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Thermal Deterioration of Natural Rubber Insulating
Material and its Evaluation

by Kenji ICHIKAWA*

Abstract; In order to keep good insulation performance of insulating personal protective equipment
and device for linemen, it is necessary to develope a method evaluating the insulation performance
with electrical non-destructive test. In that case, it is important to know deterioration features
of insulating materials being used in them and to establish the measuring technique.

In this paper, natural rubber material was adopted as insulating material being used in
electrical rubber gloves for high voltage live line working. The material was artifically deteriorated
by the application of heat and its physical properties such as chemiluminescence amounts per
second (refered to as “CL amounts”) and dielectric loss tangent (refered to as “tand”) were
measured with the examination of the relations between those properties and thermal deteriration
(heated days).

Principal conclusions obtained from the experiments are as follows:

(1) CL amounts depend on the measuring temperature over 60°C and reach certain satu-
ration after about 5 minutes. The saturated CL amounts were increased as the material was
deteriorated, showing that there was a good linear correlation between CL amounts and heated
days.

(2) The activation energy, one of parameters to estimate the thermal endurance life of mate-
rial, was calculated from the saturated CL amounts and the reciprocal temperature, and giving
47.3 kJ /mol.

(3) The tané was measured when high voltage, whose frequencies were changed from 70
to 400 Hz, was applied to material. A smooth increasing tendency of tan § was found until the
applied voltage of 3 kV. Also, tan§ was increased as the material was deteriorated, and it was
observed that there was a good correlation between tan é and heated days.

(4) The tané was also measured when the measuring frequencies with low voltage were
changed from 30 Hz to 3 MHz. The values were similarly increased as the frequencies became
higher, but a difference due to heated days was not found at fequencies of 400 Hz and less
showing that it was smaller than tané measured with high voltage. However, the difference
appeared clearly at frequencies from 1 kHz to 300 kHz.

(5) The tané was measured at the low voltage of 1 kHz when the measuring tempera-

ture was changed from —60°C to +80°C. The values were greatly changed with increase of the
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temperature, but a difference due to heated days was only found at the temperature range of

—20°C and +20°C.

(6) Relative dielectric loss factors were calculated from condactance and capacitance of

material obtained with experiment and it had also a good correlation with heated days.

Keywords; Natural rubber insulating material, Thermal deterioration, Chemiluminescence, Dielec-

tric loss tangent
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Table 1 The values of constants a3 and b1 on
equation (15)

(15) K= B 2 ERKa1, b1 DfE

Measurement
temperature (°C) @ b
60 2.07 89.7
80 4.00 136
90 5.89 151
100 9.57 219
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EEEZEMLAEOFEELE (tand) ZHRIZELR
BETHD, 2L, BEREDORIKEEIIFEHBEICE
W70 Hz L AR L D &\ 400 Hz @ 2 BEHOY
BIDWTERLLZEREZRT. TNEDVRDEH
fEESR 61D,
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Fig. 16

O MEEDHE MK LT tan §i338MM§ 2 Hm 2
SRS, FofEmENIE 3 kV FTIEPL, 3kV 2R
k&% 3, @3kV ZTHOEMEETIE, EIK
¥ 70 Hz CTHIZE L 72 RHBILROIHILERLD tan §
¥, 400 Hz TRIZE L72RkH LRl tan §13131TTR
UAE 2R L7248, 400 Hz THIZE L 72 %EEo tan §
IELEWEERLLZ, @ 3 kV 282 EMERE
T3, FHILREE BB T tan SO BEMEBENICE
WERT, HALRBTIIINEIAIIRELS LD, £
OEIT 3 kV LIFi» b 0&EfE»A LN S, —F,
FHLRBITIE 3 ~ 4 kV TAKICHEML 4, 5 kV
TIEVETIHIZRLERZ L %, @4, 5 kV DEE
TizRBILERHC B W T L RIEFIEEDE IR,
FratEl L FIREIC 400 Hz CTRIE iz tan D FH D
70 Hz CRIZEZI N ZF N L D EW,

