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Thermal Deterioration of Natural Rubber Insulating
Material and its Evaluation
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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 “tané”) 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, tané was increased as the material was deteriorated, and it was
observed that there was a good correlation between tan § 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 ay and b1 on
equation (15)
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Measurement
temperature (°C) . b
60 2.07 89.7
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42 tandEREICL 3 FEEEDRIE & H1LFFH

421 HEEEONEEHHE
Fig. 17 3RFHLR I 80°C T 40 B HLnHEH

DT, tanSEEFHWRBBIC 1 ~5kV 2T

EEEZHMLROFEEILERE (tand) 2RE LR
MRETHD, 270, EEDRIEEIIFEREIRICE
W70 Hz AR L Y &\ 400 Hz o 2 D
BIDVWTEELLZERERT, SNEYVRDEH
TefEmP R LD,
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100 80 60 40
1000 T y .
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< 20f
[
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2.6 2.8 3.0 3.2
Reciprocal absolute temperature
1/T (x1072/°K)

Relation between CL amounts and the recip-
rocal absolute temperature

HITBEDB B EEREE DR

Fig. 16

O MEENRE MK LT tan §i38 M3 2 EHm 2
SREAS, FoMEmNE 3kV TIIL, 3kV BEZ
BrR&ELH B, @3kV FTHOHMEETIE, B
¥ 70 Hz TRIZE L72RBILRCTHILEED tan
&, 400 Hz THIZE L72KRBLEBD tan 6121312 H
Ui %2R L722%, 400 Hz THIE L 72 B Lkl tan §
BELENMEERRLZ, @ 3 kV 22 ENNER
T3, KB & HIEERE T tan SO BEIMERICE
WEIRT, BLRE CIIBMEIARRELS LB, £
DfEmEIE 3 kV LEid» 6 oEFErAL NS, —F,
FHILRBITIE 3 ~ 4 KV TABICHEML 4, 5 kV
TIREETIZIZRLEZ L 5, @4, 5 kV DEIE
TIFRBILEEHT BT L BIEBIKEDE W IEHN,
FALaREL L FFRIC 400 Hz TRIE E 7z tan SDF D
70 Hz TRIZEI N2 ZFN LD FEW,

INLDERMFHENLIERELT, XNDXHI XTI
EhEZLNDL, OHMEENE L UIEROR
NEHRAREINT 2725, tan§i3—RicEMT 5, @
HEAVRERICBNTEHORESREL 2. FRIC
ERBAIE—RT vV RAEREREHIENFITRLT
NIBEDE, HEWIETNLIEROMAE—TIEE
BLERLNEEREDLWEIERT y VTOER
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Table 2 The activation energies of each specimen
ERMICB T ERET AL F—
Deterioration condition Activation energy
of specimen (kJ/mol)
no-aging 47.3
80°Cx5 days - 49.2
. 80°Cx10 days 50.0
80°Cx 20 days 54.4
80°C x40 days 58.0

5.0
@ 4000z Specimen exposed to
3.0+ s T0Hz 80°C X 40days
o 400Hz ) No-aging o ¥
2.0 o 70Hz specimen _
X
/ [ '3
0
5 1.0 C . o / /
- - Q— a
o™ 5
0.5F
0.3 1 2 3 4 5
Applied voltage (kV)
Fig. 17  Voltage characteristics of dielectric loss tan-

gent measured by tané device

tan CEEICE IFEEEOE i

NDEFHIFFEIY, 20 FREINE DTV, EBR
ROBEIL D, RHBIEED 4, 5 kV THOREIETIT,
CORERDKRIGHFRIZEHECHEN DN EERZ S
n, SRR TOMIREBEICL S LD LIZE 2 HW,
FIT, AREBRTHERHLUIEMRTIZI 3KV LITOR
MBETHZEL: tan§ 2R TI2OHBYUTH B &
EZoHNb, LrL, HIEEEHCB W TIZETMEES
4, 5kV TtanéPBMLTEY), RERICERHLL
FIR T LRI TR Z DREE BB TRENENIZER
SREFRELITELHEINS, @BLRHRC
BT 400 Hz OB THIZE L7z tan 6% 70 Hz T
HIEL2ZN IV RKEW-EHRE LT, BEErs
{ZeolzZ it N BESMICE DS FEEI WM
LiclebBbhs, RBIABTREERDED

