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Effect of Lead on the Quench-Ageing,

Stress—-Ageing and Grain Size Chara-
cteristics of Low Carbon Steels.
' Dr. Toru Arax: and Akira KOYANAGI
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Table 1. : Chemical analysis of specimens.

~ Steel No. C Si Mn P S Cu | Ni Cr .Pb | Sol. Al N
L2 0°15 0-25 050 0*010| ©0O°009 | 0-18 0°08 0°15 — 0°020 | 0°008
Ly 0-14 0°26 0°53 0°011 0025 | 017 008 006 0°23 0+018 0008
H, 0°09 020 0°52 0010 0-019 008 0°03 004 — 0°010 0°009
H, 010 | 022 0°57 0°010 0°020 0°08 0°03 0°04 007 0:012 0*007
H; 0°-10 025 059 0010 0-019 008 0°03 004 0°12 0°015 0007
‘ Hy 009 0°26 0°58 0*010| 0-017 008 0°03 0°04 0-14 0-015 0°007
’ Ay 0°15 034 0°56 0018 0°039 018 | 011t 0°10 — 0096 0°010
As 0°14 0°33 0*54 0018 0°039 0°18 011 0+10 0-12 0-094 0*010
Bo 0°09 0°40 0°57 0°017 0°038 018 011 0°10 — 0-008 0°008
B, 0°09 041 0*55 | 0017 0°038 0-18 0°11 0°10 — 0°007 0°008 -
Bs 0°09 0°3 0°53 0+017 0*038 | 0°18 0°11 0-10 0°20 0°008 0°008
C, 007 0°08 044 | 0°015 0°012 0-08 003 0-03 -— 0+028 0008
C: 0°07 0°09 0-43 0°014] 0-0l1 008 0°03 003 018 0°030 0008

Table 2. Quench-aged hardness of leaded and non-leaded specimens.

Hardness (Hv 10kg)
Steel No. Temp. of W.Q.
'As quenched| 50°CxX1 hr 50°C %2 hr 50°C %3 hr 50°C x 4hr
H, 630°Cx 1/2 hr 138°5 144 142 141 —
H, (leaded) 7 131 134 134°5 137 —
5 Hs ( 7 ) o 138°5 152 142 140 —
~ H, ( 7 ) 7 133 142 137°5 137°5 —
H, 680°Cx 1 hr 158°5 184°5 185 — 185°5
H, (leaded) 72 147°5 149 156°5 — 161
Hs: ( 2 ) 4 : 165°5 182°5 187°5 — 189
H,. ( 7 ) % 157°5 167 167 — 171°5
C, 7 150 176°5 176 — 178°5
C, (leaded) 7 124°5 . 127°5 134°5 — ] 135°5
t
Table 3. Grain size number of leaded and non-leaded specimens, carburized or normalized.
. [}
925°C X 6 hr 1000°C % 5 hr 1100°C x4 hr 1200°C X 3 hr 900°C X
1 hr A.C.
Steel No.
7 @ 7 a 7 a 7 o a
L, 3+7 7°8 1+7 33 21 41 —1- 442 98
v Ly (leaded) 54 52 46 4+0 3°4 49 44 5°5 9+0
H; 1°5 46 2°2 4°5 21 46 15 4+3 7+1  8+1
H, (leaded) 1+7 4+7 2°7 5°1 1°8 4°7 1°3 4°3 7°4 87
L 4 Hy ( 7 ) 1°8 5°4 2+4° 50 21 53 1°8 4°8 7°6  8°5
H, C 7 ) 26 48 33 52 21 5°0 2°0" 41 7*8 -9°0
Ay 1°9 347 3°4 2*9 i 41 —0%6 4+0 92
A; (leaded) 32 36" 4%6 442 42 3°7 1°2 4*9 81
B, _ 2°0 55 246 56 2°6 57 22 5°6 87 7°5
B, 11 54 1*9 5°8 1°3 5°2 1°5 4+7 8*5 8°2
B; (leaded) 2°4 53 37 5°8 2°3 5°2 21 4+9 8*3 7°8
N C, : 1°8 5°5 1°7 3°8 176 33 —1° 4°8 6°8
= C. (leaded) 5°5 60 6°2 5°9 56 | 3°1 11 37 | 78
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Fig. 1. Relation between hardness and ageing
time, ageing temperature of leaded
and non-leaded low carbon. steels,
quenched from 680°C.
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Fig. 3. Relation between hardness, ductility
and temperature on the stress-ageing
of leaded and non-leaded low carbon
steels. '

V2] T T
X
L . /
/3 N R
s we wr .
Bo —o— —o--
1} Ba —a— —sam- 4
!

Bs(lented) —x— --x-= !

==
Lo——

(mm)

‘®

Elomgation
NN W A Y Yy D
T :

L ;/L/
|-
X
acid ]
k) /0 /5 0.

Cr‘éep-/‘upz‘z//e time (fr)

Fig. 4. Relation between elongation and
creep-rupture time of leaded and

non-leaded low carbon steels
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On the Mechanical Properties and

Heat-treating Behavior of Niobium-
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