INLOEAFENALGERE LT, XNLI R
LHEL LD, ODIMEEDE L TERBOIR
NEZIEINT 2728, tan§i3—KICHEMT 5. @
SRR CRAERICBOWTEHSRENREL 2. FFIC
ERAEE—RT VR ERERRHTE)MFIT2T
NIBENE, HDWIRTNLIEBROMAB—TIEE
BrEmNEERREDIVIIERTy YVTOER
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Table 2 The activation energies of each specimen
ERHCB T IERET R L H~
Deterioration condition Activation energy
of specimen (kJ/mol)
no-aging 47.3
80°Cx5 days - 49.2
. 80°Cx10 days 50.0
80°Cx20 days 54.4
80°Cx40 days 58.0

5.0
" o 400Hz ] Specimen exposed to
3.0 & T0Hz 80°C X 40days
0 400Hz )} No-aging o ¥
2.0 ¢ 70Kz specimen

(%)

tand
o
\

|

1
|

N

0.3 1 2 3 4 5

Applied voltage (kV)

Fig. 17 Voltage characteristics of dielectric loss tan-

gent measured by tan§ device

tan SREIC & 3 FEEHEDOTIEIH

DEFIHEC Y, 20 FREIHREI )TV, EB
ROBRIL Y, RBILRED 4, 5KV TORIETII,
CDBERD RGP FRICHE CHEN b EE 25
n, BEAETOEMSBEICL DD LI3E L,
ZIT, REBRTHEHALLEBRRATIZI 3KV LITO
MBETRIE L tan§ 2 MREFT T B DD B U TH B &
EXbhbd, LirL, HILERRHIB W TIZEIMEED
4, 5kV TtandH» L THEY, RERICHERL.
KT LRI TIE Z DREE DB TEE PR 12 85
TREFRELIETELHEIN B, OFHLEEC
BT 400 Hz DREECHRIE L 72 tan 6% 70 Hz T
BELZZNLIDREEBE LTIE, BEEREE
(2722 LT LD FESRICED B EIEI M
Lz b Bbid, RBRE CHREEDOBE Y

FERER W EFFEHRE RIIS-RR-91 -

2.0
080°C X 40days
B80°C X 20days
v80°C X 10days
1. 0L 480°C X 5days
~ 7l eno-aging o
é‘\’ /0/8;'3"
N 00—
_%:’_‘5929_2 ¢ ——
o5 ///* i
= o / g
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A
0.3 ¥
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Fig. 18  Frequency characteristics of dielectric loss

tangent measured by tané device

tan S3RBIC & 3 FEIEEOE LS
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0.3 { | [} !
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Fig. 19  Relation between tané and the number of

days deteriorated at temperature of 80°C
(log-log scale)
tan REBEIZ & 2N B & tan SOREE

BN 5> 2BEIZOWTIZRD 4.2.2 THRIT 2,
422 BEEZEOREEEEEM

Fig. 18 3RFILK VB HBLREHZDWT, Ein
BE 3 kV TR ? 40 ~ 400 Hz  TE 2 7238
ADFEIER (tand) 2RE L ERTH 2, AR
D 70 Hz LI LD EKIZDWT, kD& 5 ey
Abid, OHILREEID tan 2B KON L 3z
ZITERZBIER 2 R T2, RBRBO 2R
3 EAEBET, 2o, HILRBOMED &
TRELHO0.65%TH 5, @QFHLERDAICEETI
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5. 0: The number of days heated at temperature of 80°C for
3.0 40days
20days Q [—— -
o - 10days o=
S gf/ﬁ§2%;;ﬁx —
/D/V/ ./
w 1.0k /O/V/A /./~ .
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Fig. 20 Frequency characteristics of dielectric loss tangent measured by dielectric loss measurement device

FEFRIEERIC L 3FEEROFRENSE

Table 3 The values of constants az and bz on
equation (16)

