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Abstract: The activation energy of a material is an important factor that significantly affects the lifetime and can be

used to develop a degradation model. In this study, a thermal analysis was carried out to evaluate and collect

quantitative data on the degradation of insulation materials like EPR and CSP used for nuclear power plant cables.

The activation energy was determined from the relationship between log B and 1/T based on the Flynn—Wall-Ozawa

method, by a TGA test. The activation energy was also derived from the relationship between In(t) and 1/T based

on isothermal analysis, by an OIT test. The activation energy of EPR derived from thermal analysis was used to

calculate the accelerated aging time corresponding to the number of years of use, employing the Arrhenius

equation, and determine the elongation corresponding to the accelerated aging time.
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TGA (thermogravimetric analysis), DSC (differential

scanning calorimetry)S o]&3t dEAL =

A7 m2 I w2t HEAZ|HA - YA
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2.2 TGA (thermogravimetric analysis)

2a} oterzo 241 AtERE ob Aol A
2 golut 2YH 2502 AR
| SFYEA7ITCA)E AR

FH G2 Aol dHON 2k Ee AR F4
2 Aro Y ¥ty £25 45t €24 ©
oo}, Eh R=rF WstelHA IVtEE @, AR
SOl Qs 2ol MAls Alate] AYRE &47
A2 4 AL AEY F2 UIHT ARSI TGA 541
< 220 theh fA Wstolng, of2] 2EoA A&
A et gF Ao YR & 9ot [10].

=749 Ao 93t S442 474 FFEL BAY
S #9) zolz 2", =olv AR-EU
ZHret 22 Y 222 duReR W2 2EoA
2. ol 229 MA= VIAIGHA e the
o W2 YHAISEH)AME SEo] THEetE 2
F S0 H2 2= Roz olgdn

BT wA2 ASTM E-1641 7]&o] o2} 7legst
AL, AR dHl= (TA AR Q5000IR)O1H, &&= Hf7t
F204 1,200°Co]a, F|thgF 5,000 mg, = 0.1 pg,
]

27 Aste £0.1%, 24 AU +0.01%2] AGS
71t Al ZdstolvAls Bat b mgd Alg=
100 ml/min®] A4 E9J7]oA 1, 2, 5, 10°C/min2
o2 H%& 50~800°C7HA] 7tgst F5% #A4E
WESGON, FY Zda JAoIA 95%9] AHFgo]
BE(5% conversion level)oAl9] x5 -L5to]
&2 Apof gt dE6l /RIS Al4tstd
. Flynn-Wall Ozawa ¥ [11]o] <J5f &dstoy
AFEst o, log BeF 1,000/T9 #A 1= E
T 712718 A (Dol Tidste] ALtstiaict.

O

Flo wju

A
[

dlogB ( 0.4567

/=g (1)

o71M, T= 47 Agg oA 2=(K)E UE
U, f= 7FE4%=(C/min), R 7]|A|%}4(8.314
J/mol-K), Eax &’/datolqX|(k]/mol, eV/mol)E ¢
L=y

2.3 OIT (oxidative induction time)

APk = AIZHOIT)S Fsks Aystatozy 7ol

o TAELT oE. 2Ye

g 1Z 2ol ofat oAl YAt
erol F42 FYsts WYHoR ARA ofF AN
5 Z(heat flux)g E& st}
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o) AEPAIA o B gl
Ssto] Alsbrt dojuth. ol AJ?}HJ% | dojut
SERERE SR DT SR e
8 A ek,

ABLGEAIZE 542 ASTM E 2070-03 71%0f whet
ZEA5t9 10, AFE AH|=(Perkin Elmer At Diamond
DSC)olt}. xj=e] atoluix s 7o) sl 24 4
Ao 2=oA Aest Al EAlRto]

ZA]3T0] Fols

ﬂll

ZQsict
[13]. dlojElQ] Al & i=o]7] Qoff HEyrg (Ats}t
dk8jo] Uojt &r It YoA 235°C, 237.5°C,

