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Effect of Lead on the Hot and Cold Working Characteristics '

of Low Carbon Steels.

Synopsis:

Akira KovanNagi and Toru ARAKI

Preliminary studies have shown that the hot-workability of a low carbon steel appears not

- to be deteriorated by the addition of lead if the lead particles included in the steel are finely
dispersed and uniformly distributed. Concerning the cold-workability, it has been shown
qualitatively that the work hardening rate in the near-surface zone of a steel rod during
cold-drawing could be decreased by the addition of lead, although quantitative data on this

"~ - effect have not been reported. } ‘

In the present investigation, the effect of lead addition on the hot-and cold-workabilities
of low carbon steels prepared from the same heat has been studied. The test for hot-work-
ability was made with a hot torsion testing machine, while, as industrial scale tests, the hot~
tubing test with a Mannesmann plug mill and the hot-extrusion test by the Ugine Sejournet

process were performed.
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Cold-workability was. estimated from the work hardening characteristics of the steel under
tensile or compressive deformation and the tensile properties after strain ageing were observed.

The drawing forces for cold plug drawing in the cases of leaded and non-leaded low car-
bon steels which were hot-finished were compared. Tensile and Charpy impact tests were
made on cold-drawn and aged steel tubes and the variation in Charpy transition temperature
was observed on the test pieces taken in the longitudinal and transverse directions of the
tubes.

The followmg results have been obtained:

(1) The hot torsion test has shown that the twisting number to failure was decreased
- by the addition of lead, whereas the industrial tests by the Mannesmann and the Ugine Se-
& journet processes have shown that the hot-workability of low carbon steels was not deteriora-
: ted appreciably by the addition of lead. .

(2) The drawing force or the compressive force in the cold-working of steel could be
decreased by the addition of lead.

(3) The work hardening rate during tensile deformation and the hardness after strain
ageing were found to be decreased by the addition of lead. These phenomena can be inter-
preted as caused by the lubrication effect of lead.

(4) The Charpy transition temperature was raised by cold-drawing, showing a peak at a
medium reduction in both the test pieces taken in the longitudinal and transverse directions
©of the material. -

In the cold-worked steels aged at room temperature or at.250°C, the reduction giving the
maximum fransition temperature appeared to correspond to the degree of strain at which
,g the locking force on dislocations by interstitial atoms reached the maximum value, while
‘ this reduction shifted to a higher reduction by the lubrication effect of lead. In the steels
i over-aged at 650°C, the largest recrystallized grain size was observed at the reduction giving
the highest transition temperature. (Received 17 Mar. 1964)
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Table 1. Chemical compositions of steels. (in wt. %)

Steels Cc Si " Mn | P S Cu - Ni Cr Pb | Sol. Al N
L; 0°14 0°29 0‘54 0°010 0°007 016 0°07 007 —_ FO'OIZ O'OOQ
L, 0*15 0°25 0*50 0°010 0*009 0°18 008 0*15 —_ 0°020 .| 0°008
Lg 014 026 0°53 0011 0°025 0°17 0°08 0°06 0:23 0*018. 0008
H, 0°09 0°20 052 0°10 0°019 0°08 0°03 004 — 0010 0*009
H 0°10 022 057 0°10 0°020 0°08 0°03 0°04 0°07 0012 0°007
H; 010 0°25 059 0°10 0°019 008 0°03 004 0°12 0°015 0007
H, 0°09 <026 0°58 0°10 0°017 0°08 0°03 004 0°14 0°015 0°007
B, 0'09 0°40 0°57 O'>017 0°038 0*18 0*11 0°10 — 0°008 0008
By 0°09 0°41 0°55 0°017 0°038 018 0°11 010 — 0007 0°008
Bs 0°0%9 0°37 - 0°53 0°017 0°038 0°18 0°11 010 0°20 0008 0°008
C, 007 0°08 044 0°015 0°012 008 0°03 0°03 — 0°028 0°008
Ce 0°07 0°09 0°43 0°014 0011 | 0°08 | 0°03 0°03 0°18 0030 0°008

. - FE (Hv 10kg) & ZOEHGOFIRINITE (D %) &%

Table 2. Size distributions of Pb particles in

leaded steels. -

Pb particles per mm?

