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ABSTRACT 

The integrity of the PILC cables used in the underground 

distribution system depends on the condition of its paper 

insulation and lead sheath. These cables are currently 

exceeding their predicted service lifetime and continue to 

operate under normal conditions (low load). However the 

DNO’s wonder if their actual condition and their ageing 

remain acceptable since they still constitute a significant 

part of the network.  

MV PILC cables installed in the network of the Belgian 

DNO’s and not-used PILC cables stored at Laborelec 

were characterized to assess the condition of the lead. It 

appeared that the condition and the ageing of the lead 

sheaths remained acceptable.The evolution of the grain 

size with the cable age showed that the end of life of the 

lead sheath will be reached in a quite long time with 

respect to the cable age. The application of such a 

replacement criterion for this kind of cable is strongly 

aimed by the DNO’s for better asset management.  

INTRODUCTION 

Paper Insulated Lead Covered (PILC) power cable 

remains an important part of electrical distribution 

systems. The integrity of the PILC cables used in the 

underground distribution system depends on the 

condition of its paper insulation and lead sheath [1]. The 

normal life of a lead sheath should be approximately 40 

years under normal operating conditions depending on 

the lead alloy used [2]. However, some of these cables 

are in service for 50 to 60 years and continue to operate 

under normal conditions (low load). Questions raised 

about their current condition and their ageing. 

 

The integrity of the lead sheath is indeed critical to the 

condition of MV PILC cables. Damages on the lead 

sheath occur in the form of cracks or surface deterioration 

(abrasion and corrosion). Once the lead sheath is cracked, 

moisture from the surrounding underground environment 

invariably penetrates into the oil-paper insulation, 

degrading its dielectric strength and subsequently leading 

to cable failure. If the condition of the lead sheath can be 

evaluated before cracks occur, then measures can be 

taken to avoid such failures.  
 
The condition of the lead sheath from installed MV PILC 

cables coming from the Belgian DNO’s (Eandis, Ores 

and Sibelga), and from not-used PILC cables stored at 

Laborelec was investigated.  

CHARACTERIZATION OF THE LEAD 

SHEATH 

Around 20 cables were tested. The characterization was 

mainly focused on the following topics: 

 

Chemical composition: It is known that some alloying 

elements added to the lead can inhibit the grain growth 

related to the ageing of the lead.  

 

Microstructure examination: High purity lead is known to 

endure grain growth at room temperature [3]. When the 

grain size reaches the sheath thickness, cracking can 

occur, promoting water penetration in the cable [4]. 

 

Identification of corrosion products: Numerous chemical 

compounds are present in soils, but the ones that play an 

important role in corrosion are those soluble in water. 

RESULTS 

Chemical composition 

 

Lead is commonly alloyed with other elements to 

improve the physical, mechanical, or electrochemical 

properties. Among all the alloying elements, several were 

considered for cable sheathing applications. The different 

alloys used in electrical cable sheaths and sleeves are 

listed in the EN 50307:2002 standard.  

 

The influence of some alloying elements on the lead 

properties is described here below:  

Arsenic (As) is generally added together other elements 

to provide the resistance to bending and creep needed in 

cable sheathing exposed to severe vibration. 

Bismuth (Bi) has a slight grain-refining action. 

Copper (Cu): Alloys containing Cu have a superior 

mechanical strength due to grain growth inhibition and 

higher corrosion resistance than pure lead.  

 

The analysis of trace elements present in the lead sheath 

was performed using inductively coupled plasma atomic 

emission spectroscopy (ICP-AES). The results are shown 
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in Table 1. It appeared that most of the cable sheaths are 

composed of high purity lead which is the most sensitive 

to grain growth. 
Table 1: Detection by ICP-AES of trace elements in the lead sheath. Pb is the remainder. 

Year of 

prod. 

Elements – Concentration [wt.%] 

 Sb Sn As Ca Bi Ni Zn Ag Fe Cu Al Cd Pb 

1965 <0.0005 <0.0005 0.0072 0.0022 0.0084 <0.0005 <0.0005 0.0011 0.0013 <0.0025 0.0028 <0.0005 Rem. 

1970 <0.0005 <0.0005 0.0056 0.0021 0.0057 <0.0005 <0.0005 0.0007 0.0011 <0.0025 0.0025 <0.0005 Rem. 

1997 <0.0005 <0.0005 0.0068 0.0022 0.0086 <0.0005 <0.0005 0.0013 0.0010 <0.0025 0.0024 <0.0005 Rem. 

1998 <0.0005 <0.0005 0.0067 0.0022 0.0068 <0.0005 <0.0005 0.0029 0.0011 <0.0025 0.0023 <0.0005 Rem. 

1999 <0.0005 <0.0005 0.0066 0.0035 0.0076 <0.0005 <0.0005 0.0016 0.0012 <0.0025 0.0023 <0.0005 Rem. 

2000 <0.0005 <0.0005 0.0066 0.0022 0.0056 <0.0005 <0.0005 0.0014 0.0011 0.0320 0.0025 <0.0005 Rem. 

Unknown <0.0005 <0.0005 0.0065 0.0031 0.0094 <0.0005 <0.0005 0.0012 0.0012 <0.0025 0.0026 <0.0005 Rem. 