240°C, 242.5°C, 245°C9] 57§0] &% xS AMERstAC},

AAR7| stold Aareslz @AE § Abshu
So] AR WY} 712718 =&AL 5
224Y0] oleh @il

A}
1,000/Te] A 22iZE A& 3 7]87]8 Ha Al
(2)eF Zo] 1xtAle =z JHHs] BT 4 Qloy. dfj=
o] 71&7]1€ me=z FH, Al (3)xf Zo] Foix|n, &
AU AIE ALY 2 . gHg2 HERkgoln &
2 e, AAst ¥ol W So| Yol Agwm
deprgE mard 4 ol

Fa
ln(At) ﬁ,‘i’c (2)
Fa=mX><XR (3)
uhgo] AtElE £ AR ARE A AEHGEA]
o Te HEekgo] dojd AMiR=(K), R 7IASS
(8.314 J/mol'K), Ea= ZAA3IYA] (kJ/mol, eV/mol),

me AHGEAIZIT} WS 719 712712 ofujict,

Tham Al

ky =k X ﬂx N (4)
S AN

orfy e~ Hﬂ%ﬂ% A (AE olgsted, AAl Aol

29| Tl B © AyEo ALEE WY

o|tt. IEC60802 2 A& Auste Fa AR 2w9]

0C2 HgstRT [14], 7Hadstess AF/IS

wedsto] 151°C8 MAsAc)

A, A29¢9 AlS pp. 17-22, 20161 1€: A

A %5 19

ki, k= 2170 151°Cel &/dsto|xlo] 9§t £4
ZE2(90°C)oflA 40d 2BES UEUE= AlRbolH, Ty,
Tre &74stoflux]of st 2=¢} 7H4dst2 =9l 151°C
ojt}. Ky= EXUHARA (8.617X107° eV/K) Zto|ct.

3.1 TGA Z#=3
GE 4T B1E0% 43Y va) U2 pa0e

*ﬂgoﬂﬂi Hlwshe o Feiert =
o A

JE

=79 =7 1 ?I%’é% a9 &
2o 79 zolz AAREY. Folu &, A
ZHret 22 AR 222 duRor W2 2EoA
T W2 FHESHE) M SOl 7H&ety
of AFEMo] H2 2= KOz o|FsHA "t [15].

572 2MAIZ EPRY} CSP A28 5~10 mgo] 0]%f
oz FF 24 29 AYstA 5;?4 249 5 24
AUA] fol 2= AJtof fﬂrEJr et oz Asict
[16]. % Hol 50°Col|lA] 800°C7tAlo|n, &e4n

I 2.5, 10°C/min0] e 537145 Yephict.
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e Zlojch. Es) AlRFeEE oF 200C R4 1
A 27t AR QI 1AL dEs) £7] Q1 200°C
233 J)Eo2 JtaA4 Ao Bl 5% HA
sttt 5% F% wast Yold eEE 2eAw 1,
2, 5, 10°C/minojA Zt 250.9°C, 263.5°C, 283°C,
298.5°C9] HS UERALT

50C EPR

100 4 i~

Weight (%)
4 e @
= 8 8
fatad in

=
=
ire

o
S
i

1T/min ——
2C/min ----

40 | ST/min e i —
1 Locmin —.— L a00C

30 T T it T T T T T T
-200 0 200 400 §00 800 1000
Temperature {°C)

Fig. 1. The weight loss of EPR by rising rate of 1, 2, 5, and
10°C/min.
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Fig. 2. The relationship of the temperature at a 5% weight
loss and heating rate of the EPR.
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Fig. 3. The weight loss of CSP by rising rate of 1, 2, 5, and
10°C/min.

104 =Z&3t EPRO] 5% Fd A7)
4 2=(1/T)t 52 &%(log B)E 1AMACo2 L}
A %*ézwﬂmlh Flynn—Wall Ozawa WO
et Al (1)& o] &35k £9 S 118.6 kJ/mol,
7.81%X10%* eV/molOIO*E}

a4 32 CSP Algo] 2t g 5344 T4
UERH Zlojoh, Bsfer= 200°C BLofA dojwt
7F&A5 RLo] 5% B8-S MElsIC} 5% EF 7‘;
7 dojd &+ S5 1, 2, 5, 10°C/minoflA
193. 8°C 209.5°C, 218.7°C, 233.8°C9] & UERHQICT