(16) RIc &} 3 E Raz, boDfE

Frequency az ba
400Hz 0.258 0.346
70Hz 0.188 0.327

1, BALHET LT BREHIE tan 67K E W,

IS OEAAENSEE & LTIRIZ bR
50, BEMRICL AZFHEEOMM, HILIrET
L2 LI L 2IBNERRGOBEMNZ EAEZ b
2., 72, RBARBTRHARB LD b tan 67K
XKL AR LN WERELT, X
NDES R EDEZ LN, RELRBOERICH
2T, BEICELNIZNIBET NI —NTR
X Jl - 727713 TIA? conditioning & 4T > Tz
$, IBGLEATEIIC A &5 MEAE L b DIk E
DIERI L 2 EQRERE (tan SRMIFIENIE) D
EhLINTWEWS E, 518, TRHERITE
PHEEHES TASTFOFESRICL BRI LK
K\ 728, 70 ~ 400 Hz FBE O REBEMATIZE
HEN b LBblb,

%72, BILREH D W TIIHLAELT L72EARHI L
tan 625k & & 7 HERPBRNL T 50T, MEHEK
23t B tan SOBMR 2RO T Az, £DFERII Fig.
19 DEBDEY TH b, ANKIIBBMORELFE

EZEOBEBRERTONTHY, oMl zFRKFD
SR L9 IERL L 7235, BH B XIcKT 5%
FEIEH tanSOBER & LT (16) AP FEH NS, <
DRDER as, bg@ﬁg‘i, Table 3 IZ/RT @Y, 400
Hz DBA D HSEREROHE a9k & £, ERHE
DBATEE DRV R HAREITRT, Sk ) HALEHb
D72 DI IITEHAERKE VB WFRE CHEEREE
HMELFHFEMNTHLEEDNS,

tand = bo X*? (16)
43 BZEGBITBCI2FEEEORAECHIL
B2
431 SBHEEFEORKEEISHE

Fig. 20 IIRBARUIEHBIREHZOWT, BER
% 20°C Ioffh, BIROREEE % 30 Hz ~ 3 MHz
$ TS EDOHEIERE (tans) FRELR
HEERETH DL, R SRD & RlEm LBl AL
D, OERELE b EIKEOWINT tan MY 5
MR RT. S UERROBINIC X > CHEMRIC
I aESTHMLEDEEZ LN, QEER
Wegohs 1 ~ 300 kHz OFHET, KHMRUEHLR
B ic 20N, HALDEIT L2EEHT £ tan 62°
K& HERPRD LD, £IT, BBRDFHL
FE 2 Rl 510l o D& o ERER, FRic 10 ~ 100
kHz DR EA BV,

Fig. 21 (38 %»* 330 Hz, 1 kHz, 10 kHz AV
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The number of days heated at temperature

of 80°C (days)

" Relation between tané and the number of
days deteriorated at temperature of 80°C
(log-log scale)

FEFRUERCLIZMBAAKL tan SDOEEF

Fig. 21

100 kHz OFAICDWT, MBEHKICHHT S tand%
Ty LD TH B, MPFDOERITERIE L K
ATZLDTHBH, 5~ 20 B TIIEGHII ML
40 BT ZDHEBOER F & ) —fRICEWALEBIZH
D, B CORHTEICIEINDG L) IKEL S
N5, BELEZEMLIEOMEBE KL tan D
1 (Fig. 19) #, EHFETEM L2 LI, ZHOBE
% —OHEE THEL L T2 E gD Fig. 21 o &S
THbd, THOEMT (16) REFFICSRTI LN TE,
ZDEH as, byt Table 4 DBEY TH 2, HiENE
BEZRT aaDEIE O R EWEAD, RRENSHAL
REDEVWEZRLPEICRTILIZE 2, i3
F#E LY 10 kHz (8 TH 5,
432 BHEEEDERERSH

