gaiEMRl 2022,55(2) KR REAE 7 P S BEL K 2ok 2 A S O R A B R A 91

5 PR 4 e R S T T 1 T SRR 5

AEE', AANE, FOFE', RBRMA, EIXR' LER?S A Y2
(1. EPIBEPGE oA T, BEvE Pi% 710032; 2. PYIR2E B TRESBE, PO B#Es 610065)

& O S A G K G 2 R OB, o L A 2 R T o SRR SR 2 0P B B AT Ly
OIHT G R A TRV ADL S 56 B 1 BEAS [ AR 23 R P AR LB . IR T G2 2 2 IRV B AL T SRR 2
7K R LI PR S L LA R R R (R . B S R T E AR BT MR T R A Tk 28 v 2 SRR
PERIE B8 T 2812 FELAL 2 R T 2 B 2 e D T AR A . 4 R AR BHK G2 b J2 e T 52 B PR 2 A
K2 kA B A AR R BE BRI B AN A S B ER) , FE B 4 5 8500 T FEL 2 2R 20 L8 o ik 6 32 A7 WL U
B FE R 1 Fe 44 TR B R B K B 2 I KR

REEIA) = RS PR 0P 2 5 FE Ak 22 )5 ik

FESES TM247;TM207  XEKFRERS:A  XEHS:1009-9239(2022)02-0091-06
DOI:10.16790/j.cnki.1009-9239.im.2022.02.013

Electrochemical Corrosion Properties and Failure Analysis of
Water-blocking Buffer Layer in High Voltage Power Cables
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Abstract: In order to study the failure mechanism of water-blocking buffer layer in high voltage power cable,
especially the electrochemical corrosion characteristics, we analyzed the composition of the white powders from
failed cables, and confirmed the production mechanism of different composition in the white powders combining
with theoretical analysis and simulation experiments. The moisture absorption characteristics of the buffer layer
was tested, and the influence of the water content and current density of the buffer layer on its electrochemical
corrosion characteristics was studied. Finally, based on electrochemical impedance spectroscopy, the influence of
electrochemical corrosion on the electrical characteristics of the buffer layer was identified, and the evolution rule
of the buffer layer from electrochemical corrosion to final ablation was determined. The results show that moisture
ingress due to dampness or mechanical damage of the cable sheath causes electrochemical corrosion of the buffer
layer and leads to the generation of white powder (consisting of NaHCO, and Al(OH),) and results in the final
failure of the cable. The corrosion rate is closely related to the current density, while the final corrosion degree
mainly depends on the moisture content of the buffer layer.
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Fig.1 Structural schematic diagram of

water-blocking buffer layer
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Fig.2 White powders on outer and inner surfaces of the

buffer layer of failed cable
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Fig.3 SEM images of the white powder
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Tab.l Energy spectrum result of the white powder
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Tab.2 X-ray diffraction result of the white powder
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Fig.4 Alkalinity test of the water
swellable powder by phenolphthalein
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Fig.5 Formation of the white power on the buffer layer

due to electrochemical corrosion
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Fig.6 Moisture absorption characteristics of

buffer layer at different humidity

3 FEKEHRERE MM

Nk — BB K & v E WROK 5 CELHE E T L
B A B3 A R 2 R K ), 28 2 E AR 2 bk
ANEZ 2 JEE Tl 5] R I B HLER , AT 9 R A 5 FE AT
B 7K RN )2 FL AL S B ko R A S, IR B
A2 B 0 X R B R AE F Ak 2 S Tl 2 v 2
SRR RIS
3.1 ZHERAEEMEE

HL 7 LB AE AN [R] T R s A7 B, ik 22 o 2 11
MR ARRAE . BT B A R, BT &k
H 25 FLAT U R SUEE M RS R L B i R
fiy PR BEL 2 /0N 5 T 7 38 0% 07 B B A L E AR R
Bl DRI, A 0 AT A F I 2 T 2% v 2 FA R
PRV RIS o e Ah, 20 R K A RS



@GR 2022,55(2)

Tt A R

445 L7 e 12 e A 5 M R 3 KT 95

P 25 5 T R 1) B R 3R

K7 REMNEERNFEG KR CBREE T RE
FEL A2 ol ) 1 B AR SR B 45 S, o, (a) ()< (e)
FEA I L HL I 25 N 20 A/m?, (b))~ (d)~ (D) FEAS i it
HL U35 4 200 A/m?. ()~ (b)FEAS SZI6 B 485 it T
AR B, (c)~ (A)BE AR S i 5 B 7E 65% FH T BE 31
55 b AR 2] (R KN 10%) 4 (e)~ (D FEASHE T 5
18 Y 2 S YR 5 FE FELRR X 3R 00 0.5 mL 7K o 7E 2.2 71
H10 AN N S,=2 500 mm? i AE A 4T 5 7 25T
#H N G,=850 mg; LI X I8 A B2 N 25 mm [ 5] B
X 45, H T A S,=490.625 mm?, M| HL A% [X 45 22 3 )2 T
TR Q) Fiw.

G,= G,%(S5,/S,) = 166.8 mg 2

MG AMB K BB BT N 7E B R X 35k P9 K
SE A FEL AN DX 3 PR BEL 7KK IR AL D558 35k 8 7K 2R 4 5
OFR.

AG = 0.5%1x1000/166.8x100% = 300%  (3)

PR, 7E F AR [X 3830 7K 0.5 mL 28 3505 K RN
300%.

M7 R CAE W, 220 2 B K Bk Ry, FLU S
K, G2 2 FLAL A o R . o, AR
JEE X % 1 2 T b o R PR S R B K, 2R 2 AE 20 A/m?
HLVR 25 T R AR #1802 k2R JE ik 1
BT WA K, F PR AL R M A
R
3.2 B ERRITIE MK

HL 4K 2 BE DT 1 2 T 70 R A o TS R ek Y
FB . AT T K 2 1 B A 22 BT
F I8 3ok SO AR AT B K W T K o 6 FLBH P R
PERIRL I o SO0 FE AR A 7K 2R 43 5 30% F 300%
i 25 38 R R AT 5 72 A AR FE R 100% (1 36
Berp 2 W19 2, 5 3 i o R Sk B A K
H1 AR X 3803 I 0.5 mL /K 3R A5 . 8 LAk 52 AR ik
DRI AL 22 BT, 45 U 8 Fras o

M 8 AT LLE H  TEWIAR I ZI, 5 7K 2R 5 R FE A
FLARF F BH 2R BEAR, 43 BT 9L 12% 42 BEL 7KK IR 7K ik 4
KA R, UK 8 %, i AR R, 20 2
(1) B A4 R S L A B R, A R BEL R D o
B A BT 0] PRI 386 0, 2 v 2 1A A B R BH 2608 20 318 K
X A% T LA 2 e AR I AU E AR DL AR
582 O R R IR G ) R A AR B T 4 %
VIR, 7 o5 10 2 1P R R E AR 2 R) 3K T B Al B
Horr, 57K 308 30% B FEARLE A 1L 200 s 724 ik

(bt T, 20 A/m? (b)HET+,200 A/m?

()MET )5 32381 ,20 A/m? ()BT J5 %234, 200 A/m?

(YT )7k, 20 A/m?® (DHEF 7K 200 A/m?
7 REREREEN A E R RS

Fig.7 Influences of humidity and current density on

white powder formation rate
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Fig.8 Electrochemical impedance spectroscopy
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Fig.9 Long-term electrochemical impedance measurement
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