RERERTEWERAHEHRE RIIS-RR-91 -

2.0
080°C X 40days
o80°C X 20days
v80°C X 10days
1.0k 480°C X 5days
~ - Y] eno-aging o—
X I /0_:;8/'3_-
N} I o
_%,._;-_:1;929_—2 ¢—0—
w0 o / V"’v
= A / A
L /
A/
0.3 ¥
0.2 et tend. . L
40 70 100 200 300 500
Frequency (Hz)
Fig. 18 Frequency characteristics of dielectric loss

tangent measured by tané device

tan 6FERBIC L D FEEEOE B LSS

1.

(%)

tand
L)

0. 3L ! - y

) 5 10 20 40
The number of days heated at temperature
of 80°C (days)

Fig. 19  Relation between tané and the number of

days deteriorated at temperature of 80°C
(log-log scale)
tan 6FEIZ & 2 N# A KL tan SORAMR

BN > BEHIZOWTIZRD 4.2.2 TRET 5,
422 BFEEZEORFHESH

Fig. 18 3ARBIRUIEZHRARHZDWT, EImN
EE 3 kV CHEE % 40 ~ 400 Hz F TEZ %
BAOFEILESE (tand) 2RIELHRTH 2, AR &
D 70 Hz LI LD EIREKIZOWT, KD & 5 Leffms
AHoNb, QBRI tan SRk O®M & 4Lz
FITERO 2B IMEm E R T2, RBAEEBOEN
FFEAEERET, 2o, BILRBOMED &
TRELH0.65%TH b, QFHLABOAICER TR
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10. 0
5. 0: The number of days heated at temperature of 80°C for
3. 0F 40days
- 20days AR
s R —
= S e
/ /T/V/ .
w 1.0 P st /e .
it — —7 no-aging
= 0.5f ”7&// / //./ ddays
- fbv
0.3r
s
0 PR T 1 Il PR 1 : PUST 1 1 VI | I TR | 1 L L,
30 50 100 300500 1k 3 5 10 30 50 100 300500 1M 3 5

Frequency (Hz)

Fig. 20
FSEFBAEHICL 3FBEEOR RS

Table 3 The values of constants ao and b2 on
equation (16)

(16) RICH 1T 2 EBaz, boDfE

Frequency az ba
400Hz 0.258 0.346
70Hz 0.183 0.327

(¥, B ETFT LTV EEREHIE tan sk E v,

INHDEAMFENLEEB & LT3R~
£I1, FEISMICL ABFREOBEM, HILHHELT
L7z Ik 2IRNERBOOEML EHREZ 6N
5, 72, RECRBTRBIAE LY D tans77K
ECRABEKICIAENBRONEERE LT, K
DESIHIEFEZLND, RBILRBDEEICY
oo, BEICELNILINVIBET NI —NVTR
&H - 72721 TP conditioning 24T > T ez
%, MBSLEYIERIC A NS HRNES D b Dk
DERIC L B BERAIMERE (tan SRMEIFIENE) O
EHXRENTw RN E, 3512, SNHEXRICK

LHEBEFTLADTORENRICLBERLIY LK
&z, 70 ~ 400 Hz BE O REHELTITE W
RN -7 BbLs,

T 72, BEBERHCOWTII B ET LBk E
tan 65K & K e HERFIRNL T 50T, MEBEK
WX 3 tan SDBHRZRD T A2, FDRERIT Fig.
19 DEBOBEY) ThH 5, FRIIBBORE LFHE