21 4= 32 304 £33 CSPO] 5% ZEeAst o
Oﬂﬂf 25(1/T)9 22 &%(log B)S 1AFA1o2 LERKY
ot = *2}0111:17\]‘— Flynn-Wall Ozawawiof 2]t Al (1)
= 0]33 T ke 114.8 kJ/mol, & 7.56X10*
eV/molO]S{iD}. EPR AdAyt CSP m]EAjE 350 ~450°C
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Fig. 4. The relationship of the temperature at a 5% weight
loss and heating rate of the CSP.
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VA AEe AbeleRgo
o] E(hydro peroxide)?] 5-0] A T HAE|HA A
A5l Febrt ZledEn). sto]E g E&AO] B Aoy
K7t 126~147 J/mol2 Yon, JBsijEH 2tz 4
Al A5t miwoll 5ol s dEFT0] LojuA
Atehgt-g-o] Rlsg . ”ﬂwi*l 2 AR 7=
gt A A= dePrt Aleido] et AlRos o]lEgh
o} [17]. &2 22A1Z] EPR# CSP AE-& 5~10 mg9]
0]2Fo 2 DSC (differential scanning calorimetry) 7|

Yol upa] stol=zm LAt

7ol ge & 7o) 2w AEe Melsto] At
ext AslgEAIgIo] A4E P7ioA Aeslgln, 7t

235°C, 237.5°C, 240°C, 242.5°C, 245°Co]tc},

% 12 EPRO] A4 Lm0l TE ASHEEAR 32
Lebdl Zlolct.

O 5% & 1004 ARE I 1,000/T9) 2
S IR 02 Uehfoich EPRY st 52
wao] ofdt A (3)2 olgstdn, =EH e
174.93 kJ/mol &, 1.15%10*" eV/molo]iCt.

EPR AH9] &AstoyA] ¢F2 1.15%10* eV/mol
2 TGA MEolM 5% ol vsh =2 e BA

CF. APSFREAIZES T3] ) Atshurgol ofup]
ARt M ohg W 5, wEukgol dojupy] bt
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=o)X OITZ 75b] §isf @e
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WASHITE CSP 341w EPR Felat 22 WA
OIT 4@e AAYstact
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Table 1. OIT value according to the temperature of EPR.
Temperature OIT
K] (t, min) 1,000/T In(t)
506.3 16.181 1.975 2.784
508.8 13.211 1.965 2.581
511.8 11.29 1.956 2.424
513.8 9.769 1.946 2.279
516.3 6.874 1.937 1.928
Table 2. OIT value according to the temperature of CSP.
Temperature OIT
K] (t, min) 1,000/T In(t)
501.3 30.881 1.995 3.430
506.3 23.972 1.975 3.177
511.3 17.934 1.956 2.887
516.3 14.459 1.937 2.671
521.3 10.721 1.918 2372
g EPR
4
) 2
y =21.044x - 38.76
1
0 1 1 1 1
193 1.94 195 196 197 198
1000/T
Fig. 5. The relationship with oxidative induction time
depending on the temperature of EPR.
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Fig. 6. The relationship with oxidative induction time

depending to the temperature of CSP.
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a7 62 T 2014 AN M9t 1,000/Te] B
2 1RMo2 yehygich. CSPe st 5
2o gt A (3)5 o]&stYi, =E2H
113.9 kJ/mol &, 7.5X10%* eV/molo])C}.
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= 250] ojnRin FH PRI7E Jrisez dxlstel
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Table 3. Equivalent lifetime of EPR at T: : 151°C, Tz : 90°C.

Equivalent lifetime [yr] Accelerated degradation time [hr]

20 614
40 1,228
60 1,843
80 2,457
100 3,072
600 N - 4 - - - - - T - - - EPR
500 |- .____"“————-__, .
% 300 | h
& BT
200 - =
100 + K.‘--
o w20 30 a0 s 6

Tharmal aging [yr]

Fig. 7. Elongation of the EPR material according to the

accelerated thermal degradation.
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© 5782 ALtstitt

1) TGA A& S24=7t Z7Hd4S 253 ol
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7 = ®st =&" EPRY ZAJStoyx] Zh2
118.6 kJ/mol &, 7.81X10* eV/molo]al, CSPe] &
AHatolx]  Ze 1148 kJ/mol, =  7.56X10%

eV/molo|9it}.
2) OIT Aoz Qs =&% EPRC &/dstoHX]
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