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Evaluation of Jacket Compounds for Underground
Distribution Power Cables
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(Jae Hong Han’, Il Keun Song’, Dong Myung Kim’', Jae Bong Lee’, and Chang Soo Jung")

Abstract

In order to replace the jacket material for URD power cables, the 6 kinds of polyethylene
compounds were manufactured and evaluated. The characteristics of the compounds were investigated

by water vapor transmission (WVT) test, thermal and mechanical test. In WVT test, all the poly-

ethylene compounds showed the superior water resistance to conventional PVC. The molecular s-

tructure and density of polyethylene play an important role in WVT. Also, the polyethylene compounds

showed the suitable characteristics in thermal and mechanical test. Especially, the linear polyethylene

compounds showed the superior characteristics to LDPE ones. Due to the fillers in compounds, the

abrasion resistance was decreased and the cut-through resistance was increased. From this study, it can

be considered that the polyethylene compounds may be suitable to jacket material for URD power cables.
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Table 1. Physical properties of base resins.

2e)n 44 Agwy | oee PP NpPE| HDPE
|§X4 (190C, 2.16 kg) | ASTM D1238 | g/10min | 0.3 0.33 11 2.3 0.23 0.21
gx (23T) ASTM D1505 g/cn 0923 | 092 | 0921 | 0921 | 0935 | 0942
& AR E ASTM D638 MPa 189 184 | 20.0 | 207 | 345 34.8
g2 s ASTM D638 % 593 684 836 872 860 865
DSC &84 T 114 112 125 126 128 131
R84 ASTM D790 MPa 254.8 | 266.2 | 4723 | 450.8 | 787 882
A2 8%, Fy Temp. ASTM D746 T <70 | <50 | <-76 | <-70 | <-118 | <-118
Shore D A= ASTM D2240 48 49 49 48 56 60
HO2 aEIFE Al C@sieH8] wtef E 2. 47 AIgE9 2A.

*1 AZGA | E2 e ZdFErnA &A1
A Az g AL HEV}L by
oo} fﬁv}.

B AFgAE 7)E PVC A2 AEE QA
93ty 6%F<e] Zgod (polyethylene) A=
e HAGe=E Azt 5L Hrksra.
E4971e] 242 A AREAM HFAE
7hst7] A% Ao, oleh Ze ATFE T3t
Ao A4 Ayt A AF wAA &Y
FHo] AA F4E Aoz st

o,

m

2. 4 ¥

- =

21 7| x Md & HERE M=

71E9 PVC AA Mg dAT < Jde I
STE syl sk dA el A#Ez
RE F 6% FYdEAS ]1 A (base
resin)Z AAs It A AEREHN ZYEAS

ARG ol fi= AHArlolHAME 7HF o % o] 5}l

g4 Aol §-FIti ¢#x U7 rrﬂ—:“colu}[sa]
2 odede ® 13 2e B4 54& 7
LDPE 2%, LLDPE 2%, MDPE % HDPE 7}7} 1
S AEsEd mdAM @ F e RAAR
LDPE$} LLDPE® A9 fAe 22 & 718 AF
Si=3
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Table 2. Compositions of jacket compounds.

L A } = (pphr)
71 A 4= 100
Akt A 0.5
V& Z A 0.2
| 7R 26 |
G AAE s 2L F 29 Zon
A FA Y FHE ¥IANALY. AxYYL 714
FAE 5D ¢ Jde FAGH &2 (F 125~
135T)4 two-roll millel X F£AE FE3) &84
¥ 7o FFEEH 3B 7] HUAE £A
wat =it Az . AZAE ol TE LS
ZEste 59 WYoR FAAZ B EAE F
UEE 3ol
22 AlE
£ AT PVC A A2 E dAstEE 53
S ddFore £EIEE dAsly, TH EE
HFA LAY 5 de A &4L BR s
Atk webA olel g SA4L Hrler] ete ohg
7 Re AEE NAFA B A=) ds) B
F #ygstgdon, 7]& PVC A Ase EA4S
RIETAS A
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Fig. 1. Dish for water vapor transmission test.
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Table 3. Requirements of jacket materials after

heating.

2T 27
28 43 (100£1T, 120A17H)
AFZ= 28 (%) 85 o]
A& (%) 60 ol
ZtE¥E (130£37C, 1 kg
Hd #wyd (%) 50 o]sf

Aok WFEA BAAd A= ASTM D 33899 €7
Aol ABAAeA, ES) oA FLE A
@3t Method BE H8aATHIZ). ¥ Aol A
5% A% 299 A9e AAHE, 3 mm
e N2 % 110 mm YA d¥oz Hu
stel Mgt UrtEAL B2 E 5008 54

A F FFERE EAS obdst 2e Ag

AFAFA - AEFEA

gd

2)

TH BFAGAHY AdeMe BH FFHo &
B xR ¢olr UCC (Union Carbide Corp.)el Al
AbgetE el mEl AE-S AAEAGHE] #F
AgAd L wedge FHY Zdol 1.9 mm FAE
A2E 5 9 ZAos AW forceR Ao EHT,
universal testerg& Al&35te $HREFE 53 AA
stk Zd-2 254 mmx0.76 mm (¥ olxF)9]
wedgeel™, 456% LEE ZE=E Adsido. 2
Algol M= universal tester®] crosshead £%%

g 10 mm=E HAsATh
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ZEodd ZN Ao g FFUFG AFE
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Fig. 2. WVT of MDPE and HDPE resins.
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Table 4. WVT rate of base resins for jacket
material.

(&$): g/h - m?)

