosis of Degradation of Rubber Insulating Gloves
for Use in High Voltage Working.
—Thermal Degradation of Natural Rubber Insulating Material—

by Kenji IcHikaAwA* and Ryuji TNAKA®

Abstract ; In order to diagnose the degree of degradation of rubber insulating gloves for use in high
voltage working, it is necessary to have much knowledge about the tendency of their degradation
in service and relating to various degradation factors. The degradation in service and by voltage
and ultraviolet has been described in the previous reports??-®, In this report, the authors describe
the expermental results of thermal degradation of rubber gloves.

These gloves are made of natural rubber insulating material, and the oxidazation reaction is
caused by their being kept in atmosphere without actual use. Therefore, it is very important to
clarify the relations between the degree of degradation due to oxidazation and the insulation
performance, and the mechanical strenght.

The degradation due to oxidazation is a sort of chemical reaction, and this reaction proceeds
severely under high temperature atomsphere. Therefore, the heat acceleration tests of natural
rubber material being used rubber insulation gloves were carried out and the relations between
the degree of degradation due to oxidazation and the insulation performance, and mechanical
strength were investigated. In addition, the activation energy and the thermal endurance life
formula of rubber insulating material were derived to invstigate it.

Principal conclusions obtained are as follows :

(1) When rubber material is heated, it causes the degradation due to oxidazation, and it releases
disintergation gases from the internal part of it and its weight is decreased. The higher the heat
temperature is, the more decreament of weight is obtained with the greater transition of
decreament at early stage of heating. .
(2) The deterioration of insulation performance such as the dielectric loss tangent and volume
resistivity appeares when heat acceleration is given severely to rubber material while the
breakdown voltage does not appear. The dielectric loss tangent and volume resistivity show the
tendency of deterioration when the decreament of weight becomes about 30 mg/g.

(3) The deterioration of mechanical strength such as tensile strength and percentage of
elongation appeares more clearly than that of insulation performance. But that tendency shows
that the deterioration occurs suddenly when the decreament of weight becomes about 30 mg/g.
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(4) The activation energy obtained from the decreament of weight due to the thermal

degradation is 9.3~12.4 kcal/mol.

(5) If the oxidagation that the decreament of weight becomes about 28 mg/g 1is the life due to

the thermal degradation, the thermal endrance life formula is given as follows:

1nt:=(4.68ﬂv6.24)><103x—%§——(8.4~v12.6)

Keywords ; Natural rubber insulating material, Thermal degradation, Activation energy, Thermal
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surement of dielectric loss tangent
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Fig. 11 Relation between field intensity of break-
down voltage and loss weight of natural
rubber material due to thermal degrada-
tion.
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Fig. 14 Tensile strength after heat accelerated
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weight of natural rubber material due to
thermal degradation.
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Fig. 16 Relation between dielectric loss tangent
and tensile strength of natural rubber
material after thermal degradation.
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Fig. 17 Relation between volume resistivity and
tensile strength of natural rubber material
after thermal degradation.
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Fig. 18 Relation between dielectric loss tangent
and perceniage of elongation of natural
rubber material after thermal degradation.
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Fig. 19 Relation between volume resistivity and
percentage of elongation of natural rubber
material after thermal degradation.
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PEFIEAICE C 3 T AMEIOEE Y

n=0.5 n=1.0 n=15

B

- o) Q, [e) |

T —7kL { 1 1 _

T 73028 26 24 2,2 2.0 0=05
— 30 2.8 2.6 24 2.2 2.00O=D
= [ h f § i | (n=1 5) .
= 30 2.8 2.6 2.4 2.2 2.00=L
1/T (X10%/K)

Fig. 21 Relation between the value of In {—In(1—

— 1-n__
z)}orln {(1—?_1——1} and the reverse of

absolute temperature of heat. (in case of t=
1)
MBOHETBENFE L In{—In(1—x)} orIn

{(1%2_‘1":_1} EOBE (t=1058)

4.5.3 EERVEDMEHSKROIIES

Fig. 20 ORERE M E R TS oy b LIRS Fig.
24 TH B, ThiF, BMBEE WK L TINEARR L &
ERVEOBRBBROE TR ZEIckb, T
DZELSURDEL a, b E2RD, BMBWEE T
% In (ab) %, IMZADMENEBEE T OFHTT oy +$3