 

Microstructure examination 

 

Since lead has a low melting point (around 327 °C), lead 

based alloys can recover and recrystallize at room 

temperature, while high purity lead may be subjected to 

grain growth at 25°C. Grain growth can play influence 

intergranular corrosion, which causes significant loss in 

mechanical properties and impact the sheath integrity 

when the grain size becomes comparable to the sheath 

thickness. 

 

Metallographic examinations with an optical microscope 

were performed on cuts of the lead sheaths in order to 

measure the grain size. For each cut, the number of grains 

present in a defined area was counted, similarly to the 

“Planimetric” method described in the ASTM E112 

standard. From this measurement, the average 

characteristic dimension of the grain was calculated 

based on the assumption that a grain has a regular 

hexagonal shape. The largest grains were also measured. 

 

An example of microstructure examination in the length 

and on a cross-section of a sheath is shown in Figure 1. 

The applied stitching method allows the investigation 

large representative areas. Results of the microstructure 

examination of several lead sheaths are presented in 

Table 2. The ratio between the average grain size and the 

measured sheath thickness shows that the cables are still 

in good condition. 

The evolution of the average grain size with the cable age 

is displayed in Figure 2. From the fitting equation, it 

appears that the time necessary to reach the sheath end of 

life, i.e. the grain size becomes equal to the sheath 

thickness, remains quite long compared to the cable age 

(>100 years). 

 

 

Figure 1: Microstructure examination of the lead sheath of 

MV PILC cable (Manufacturer Unknown, year of 

production 1965) in the length and in a cross-section. 

 
Figure 2: Evolution of the average grain size in function of 

the cable age for MV PILC cables. 
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Table 2: Results of the microstructure examination of lead sheaths of MV PILC cables. 

Manufacturer Year of 

production 

Measured 

thickness(1) 

[mm] 

Maximum grain size(2) [mm] Average grain size(3) [mm] Ratio(4) [%] 

Longitudinal cut Transversal 

cut 

Longitudinal 

cut 

Transversal 

cut 

Max. Average 

Unknown 1960 3.0 2.17 1.60 1.47 0.70 42 20 

Unknown 1965 2.1 3.27 1.53 1.25 0.61 73 29 

Unknown 1970 2.5 2.92 1.34 1.14 0.72 54 29 

Unknown 1976 2.5 2.46 1.10 0.92 0.60 44 24 

Alcatel 1997 2.5 1.90 1.10 0.62 0.42 44 17 

Poland 2000 2.5 1.53 1.21 0.49 0.48 48 19 

(1)Measured according to HD 605 standard; (2) Average on the 10 biggest grains; (3) Average calculated from the counted grain density; (4) Maximum 

or Average grain size on a transversal cut/measured thickness. 

 

Identification of corrosion products 

 

Lead has an excellent record of service in underground 

environment. However the physical (air and water 

permeability) and chemical (composition) properties of 

soils will influence the potential corrosive effect. It has 

been reported that base-forming elements, such as Na, K, 

Ca and Mg, and the acid-forming groups, such as 

carbonate, bicarbonate, chloride, nitrate, and sulfated, can 

influence the progress of corrosion [5]. 

 

The corrosion resistance of Pb sheathing depends on the 

presence of chemicals contributing to passive film 

formation. For example silicate and carbonate ions exert 

a marked inhibitive influence and nitrates can attack lead.  

In general, the average corrosion rated of lead in most 

soils is low and ranging from 2.5 to 10 µm per year [6]. 

However lead alloys might suffer from stray current 

effects due to street railways and can corrode rapidly in 

soils (Figure 3). In this case the depth of pitting is often a 

more important measure. 

 

 
Figure 3: Example of lead sheath corroded due to the 

presence of stray currents. 

X-ray diffraction was used for the identification of 

corrosion products formed on the lead sheath (Figure 4). 

In this case, lead sulphate carbonate is present on the 

sheath. Lead sulphate and carbonate contribute to the 

passive film formation on the sheath. Most of the time 

lead carbonate was found as corrosion product. 

 

 
Figure 4: Example of a X-ray diffractogram taken on 

corrosion products collected on a lead sheath. 

CONCLUSIONS 

The condition of the lead sheath from installed MV PILC 

cables coming from the Belgian DNO’s and from not-

used PILC cables stored at Laborelec was analyzed by 

means of laboratory tests. The identification of the lead 

alloys showed the lead sheath of PILC cables is in most 

of the case made of high purity lead, which is the most 

sensitive to ageing.  

 

Analysis of the lead microstructure was performed in the 

length and on cross-section of the sheaths. Average grain 

size was estimated from the grain density. The results, 

obtained on aged cables, show that the grain size in the 

cross-section remains acceptable compared to the sheath 

thickness. Moreover the grain size plotted in function of 

the cable age showed that the time necessary for the 

grains to reach the sheath thickness will be quite long 

although the sheaths are made of high purity lead. This 

model will become more accurate thanks to the 

characterization of other cables coming from the Belgian 

DNO’s.  

 

Identification of corrosion products present on the 

sheaths was made by XRD techniques. Corrosion 

products forming a protecting film were most of the time 

identified. Corrosion by pitting, especially in the presence 

of stray currents, can also lead to the failure of the sheath. 
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The ageing status of the lead sheath of MV PILC cables 

was evaluated in the present study by analyzing the 

control of the chemical composition, examination of the 

microstructure and the progress of the corrosion. The 

evaluation of the grain growth of the lead enables the 

application of a replacement criterion for this kind of 

cables. This is strongly aimed by the DNO’s for better 

asset management.  
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