Fig. 22 BRFBIKRVCEHLREZOWT, BR
DR 1 kHz I8 % tan SOIEERME % —60 ~
+80°C DHEHTHZE L72HRTH 2, ALY, &
FHRHE tanSI3 K & LI EKFEEZRL, —60°C T
IFFEE IR iR L D, —40 ~—30°C fHETHEK
fE% L >72nbHWES L, +20 ~+40°C fHET
—60°C THOfEL ) RELMETEAMER & 72D B
UHEER %2 R T

CDEI AR, RCLIFLITERNTWS L
I2, FESMRIC L HFBHOBNPERTH 505, 5
EofmeE L 2ERICIZ 231 TRRLEES I, FE
BEADIRFRA T DBEICL > TEL 259 F5Hk

EEZSWEMFERE RIIS-RR-91

Table 4 The values of constant az and bz on
equation (16)
(16) Ric &1 3 ERa2, b2 DfE
Frequency ag b2
100kHz 0.228 0.909
10kHz 0.271 0.482
1kHz 0.197 0.368
330 Hz 0.135 0.363

80°C X 40days
80°C X 20days
>/ 80°C X 10days

—~ \v\
SE: \/}:\ — A
. Oa——C /..
© 80°C X 5days .§§¥D7:/v
RN no—agin/g =
0 z-fg

-60 -40 -20 0 20 40 60 80
Measurement temperature (°C)

Fig. 22  Temperature characteristics of dielectric loss

tangent
FPEEEDEENHE

ERARERTFIC & BERES RS H D, L L, 2.3.2
TRRLA L) o Fomi3 1 kHz BEORE KT
BENLnwZ s, ZOBERBPXANERTFOEES
BRICE->THNEEZ NS, AAFBFICL S
SRRDOKE 1T (13) RISREN D & ) IKIBERERK
BOBEBTHY, INICE->THEFERED, Fig. 31
RINB LI ICBILTBELEEbNS, Fig 22 DR
b Fig. 3ICIEHIMTEY, FAERTHLLEL
DIRE D ARARERTF 12 & 5B ¢ BRI
L72bDeEZLNE, B, MBORKITLIZ—
BICIEBREWETH BH, SHIREEB2HELEDY,
H5ENIIMHEEML THEBEZR >S5 TSI
B, PRV KELEREERTEELNDZY,
¥72, Fig. 2 0RP»PoRkDEI R EdMbN
%, WtanSNDBEIT L2 » TRIZIRE 2 —ZIFED
CEHIRETH D, OQFKEB LUZFNLIED tan §
3BGIRBHCL > TEDL B, FriZ, —20 ~420°C
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Relation between tané and the number of
days deteriorated at temp. of 80°C
mE A tan SORER

Fig. 23

DEEGETIIHbo#ET LRI Y, tandh K
x ¢ 7 ZEAELED Sz, 30°CLUEICE b L
COBAENBNTLBEITHE, £2T, &HF
DLHALHIEICIE, +20 ~—20°C OEEHNTRIZET 5
DRk B, o5, Fig 23 IZRIEIEEH+20°C &
0°C DFAICDOWT, MEHEHICHT 2 tan SDOBIR

BRDLMTH B55, 0°C DHHBFHALRELEDE
HREL OCCHETHORMENIEE LWL ) TH S,
% 72, RERE O BCRRE DE W T tan SOREREL
B pHEELT, 232 TiELz&I T, RABRTA
N2 AR E® £ T513E, E—7MEN
HICYT7 P LT BEDERBENFH), IET
ADEREH R L 72 1ebTH B LBELTW2Y, 2C
T, BHLIC L > TBRREBFET I L0 6, bt
H a2 BA LR T LA FHOREIE L
Xz, E—I7HMBOAENDY T P RBIERTE
FoEMEH-TbneBbis,

