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Table 1. Change of raw materials for semicon shields in
power cables

Years| Materials/Techniques Characteristics

Cotton tape with carbon
black or graphite
1 — Breakdown by fraying
Nylon tape with carbon
Before black or graphite
1970's 1
Skim tape — Used for PE/XLPE cables
} Loose fiber end
Thermoplastic/thermoset
semicon compounds

Insulation: thermmoplastic

— thermoset
Extrusion methods:
cond shield —insulation

— ins. shield
1970’s| cond. shield/insulation

— ins. shield
cond. shield/ins./ins.
shield

— Dust, contamination,
non-uniform adhesion

. — Triple coextrusion
Too strong adhesion

Deformration resistive shield

Insulation: thermoset
Insu. shield: strippable type
Extrusion: triple coextrusion
Curing: steam cure

— gas cure
Ins. shield: strippable type

— Reduced contamination
— Reduced voids
1980's

—Reduced impurity content

Contamination/impurities:
Revision of
compounding facilities

— Reduced impurity content
— Super-simooth/stuper—-clean
— Improved processability

Reduced impurity content

Strippable ins. shield
Acetylene black
Processability/impurities
Revision of furmace black

1990’s
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Table 2. Typical blacks used for semiconductive shields :
contamination levels

Convelntxona Clean Acetylene Extra-
furnace furnace black conductive
black black - |- 72%% black
Volatile
content 1.0 1.0 0.3 05
@ 9007C, wt%
Particle
Coonnt?g)“?ﬁgf]? 20 <5 <2 <30
screen (ppm)
Joual sulfur | g 75 005 | 0001 | 030
Ash content, . ' -
o 0.3 002 | <001 05
ICP of cations in ash (ppm)
Al 30 3 <1 100
Ca | 300 6 <1 5
Cu <1 <1 <1 <1
Fe 100 20 5 3
Mg 150 3 <1 8
P 3 <1 <1 5
K 50 20 <1 2
Si 180 12 5} 125
Na 6 10 <1 30
Zn 2 <1 <1 <1

22 MI=AZe A4
Al oM 7HE Bol AMEEE 229 kVE AFulA
£ AFAclE F2E 19 17 2] FHANMREE =4

(conductor), E=AaH S (conductor shield I¥ strand
shield), A% (insulation), B2} % (insulation shield),
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Agze ogd vlE oMEe|E (Ethylene Vinyl Acetate ; T Aot

EVA), A2 Zdddd (Low density polyethylene ; HAAZSG Ay e F HEAFS AR Ho] i o

LDPE) v ogd oY ojadwo]E (Ethylene Ethyl 22 g35e B4R Aolrt o mAAHEZS AY

Acrylate;, EEA), EPDM (Ethylene Propylene Diene HAolgo A7 2AAE dAse $2F 98E sl=d),

Terpolymer) 5o 2alBA D2l Tkel AEY 72
By s, e we e Wk 52 £s
of Az@T ool WEAY MRS S4 e 7
2 2ao) FR9 ST nEAe] 4o 2A HSAch

conductor

conductor shield a b

insulation
insulation shield

neutral wire

jacket

Fig 1. Structure of 22.9 kV CN/CV cables

(a) with and (b) without conductive shield

APA o] BoAA HtedFe] A&d2 4 F 72 Y
o)

(1) AAzte] €3} B AL A7) Fdst a3 Fig 2. Electrical field distribution
(2) 4/ A A AFH HA

- A 34 EHAAY] 4 A ol FHF Fagt Qi4E EAAAZI HAFZ &5
- AFEArsNESo) o3k d3} oA € &% (protrusion)?] fF-oltt. ZAAHS HAZF
of E&5o] A& AF o] R Aol HFHo FF
AgA o) B AY HAZ ZHw Hygol W o= Hog HJRANE Yoy o] Mg gy}t FAk
2 A7) wago g gdsjornt T8 uAE HAH of AX wEHoZ Ao} A= HAHHA L HAE =y
2 ek a8 2w EAAA S F5o gE AYH ol ANE GdTg o [3-5] wheta A HolEe] HHAE
Aol AAREZE JelE Aotk [26]. 2olAM & 5 EE Z7M7171 Yt E=AaldEs QA5 Alolo] &
o] EAARHZl Ae Afole dAY ExVF #d3HA Z5o| glojof shy Fsof ok =3 AR F 4
% A A Fo] gle Afole =X EfAAdoE {18} AZre] HAYEE fasfol sted, 7 3o Ao
o FARE7F ETEEES ¢ 5 Utk OgA BAe dte F2) ¢¢ow F3re] delamination I shrink back #4o]
Al im0 g sojof dlp] HAZ #jRom thA] vE doju=d olelgt FollA FEwe] doptd Ao
T ZFo] glojof i Bo] Bl H5s ¢3]shA Z3A Hch Anz ¥ 3
ool E Rz dEFe =AZF/EIE EE HAZ/F4HH of AEA L EAjsle AY P ESES =HHoR

Atolol] AolAt (transition phase)d A&dle] TR AHA Uebyich
AA Eoddn LFuE £ T 5o F550) AH AAZo 9RE 3 e FAAHASFL gRuzAE
AEY A4 THY + A= ABUINS Gutocatalytic  olBhnE Beler 24U ST 2ok ojeld WA
oxidation)& AAZEZHN &AL HAA o F43 35 HEe mAAHEe] 7HA-ok s AVIHNEAS Aot &
A= axrt o (6] =3 DEA Bt S-S 7} A < B8 HEAYA et gE)d (easy strippability)S
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Fig 3. Typical defects and impurities in power cables
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Fig 5. Formation of impurities and its effects on performance
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Table 3. Impurties in removed domestic power cables (ppm)

