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The Oxidation Process in Molten State of Lead and Its Alloys
for Lead Sheathed Cable

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

Abstract

It is a well known fact that the greatest enemy to the manufacturing of lead
sheath is lead oxide which is present in the ingot of lead and readily formed when-
ever molten lead comes in contact with oxygen in the air. This oxide is a principal
factor of the heterogeneities found in the lead sheathed cable.

Should a close investigation on the problem of lead oxide be made, the oxidation
process of molten lead must be studied. The purpose of the writers was to determine
the state of oxidation of pure lead and lead alloys used for lead sheath of the cable
containing Sn, Sb, Al and Na, and at the same time to investigate the effects of
covering fluxes, 1.e. ZnCl., NH, Cl and graphite powder, on the oxidation of lead by
way of discussing their recent experiment. The rate of oxidation for molten samples
was determined in their experiment with the aid of thermo-microbalance, designed
particularly suitable for the experiment on such a continuous oxidation as lasting 5
hours at temperatures ranging from 330°C to 550°C. The results of experiment
are as summarized below :

(1) The parabolic law was applied to the oxidation curve of pure lead and Pb-
2.5% Sn alloy.

(2) As regards lead alloys containing a small amount of Sb, Al or Na, a linear
relationship was found between oxidized weight and holding time.

(3) Addition of Sn, Al and particularly Na was proved to have a good suppres-
sion effect on lead oxidation. The constants of oxidation rate for alloys
containing those elements are very small.

(4) The increase in weight of molten lead by oxidation was hardly recognized
in the 5-hour experiment at 400°C, partly shadowed by the remarkableness
of the effect of convering fluxes.

(5) The activation energy of oxidation of molten lead was found to be about
20,000 cal/mol.
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At 400°C TIEZITMTH D, MR ISR 5 .

(2) EALHERISSTELET ,EVZOSE

U R A LR E o E LT v E V"Ff'fz"-J 0.5mm
DIEXCHBIL, Eﬂjﬁ®% r 4= < RIS ER 21T
ML TR L 13400°C I B\WTHE
ﬁﬁ&%ﬁbtoCﬂdﬁﬁ%%mﬁﬁgﬂ*i%t%
Y2z bhh, Hi{bT vEVTHEE LG 350°C ks
Lot 400°C Iz WTid e A EFWU?;EM R HDT,
375 HIE O LRh RN A 15

< SRR ORI
VRO EIC A~ TRy & 7213 L RO B LB
adh b otz

E!/'\ -
%:rl:l‘n'h-

o ol

(VII] &% =
A BY P 542 (Pb-2.5%Sn, Pb-0.93%,5n-0.31%
Sb, Pb-0.99% Sb) I X OSrOfe{LELIRIZIfRER 2 b 72

— 87

0.152 A1, Pb-0.05% Na I L¢8 Pb-0.1% Na &
SOMGITIY, MR & EERER ORI IZ « E
BB ARAS K D 37D,

(3) #gnoME{bgEligly, 460°C & CiRiEEE & b
LAt R U e, SR T L 470°C it Tl
IR L, DMEEE LRI RAICKRELTRS, bk
FUR BT B LY, WThOH42IT2
WTHFBEDREILE 555880 bivlz,

(4) Pb-25%Sn (re:OBELHEENEIL 450°C %
TS TNE <, BNIEREROMLEIIEICESLD

=& IS,

(5) 7vFEuvia4SUiaLoMLEEEEIIA X
BRI IR CUI IR VIR LA TR T 5 .
(6) fit7 1 3 =2 A0S LEEIEIZXA 5%

Tk, 450°C 3s L or 500°C Pt L s, 400°C
LU CHRAD S

(7) i bV 7 AOEREEILEL IR %4
ik, #9 475°C LM B W TR gl ik v, 500
°C L) LB CIlIE e L, b iR X%
s

(8) B komihii, 350°C ClHg LA LK
W, 400°C GiiZE Ly,

(9) AL, HUL7T v vicd ORI IES
I A < 400°C i SReffRFE LT, iamdn O (b
BaElliZ e A LD bhuisholz,

(10) ERROERILEEED DIE b= R L F — 251 H
L 20,280 cal/mol % % 7-.

E DI AE D 1 I T CHIFRE A TH\ 7o B AZBRIEN
AN M TISAAME, [UATMH L HOWT ER I i &
N RCEHOEZEKT S,
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BIIHFRAEBEREISBFBE—E (3041 354 (D 2)
(FETBH X VHEl)
i A H | % fi i i s OB | 2 W &
) = S A - e SRS B EE :
o e — me | MBHIEBRGEEEE C X 2 HNEHEOER e Z S =
4/ L RS B & Tl HIEBFERT | & R = =
4L B R =% & | B B & ¥ B ¥ &K F 5 & |PbemEFT| B B £ %
e |m & o= P g | TRORRAT-FFORRNRATRCDC | pugar | mw * £ 2
,i
Yi |B R = ® & EREKENBEARGO WA | BLFEF | L, &
. i
4/ I R = F & B8 fER L BEEL oMK | BIHER K O R
4/ B R = F & QRN ENSOOHMBMBMMEITS T H LW AT ﬁ;’i%m §
& A | BIEEHALBERICKD 2 HEESHAET | L omrr | e —
4/ I B = F :c\: i R HI3cwrzir | /N #K % —
4/ B R =2 F & REAEEMOBABREN T HEIC O T | HSBFEAR | L AR B
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o - A | HEKEZRHECZ AVR ROBILE 7T a7 p = (= S = S
4/ F B R = F = | X 2EBEEE L OR qj;\&ﬁ:%ﬂﬁf = W OR OB
= £ — s | Descrihing Funilion Method iz & % dE#i . ﬁ,l- w8 R R
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4/ & S = ¥ & DUSSLURDT SN S ng | rARET | K B
: s | REERERRBRE T b U S AR O i ik Bl e | N B =
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A # 8 B 1k ¥ o o B (E3H) ST s i
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4L | R E T | % B KR OB W OB OE B Z2RILY KRB —
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Yr (B & = ¥ & LoLiHRoBRS STEE B pummry kB X #
| | I
4/ k. *£ﬁ£$%fi{é;kvbnuﬁ%@ﬁ?ﬁ%%mxﬁ'ﬁml%‘m%%}i
| i % 3

S

(55 95 HE~#i € )





