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The Effect of Various Elements on Grain Growth of
Lead for Cable Sheathing

By Kenkichi Yamaji and Yoshiaki Ohata
Hitachi Electric Wire and Cable Works, Hitachi, Ltd.

Abstract

The addition of some elements to pure lead results in a certain degree of
grain refinement, producing fine-size grains. It may be said that, all other
factors being equal, over a wide range of sizes, the smaller the grain-size of
the material under stress the poorer its creep resistance, but the greater its
ductility as indicated by its extension to failure. Notwithstanding, a fine, even
grain size 1s considered desirable in general to ensure the adequate ductility and
resistance to fatigue of the lead sheath. As the extrusion temperature of most
cable presses ranges from 200 to 250°C, the lead grain is liable to start growing
during extrusion process, with consequent loss in ductility. For this reason,
control of extrusion temperature is very important for the manufacture of lead
and its alloy if a better lead sheath is to be obtained.

The writers studied the effect of the addition of small amount of such
common elements as Sn, Sb, As, Ca and Cu, on the growth of its grain at 150,
200 and 250°C. The results of the experiments are as summarized below :

(1) From the process of grain growth of lead and its alloys the mean dia-
meter of grain, D, was found to follow the relationship D=A¢", where A
represents constant, » grain growth exponent and ¢/ annealing time.

(2) Grain growth exponent of pure lead is about 0.5 at the temperature
100 to 150°C but beyond this range, » increases rapidly with temperature
rise.

(3) In case other elements are added to pure lead, the grain growth ex-
ponent becomes smaller according as the annealing temperature is lowered
and the amount of any specific addition percent is increased. The degree
of change, however, has proved to be dependent upon the kind and amount
of element added and phase change.

(4) When the amount of addition is 0.1% by atomic weight, the addition of
Cu, and particularly of Ca proved to have favourable suppressing effect
on the grain growth of pure lead than Sn, Sb, or As at 250°C.
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Table 1. Analytical Results of Adding Elements Used
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Sn } 0.10 (0.17) 0.21 (0.33) | 0.47 (0.87) 1.02 (1.73) 2.00 (3.44) 3.02 (5.10) 3.97 (6.80)
Sb O 0.11 (0.17) 0.18 (0.34) | 0.51 (0.85) 1.03 (1.69) 2.02 (3.36) 2.97 (5.00) -
As 0.03 (0.08) = 0.05 (0.14) | 0.09 (0.28) 0.15 (0.41) 0.32 (0.83) 0.69 (1.91) 1.02 (2.72)
Ca 0.005(0.025)  0.010(0.05) 0.016(0.07) 0.023(0.12) 0.035(0.18) 0.047(0. 26) 0.10 (0.52)
Cu ©0.02 (0.07) | 0.04 (0.10) 0.06 (0.20) | 90.08 (0.26) 0.10 (0.33) 0.19 (0.61) e
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Fig.2. Relation between Grain Growth
Exponent (%) of Pure Lead and
Annealing Temperature
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Fig.3. Effect of Tin on the Grain Growth
Exponent of Pure Lead at Various
Annealing Temperatures
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Fig.5. Effect of Antimony on the Grain
Growth Exponent of Pure Lead at
Various Annealing Temperatures
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Fig.9. Effect of Calcium on the Grain
Growth Exponent of Pure Lead at
Various Annealing Temperatures
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Table 2. Effect of Various Adding Elements i, S
on the Grain Growth of Pure Lead
(Content of Adding Element :0.1%)
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