Frequency characteristics of dielectric loss tangent measured by dielectric loss measurement device

EBROBBRERTINTHY), ZoMEmERKFD
RO &SI L 72384E, MEHE XICxd 525
EIEHE tanSDOBABRR & LT (16) A» /LN S, &
DRDEK ag, boDMlilE, Table 3 IZ/RTEY), 400
Hz OFADH IHELIERD B as bk & <, B
DHALIRE DE W EZRFEICRT, T & ) H{ba b
DIHITEEARERL ) SCEAEKCHELESL
BMELLAFPEMTHL LB bNS,

tané = bo X *2 (16)
43 BEABAEBICLIIFEIENDATE S
B
43.1 BEEEZEORBEISE

Fig. 20 (IRBIR I EZEHBLHEBHZOWT, BER
E#% 20°C i2ffkb, BIROREFEE % 30 Hz ~ 3 MHz

TE /L ENFELE (tand) ZRIELR
BRTH B, B HRD &S ZelEm & BB S
b, QFRE L L FEROBINT tan 78T 5
BRERT. S ULERROBIIC &> CHEIBmIC
S BERGHEM LI eEL NS, QEER
BBAH 1 ~ 300 kHz OFE T, FHIKUESBIR
BIORICE DI, HIDET L72REHT Y tan §dF
K& BERPROLNE, 22T, BoHik
B2 5 i1cid R o B, i< 10 ~ 100
kHz DR W,

Fig. 21 (3 #hs 330 Hz, 1 kHz, 10 kHz KU*
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Frequency 100kHz

(%
a]

tand

0. 5—02__________,0:_:_—_":———0

| 1 L
0.4 5 10 20 40

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)

BEFANERICL 3MBABE tan SO

Fig. 21

100 kHz DFAIC DT, MBEBE KT 3 tanb%
7ay LD TH B, HPFDERITEREZ #
ATZLDTHBH, 5~ 20 B TIIEFHICH ML
40 H TR ZNDEHROER F L) —RICHWEICH

D, BAFZOHHTEICIEINDE LI IREZ L
Nay, BEEZHMLUAEONSE K E tanSDME
1% (Fig. 19) #, EFCELLAL LI, TOBME
% —SERRCHEL L TH 2B Fig. 21 05§
Thd, COEMRI (16) REFFRICRT I LN TE,
ZDER ag, byld Table 4 DBEY Th %, HENE
ELERT aaDEI B D KEWEAY, BRENFHL
BEDEVWEZRIPEICRTILICR S, I3
F#ELH 10 kHz fHETH 5,

432 BHEEEDERENHE

Fig. 22 BRFIORVPZBIABHTOWT, BIE
DRFEH 1 kHz iI2BT % tan SDEERME# —60 ~
+80°C DHEHTHZE L72HERTH S, AKLY, &
B tan Sl3 K E LIREREEELZRL, —60°C T
BIEEITNI4ERZ LY, —40 ~—30°CAHETHRK
fi% L >z bHWEPSL, +20 ~4+40°C fFET
—60°C TOMEL ) RELMETHAMER L 272D bE
UHEER % R,

&) AR, RCLELEBRRTWE &)
I2, ZESRIC L 2FBEOENPERTH 505, F
EoEEPELAERICIZ23.1TEIELA L) IC, HE
HTHDORFRA XAV OBEICL>TEL 20 F5k

EELZEWMEAIIFEHRE RIIS-RR-91

Table 4 The values of constant a2 and b2 on
equation (16)
(16) Ric &1 3 ERa2, b2DIE
Frequency ag ba
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\D