433 IHTBELILFEEFEORREBIFE

FEBUERZ B THELEORBREEIEZ K
72 Fig. 20 122\, 3.3.3 TRRFETHFHFE
Fe, RO FERD Fig. 24 TH Y, HFEER
BIRDOIFERD Fig. 25 TH 5,

Fig. 24 £ 1, esldBikBucst LTEEE L b B
i L, PEHEEROANE T34 2.65 ~ 2.80 FRE
DETH b, FT2es & KRB DOBMRITKRFBALEHR
k) 40 BHIALRENIZ ) R REBUCH LTKRE R
HERTH, ZOhOREE CIEIMEBEENR LT
PALEDBURIZH E D HFET 2\, e5id (14) X0 b
b L2, CotlBROEKICE > TRE DEBD
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ﬁ%ﬂ@ﬁﬁu&téh&w&?b@,ﬂﬂ@%@
KB CTHREEND, ERIERE CHMZERBEED
BINT £ ANE < e B, BB X BRI T
EITH5,

—%, WHEER 13, Bikica L TERRE
LREm R RL, 2o, FRREOBRI, HLH
R ORE THAL A LR ERE i
2. FEEHOKHEE LT3~ 300kHz T, T
FOEERTIEE— 2 2R 20BEIT S EESR
BB, BB, elld (14) R biHb L) I, BERO
9y 225 VR GHFREREREROEMT, i, &

 BoOBBLOEFTHMLIEERLTWS, <

nig, BEROEMC X - TRARETIC & SEIH
SO, 72, REOBFHLDEFTICL-T
WE OBALSILIC & B RiEEE OB ME SRR LT
WBHLDEEZHLND,
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#ﬁﬁmi%ﬁﬁﬂﬂ@%M%%&%%%Tém
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%Eﬁ%éoﬁiﬁﬁu,%ﬁ%ﬁﬁi-mﬁmﬁ
ﬁﬁﬂttfﬁ&ﬁménfwéf%ﬁA%mné
i, KRR T AOBILC KRN BB EROBICLD
%m%m@%ﬁ%mimﬁﬁﬁﬁW&E#%ﬁﬁt
P FOER, KDL I LFALRITE T
(1) AbEREBEIBS(LOET L728 BRI Y <R

Eféobﬁb,%%ﬁuMEEEKQMiﬁ
&Kk%<%§§hé@?,ﬁ%ﬁ%tofu
bR —EIEOVEFD D, ARKTE,
RIEIEE % 60°C L_E 100°C LT MO —EiR
Efysﬁﬁﬁﬁtt&@mﬁﬁ%ﬁ%Th&
2R & B0 B oI BV EBED R
55,

(2) Hﬂwmﬁﬁﬁ%ﬁMTé~omﬁﬁthﬁ
RN BERILE AN F— 2 LFEREES 5K
BRI, RHILRET 47.3kI /mol TH-
totﬁ,%%mﬁﬂ@ﬁﬁmi%»¥—u,%
mmﬁﬁﬁﬁuionLfOk%<&0,ﬁﬂ
DEGERHIEL > T D I EFRD LN,

(3) tanSEEIC & B EEEA MO BEHEDORE
13, ERELTHORENIELLOT, WEK
%ﬁofﬁ&%ﬁﬁ%?%5o$§ﬁﬂﬁﬁ@
BT 4kV UEDEETENNERNLNT, 3
KV DENINEE ¢k 70 ~ 400 Hz ¥ TK
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Fig. 24  Frequency characteristics of relative dieletric loss constant
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5 CRLNIEL ) — RIS W C k, EEE
s 4f 1 ~ 300 kHz ¥ T HnE H 5 & o 1o BIREZ:
o // HBED R SN D Z LR LI 572,
S / / (5) FEFBEAUERCLIBEERDOAEICENT
S af ;459 FHEFHRBEREC L >TRE CBIEL, —20
§ | e st ~120°C DRIFIRE TIRBEIER: & B H 2 &
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Fig. 25  Frequency characteristics of . relative dielectric (% BHRER, ZNHERMINOFERD
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Wb,
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