~—
_Pb size‘< s~ ~ -~ ~ >
Steels 1°5p| 1*5pu| 2°5u| 3°5¢| 45| 5°5p
Lg 955 468 119 12 8 —_
B; 228 284 81 33 18 14
H, 1149 328 26 — — —_
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Table 3. Variance of outer diameter and thickness of Ly (Leaded) and L; tubes
in cold plug drawing.

Out. dia. . . . . P 5S4 Ge A s e 20 . q15e
(tnm) 139°07—135"96->133°22—>129°38—>125°26—>121*32-5119°41->117°38->115°22—>112°36->109* 34
L 1213?&) 9*72—> 9°71—> 9°58—> 9°32— 9702 891> 8°59— ' 8°34—> 8°04—> 7'91—> 7°65

Reduc. . . . . 5ye en .

%) 0 — 2°5—> 58 —>11°0 > 16°6 —> 20°3 —> 24°3 — 27°9 —> 31'5 —> 34°3 — 38°1
()%ﬁhggﬁ‘ 139°68—>135°59—>133°06—>129°02—>125°04—>121 *26—>119*44-5117*32—>115°2[—>112*36->109*32
Lr T?§$§§§ 9°20— 9°25—> 9°30->  9°19— 9°00—> 888> 859> 835> B06L> 7°00—> 765
Rﬁng' 0 = 2°6— 4°1 = 8°3 = 13°0 — 169 —> 20°7 —> 24°2 —> 28°0 —> 31°2 — 352
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Fig. 1. Ductility-temperature, maximum torque-
temperature curves of leaded and non-
leaded steels. S45CF and S45C atre leaded
‘and non-leaded medium carbon steels
respectively.
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Photo. 1. Failured test pieces of leaded and
non-leaded low carbon steels after hot
torsion test.
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Fig. 2. Torque—revblution and tension-revolu-
tion curves of leaded and non-leaded
steels in hot torsion test.

Table 4. Secondary tensile stress of L; and
Lr in hot torsion test.

Secondary tensile stress
Twist. temp. (kg/mm?)

(o]

e L;(Non-leaded) | Lr(Leaded)

800 . 192 027

900 197 0°78

1000 2°07 1°26

1050 = 146 1°12

1100 1°72 1425

1150 —_ 143

1200 170 1°49
1250 1°59 1449

H; H, (Leaded) x100(2/3)
Photo. 2. Cracks and voids in surface zone of
leaded and non-leaded steels twisted at
-1150°C.
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Photo. 3. Surface appearances of C; (Non-leaded) and Cs (Leaded) steel
bars, hot-extruded and pickled.
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leaded low carbon steels, deformed by
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non-leaded steels under compression
‘with a 500t cold hobbing press.
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Table 5. Average drawing and mandrel forces of leaded and nonleaded
medium carbon steel tubes.

Reduction (%) 6°5 — .

11°5 —> 165 — 21 — 24 —> 28

Drawing force Nonleaded -

454 —> 48°9 — 47°0 —» 37°5 — 356

(t) Leaded —— > 42°3 — 42°3 _—> 42°3 — 35'6 — 334
Mandrel force Nonleaded —— — 28'6 — 27°0 — 20°1 — 25°3 — 25°3
(v Leaded L1609 —

22*1 — 236 — 261 — 236 — 27°2
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Fig. 10. Relation between hardness, tensile
strength, elongation and cold reduction

in mild steel tubes, leaded and non-
leaded.
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L, S T Lr

By : B X 3200 (1/2)
Lz 25% cold worked and 6 months aged at room temp.
LF (Leaded) ” ” 7 - 7o B
By 33% cold worked and lhr aged at 200°C
B5 (Leaded) ” ” 7 ”

Photo.. 5. Electron micrographs of L;, B, (non-
leaded) and Ly, Bs (leoded), cold worked
and strain aged.
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Fig. 11. Relation between transition temperature

and cold reduction of mild steel tubes,
leaded and non-leaded.
(Tested in longitudinal direction)
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Fig. 12. Relation between transition temperature

and cold reduction of mild steel tubes,
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(Tested in transverse direction)
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