X1, 0k \A\ - -5

o }Q\\;“/;;jf/ﬂ
° 80°C X 5days " A//i

S 0.5+ no—agiﬁg ’ =
0.2 g

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

Fig. 22  Temperature characteristics of dielectric loss

tangent
FPEEEDEERE

ERARBRTFIC & BEEAI RS H D, LrL, 2.3.2
Tl & ) icaFoikiz 1 kHz BEDOE KK TIZ
BN nwZ s, OB KARERTFDEING
izt - THNEEZ LN, KAPBTFICTLS
SEROKE 21T (13) RISREN 5 & ) ITRERREIEK
BOBRKTHY, Thick > THFBEERES, Fig. 31
REIND LI IRENTBEEbLNS, Fig. 22 DiER
b Fig. 3ICIEHIMUTBY, ARRTHLNLENL
DEE D RARRET I & AR THEEI BN
LiebneEZbN2, kB, MBORKITLIEZ—
RIS IZEREWETH BH, CHICEBERLRY,
H5VIIMHE ML THEBEZR >RSI
&, phOKELEREERTEEbNEY,
*7:, Fig 20EEP RN EI LI L BHLN
5, Qtan NP ZEIC B 72> TRIZEE 2 —FIfFD
CEHFBVETH L, OBKESB LUZNLED tan
BEHbREcL > TEDb B, FriZ, —20 ~420°C
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3.0

2.0k Measurement temp. 0°C

©
o)

1.0 +20°C

tand (%)

0.5

1 { i |
no-aging 10 20 30 40
The number of days heated at temperature
of 80°C (days)

Relation between tané and the number of
days deteriorated at temp. of 80°C
MEEEE tan ORISR

Fig. 23

DWERHEATIIBILOEIT LRI Y, tanépk
& < = AHAMENTED Sz, 30°C LIEicZh 3 &
CORERRANTL B L5 TH B, 22T, Bk

DHALHEIZIE, +20 ~~20°C DM THET 5
VEND B, %8B, Fig. 23 (3RIFIREH+20°C &
0°C DFAIITDWT, MBEBICXT 5 tan 60 %
2RDIKTH S5, 0°C DFLEBALRE D&
HREL CCCHETHRZENILEE LWL TH B,
F7z, AEEOBIEEDE T tan S0 IBEE S
B bEHRHELT, 232 TRELALI 2, RkTA
IR 2MERINEE £ TRIEY, E—27MED
BT LT BEDERBEI DY, Thiza
LADBREHBER 1272 TH D EBELTw2Y, 22
T, BB L > TBEEBIECZ L2 5, b
Ble M2 54 LRI T A5 F 0B L
CERLY, E—IMBENEHENDY T b RWERTHE
Bomhrb-bnrBbhs,

433 B ERLILLHEEZOEZERSNE

FRBEERZ A CHEEERE ORISR
®7z Fig. 20 122\, 3.3.3 TR HETHHE
Fe, 2 RKOAERH Fig. 24 TH ), HFEHEE
2RO IHERD Fig. 25 Th 5,

Fig. 24 XV, e 3B L TERR & b B
W L, BEHBEEROMNE T3 2.65 ~ 2.80 BEE
DIETH b, Fices L ZHBIOBMRIZ R BLRE
&0 40 HHALEB DT ) SRR LT KR E 7%
BZ2RT A, 2Dt REE CRABEESR ST
FALLDBMRIZH F D BHEET RV, el (14) X225
B2 L9510, CoBROBKIZL>THRE VR D
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BUHEORFICELEINLWETH), BEROBE
BE CTREEIN G, EBRIERIT OWRAERBEN
BimTENEL B, BB L BEMLIT W
£9TH 5,

—%, hFEER]E, ARk L TERE L
bBIMERmERL, 2o, ZFRBMEOBERIE, H5H
BEROBHTH»ET LRI ERELMEIC Y
b5, BkENHEHHE & LTz 3 ~300kHz T, Tl
LOREKRTIIE—7 2B R0 bR T A EHEPR
Lbid, &8, el (14) R of@b Lo, Ao
28R GHFRERERENOEMT, 2, &