U =201 A 0122 MR

ol DIXl= HE

e e 999 Mg 4ol 438 wH O AFINE Mg
tAl Zn o] BT ok Tl ABY AT £EES) 3 7
%o] 16000 pormel o2& AFE Uk Sol AHLE Y 24
°2 A AZAT BT BEF F ¥ 100 pom 9
A etk 531 9= A%S) A% Mg Zn ¥ + 4 pom
BE2A T AB Hlslel 953 ok

Element . . o . )
Cables Table 4. Impurity analysis data of commerdial insulation shield
Ca| Fe | Zn | Cu | Mg K Ni eterials
AB4F110107| - | 002 |0.03] 002 . 002]| - - —
‘ Element Domestic | Domestic | Domestic | ¥
B87F2(0162) - | 005 | 003] 001 004 - ment A B c | Foreign
B87S2| - | - |00l | - - 002 - Ti 0.606 1.041 0.956 0.054
Insulation -
caaFl| 07 | - - o2 - | - Ca 103.907 67.919 262.675 8574
C94F1| 2.3 - - 168 | 125 - 047 Mn 1.692 0977 1.907 0.430
CO4F2 (1563 067 - 034|066 | - | 033 Si - - 42617 -
AS4F1|2659 134 - - | 264 | 310 132 Fe 17531 15598 19.1% -
AB5F1:3568 1088, - | - |[403 | - - Pb - - 5564 -
Conductor| BSTF2|240.1 1212 - | 99 3517 - | - Al 69.132 70.817 25118 12.748
shield . 2985 95 - 199 | ¢ _ _
CBAF1| 2985 25 122] #40 Zn 690510 634.861 803.074 6.254
CO4F1| 455 | 222 | - 189 |1291] - |21.2
Cu 0.413 0.278 - 0.348
1CoaF2| 633 | 229 | -~ |165.1.2159.01 - | 188
\% 14688 6.514 2.314 -
[AB4F1(3437| 784 | - | 62 73795) 80.0 | 28.2
— P — Mg 3286816 | 3615.065 14757.212 16715
|ARSF11439.7|1237] - | 24718720 - | -
Insulation| B87F2 288311195 - | 45 |2038| - | - Cr 1.410 1.457 3835 -
shield | Cg4F1 |395.8| 245 |4317.2| 280 | 5012 | - | - K 20379 20,477 - -
CO94F1(2740] 362 | - | 72217618 - | 133 Na 51.195 51.102 74242 42187
CO4F2|22131 380 | - |1744|127290 - | 137 Mo 1.400 0877 7221 | -
- Not detected or less than 0.05 ppm o . i |
p 15515 16529 70.388 2664
D ZAAAEY dAztH S 493 B2 F59 & Ni 7.074 3.586 2552 0.173
o] E =), ok Hlexas g BB e o i
gl 0 I ) s RF EEE THE Y Total = 4282.268 | 4507.098 | 16078.681 | 90.147
Hl*o}ur I g & Aol Uk ‘

) AlH R A EFo) thEE 400 ppm AT o]
owrﬂ Y% siatel A% & A ppmel ol2E Mg A¥ol
74%54715 .

) AAHEY BE BT
lOOOO ppmE ¥ 3l
A gon Ca Na Fe 59 BE4-ER ¥ Holoh

olsh ol ) Acliel WSS, 3 AAT G4
3480 $o) BE Aoz BAOnE ol W) 13

of Ha) T AR Qe WA HEA s 9
Aol i BE BHS AANSYOR 2 Fopt F 4o e}
9k o] BE BW AZIApEE FY

Hlgsh) T e 2 AolE BYl % & ged, LY A%

BREGE FH468 155 1997F 18

Method: ICP-AES, dry ashing/filtering, ~ 1g
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(a) Insulation surface

(b) Insulation shield surface

Fig 6. SEM pictures of contamination at insutation
shield-insulation interface
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Table 5. Degee of cosdirking of sermicon shields in dorestic

ABSF1 3 66.74 385 71.60
ABSS1 38 61.31 41 69.32
A87N1 37 73.74 39 74.49
A87S1 - - 40 75.09
AYOF2 37 35.88 33 42.96
A90S2 34 58.78 39 29.40
BXF1 32 67.08 35 59.43
B90S1 33 66.956 38 58.37
B87F1 35.78 40 39.64
B87S1 35 36.18 39 41.57
B93F1 35 41.77 40 4.7
CB84F1 34 14.00 38 70.9
C85F1 34 20.22 - -
C85F3 34 18.37 38 69.41
C85F5 - - 40 41.73
C87F1 36 55.78 40 39.64
C8751 3H 36.18 39 4157
CY94F1 36 33.58 38 36.23
CY4F2 33 37.79 40 29.3
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Table 6. Volume resistivity at room termperature

F1 18.74 1537
B87 | Nl 79 20.87

s1 18.82 26.4

F3 o 464
BS7 | N3 o 5.16

s3 S 496
Spec. 90T < 10° s S 2585
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