AT 17 2%
LDPE1 0.0068 0.0062
LDPE2 0.0068 0.0064
LLDPE1 0.0053 0.0054
LLDPE2 0.0067 0.0063
MDPE 0.0033 0.0038
HDPE 0.0028 0.0030
E 5 AA% A%ese £37%04.

Table 5. WVT rate of compounds for jacket

material.
(&9 g/h - m?)
A8 12} 22
LDPElc 0.0076 -
LDPE2c 0.0061 -
LLDPElc 0.0063 0.0058
LLDPEZ2c 0.0068 0.0051
MDPEc 0.0030 0.0052
HDPEc 0.0033 0.0034
PVCc 0.0718 0.0742
- not tested
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Table 6. Mechanical remaining value of base resins after air oven aging.

LDPE LLDPE
27 54 w9 MDPE | HDPE
1 2 1 2
Ae AFAE Mpa 18.9 18.4 20.0 20.7 345 34.8
A2 AlgE % 593 684 836 872 860 865
223} 100£1C, 120 hrs
AAAE g % 52 46 102 100 95.6 96.2
g 2heg % 69 70 90 96 86 89
2.24%3} 100:1°C, 168 hrs (FTAE)
AAFE 2& % 74 43.1 108 104 95.5 95.4
A& Hg % 20 19.4 94 90 96.1 96.5
7.3 =E9 stdwd F AA L
Table 7. Mechanical remaining value of compounds after air oven aging.
LDPE LILDPE
7td3t E4 @4 MDPEc | HDPEc | PVCc
1c 2c lc 2c
Fe AFAE Mpa 19.9 19.3 23.1 26.3 40.1 295 15.6
A2 Altg % 577 661 856 912 852 717 292
2 2x3 100=1°C, 120 hrs
4= D& % 83 88 85 87 97 98 93
AEE e % 104 92 97 100 97 84 77
QEBx%3 100£1°C, 168 hrs (FTAE)
APAE & % 82 87 82 78 95 100 91
AgE& ZHe % 106 91 96 98 94 87 )
group)l &3} vEh} = ez dardtHs] by AGesg tdesiA F 2T V1A
A zhgol & 7ol ek hEdl, 120413 A
32 A EM LDPElc?HS A9stis ZE HIALsryl 245
E 62 100CY 2EdA AL Aad 27t Ao mEsgoh £33 16843 AlFAME
120417}, 168417 7t w8a 7l & 7)A2 2Le el #EE R GFUrt olet o] VAR A
=A% Aot o7]o)A] 16847 Mt wst= 2 Hete th2A VA Gl FEEA vetd A
TRow AN Aoty FolH o & A= A o ZAseso] Sol Y& AFUAAIL 23 43
x# BXFx7} M¥g<¢ LLDPE, MDPE H of dd A4S UV Wi Aoz Bt
HDPEE wj$ 5% 7142 2&S vehugie @8 130T, 1ketd] dtFo= A 7t
w A Az DE o E:AHL w9 itk uby AEAIE & 8ol Wk ATk EelM & UE
71 A&EAE = LDPEY ALdE 71dns AMY BRE A7t 8TEALE UFHe Aoz
S AAH ol wl Aok R UEyo el ow, y|AEAg AR Atolo] Aolx
o, Al # A 7}4 %—7}6}7{] g =5 AlAgo] =LA Aol Holx| ekokrh. ole tEWAAL Aol AR
AstE UL} o= we 8£¢4S 2= LDPE/F € 9 S§dd =ZA YgeEFgE HAFE Rolg
2 g gl Asﬁ FBR} ALl FHeks| A Hek LDPE® # Alg9 Zfols &840l wobA A
Ao} Astso] Yeld Aoz sarwci14] B AAEA Eah
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Table 8. Heat deformation of base resins and

compounds.
A& HEHEA (%)

LDPE1 -

LDPE2 -
N LLDPEL 135
ZAFA | LDPE? 127
MDPE 10.1

HDPE 9.0

LDPElc -

LDPEZc

LLDPElc 134
A= LLDPE2c 12.9
MDPEc 10.0

HDPECc 9.5

PVCc 8.2

-: not tested

E 9. 71AFAS AAese yriey

Table 9. Abrasion resistance of base resins and

compounds.
AR ‘41‘:’}_“1/‘3 (mg/SOO— rev)
13 23]
LDPE1 19.3 18.6
LDPE2 14.1 14.0
_ LLDPE1 77 10.7
1A A
LLDPE2 12.5 115
MDPE 104 10.2
HDPE 11.3 14.2
LDPElc 355 42.0
LDPEZ2c 41.7 44.0
LLDPElc 29.5 22.4
9= | LLDPE2c 27.3 18.8
MDPEc 27.0 17.9
HDPEc 26.1 24.8
PVCe 101.0 1154
33 7IHd EM
E 9= ZNAFAYg A did] uelxny
AEg A et meA RAgX= ZAH
A zEXQ LLDPE, MDPE % HDPEE $F
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Table 10. Cut-through resistance of base resins

and compounds.

A& g (N)

LDPE1 416

LDPE2 396

LLDPE1 454

71454

LLDPE?2 40.2

MDPE 61.2

HDPE 61.1

LDFElc 46.9

LDPE2c 49.0

LLDPElc 50.1

Angs LLDPE2c 447

MDPEc 80.6

HDPEc 95.3

PVCc 436
3 vl Agde mgou, LDPES A%odE da
2 F%ado] etk £33 HAuesst I AS
ARt e FTEAS el e, ol &
A M7l wel A8 ZWol AHAAHA v
o] Zvisle] wAE Ao FHaHu 1€ PVC
Ao =ole HudAe EYdEN AL =7
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