- BOBEANEITTHEMLL2ZEERL TS, &

i3, BEBOBIMC & > TRARETIC & 2 B
SRROBIMY, F72, RABOBFMDETITE-T
YR OBEALBIIC & 2 REERNBMENER LT
WHbDEEZ LN,

5. ®# &

R IC & AR R 0SB IE LR T 5 1
(3, MR B ISR FEHEEZH LMY 5
VEFED DL, AERTIE, HWiEARER - RO
Bitete LCHRAFHIN TR AIRRTLAZIDZ
i, RRTLDHICKENLHECROBUTL S
BALHILOEF 2 L2 R BRI L E A SBEL
720 TORER, KDL LML PITR 572,
(1) fLERABIIEHSG 8T LRERHIE 2K

35, LaL, BBRUEERERVRIZES
BIoKRESBEINLIOT, BEICE-TIZ
NGB —FEIREOREFD D, RALTI,
HERE % 60°C LIE 100°C LT M O—E R
BT, 5 0B8R BoMMEZ AT,
LK E L $ B KoM B WHEE TS
Hb,

(2) M oOmBFHLET 52— 2D EEE LTHE
A-INBIF L AN F— 2 LEREE, HK
DHIAERIL, KFHMHET 47.3kJ/mol TH -
720 B, EH R OBHALIANT T, &
{LDEATREIC L > THLTFORECLD, #8
DitBFMHEL oo T\ b I EVRD LT,

(3) tanbEEIC X 2 EBEMMFNFEERDREE
iz, EMEALTCHIKRESELLDT, RIEIZ
Lo TREBIVETH b, REED BRIEG
BT 4kVUENBETENDFENLNT, 3
KV OEMNEE TRk % 70 ~ 400 Hz T
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Relative dielectric constant

1

BT EWMEEHRYE RIIS-RR-91
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no-aging G "~ =
o T~ =
o =~
a
0 100 1k 10k 100k iM 10M
Measurement frequency (Hz)
Fig. 24  Frequency characteristics of relative dieletric loss constant
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Fig. 25  Frequency characteristics of relative dielectric
loss factor
LR EIRE O R R

(4)

LR THBEEEL2RE L2, Z0ERITFHL
SR THE LR L MEE B DRIC B \WEE
HrfREs N2, ZOMEHEIZEREIEWIZE R
ECHENADT, HILHEIIEEEEETD
BIEPREHTH S, T2, RHLLRBOERE»
LBEERIRRPICETNIAFEOEN

K& L, FHLHZEICY2 > THE D> 5 DARGD
REDHLWITHIEHIVERETHLZ L ERRLT
V5,

FEFEBER L 2EREETRIEES 30 Hz
~ 3 MHz T AHEHICELLIELGEED
HETEOBIEIZ, tanbEEIC L 28B4 LERE
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%, 400 Hz LT OREE CIIRFB/ILR U HL
SR I BIRE 2 £ RN {, D, tan SEE
THRLNIE L ) —RITAI W L, B
1 ~ 300 kHz DFiH TS E % & R i gL
MBI BLNE I ER EXH LI 572,
FERBHZEBICLIFELBEOBFEICBNT
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~420°C DRFEEE CIIFEERE LB H KL
DRICHERIE D H 2 2 E DR L DI -7,
tan 63EE L FEMRBRESRIC L 2FELEEOW
ET, BILPEITLLBRHZ Y FELHEIKE
e BRER 2/, INIFEBRHAOFHERD
BEMERTIDTH L, THREREE LTEAR
SRERRIEYE TH 2RI T LH5, LSS
Lo TEREWEIC: > T 5130, MEYLE
2 & - TERALEERB DRI N T T L5 FEHNEE
BREE ML, RAPRRTFOEINS RIS
WinL7z7-HrEZ 613,
TR BRI EE TOFERIIIZT 2.65 ~ 2.80
T, BEENOWMMCENT EEDEREZRT
W, BHIC I ABUILEZ ) TH 5B,
WHEHEBEIFELEOELE IO THEY,
FRER L AMRICHLFERELHMERLLT
ERTE 5,
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