B T LAFROMBSHEBHT—RAR T 2B R OB LSE—

—t—
| -2
Il ( n=0.5 n=1.0 n=1.5
k-3
i
:,-4
g —4
8
—"5
R
1
~ —6
E
i
—— 7kl 1 1 1 } _
= 730 28 2.6 24 22 (=05
30 2.8 0.6 2.4 2.2l
ST e 2 2 (n=19)
3.0 2.8 2.6 2.4 2.2 -

1/T (x10%/K)

Fig. 22 Relation between the value of In{—In(1—x)} or

(1—=x)i"—1
In {———n_l

}and the reverse of absolute

temperature of heat. (in case of t=2)

mEnEFBREDHE L In{-In{l—x)} orn
(U= e ot (=2 ig8)

n—1

Table 1 Activation energy calculated from chemical
reaction formulas (1) and (13
12, BRORERHA LEH U B T RV F—

a~d 1 hour 2 hour
0.5 | 9.28kcal/mol 9.65kcal/mol
1.0 9.28 » 9.75 »
1.5 9.44 v 9.7 n

¢ Fig. 25 #18%, ZOFERICODWTH, 2.2.3 THEE
Lz & wEBEERS SN, JOHELD 4E 23K
»H2E#9.29 kcal/mol &7 5,

4.6 ILHEOHESEGOHT

4.2 RV 4.3 DEBRER»S, EERD K 26~30
mg/g I8 & THEITT 2 8%k (BkHb) 25EC 3 L,
T AMBIOMGMERE (2P L, BEBEEEZKRL.)
RUEBMATREIMET T 2 Z LM R 5T, #
T, EERYEN 28 mg/g & T LAMBOBRICHLE
DRF LIRE L THET COMEAEFEN % Fig. 4 oK
D5 L, MEWRE100°CTI 2.6 H (#62.4 B5f) &
%30 % 7, 4.5 DRERD SEWLL I VF — 4E % 9.
3~12.4 kcal/mol £ LT, ZhdDERG)RICRAL
EHERETNE, TL2HROMEFHEIKRAD &

(mg/hour)

In v

Fig. 23

— 171 —

4

1 | 1 .
3.0 2.8 2.6 2.4 2.2 2.0
1/T (X107%/K)
Relation between the speed of loss weight and
the reverse of absolute temperature of heat.

En#EsHRENNE L EEFEE & OBE

(mg/ g )
(4]

Im x
—
I

190°C
P e S
500 O/O)/Q’cr‘c’

Heat temp.

Fig. 24

In (abd)

In t (hours)

Relation between the loss weight and heat
time on natural logarithms scale.

NYEBTRUEERD & MR

! /

0l

|l 1 1
3.0 2.8 2.6 24 2.2 2.0
1/T (X107%/k)

Fig. 25 Relation between the value of In(ab) and

the reverse of absolute temperature of
heat.

IEOHEXSREDHB L In(ab) DEEER



— 172 —
HIIL B,

In 1= (4.68~6.24) X 10°X—=<— (8.4~12.6) ()

WMREEFRT &, Fig.26 DXk ick 3,
5. F#&®

FREREINSE T L2HROBL R EERRANS 12
»iz, ITAMEOMBIIESLET Y, BSHEEE
Mg RE R OBV L RGBS I LT,
7z, TALMEOFEEAT A LF -RUTHBEEGR 2K
», TAMBEOMAFEGERN L, ZOBREEH
T2E, RODEBYVTH S,

(1) #8Hticky, TLAMBATRICRIGHEZD
B LIREEIC (£ S B BS ABE A, BN T
3, EEBRFAEZ, MBEENEWERE W, /2,
BATHA TR K E »,

(2) BHLIc X 3T AMEOMEERDIETIX, »
%0 IR MEIES L2 MR W ERI 520,
2, MEEEE T, AEBRTERL 72 NEHEHN T,
TAMEOERRD £ OMICIERLICAEISRE T
Ehhpolz, £z, BELEE LBRBENERZ, EER
DEHH 30 mg/g BIZET 3B H LT TETHE
HBEbLNS,

(3) S X 2BBIEEOETIE, HEIERE
DEEZECHbN S, ZOMEAIIMEEEEDOHE L
U<, EBRAEI 26~30 mg/g FBICET 2 8L
L CREBZETE2RT,

4) BHCI2EERD LI VEH LT 280

heat temperature ('C)
10340 60 80 100 120 160

10 .

life time, In t (hours)

1 1 I U i
3.2 3.0 2.8 2.6 2.4 2.2
1/T (X1073/K)

Fig. 26 Life time of natural rubber material on
thermal degradation
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