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Effect of Alloying Elements on Precipitation-Hardening .

Characteristics of Copper-Bearing Low-Carbon Steels.
(Study on the copper-bearing low-carbon steels—I)

Masazo Okamoto, Ryshei Tanaka and Rokurs It0

Synopsis : .

The effect of various alloying elements such as Si, Ni, Mn, Cr, Mo in copper-bearing low
carbon steels on the age hardening phenomena was investigated and discussed. The results
obtamed were as follows: .

(1) Only a hardening due to the C precipitation from ferrite was fOund to take place with
the steels solution-quenched from 680°C. after the usual annealing, and the hardenfng due
to the Cu precipitation was not observed to occur except with the steel containing Mo.

(2) With the steels furnace-cooled from 930°C. to 680°C. by 13+3°C./mn. and subsequently
quenched from the latter temperature, both of these precipitation hardenings were found to
occur, the quenched state being supersaturated with éopper as well as with carbon. The
hardening caused by the C precipitation was found at the range from room temperature to
100°C., and the hardening by the Cu precipitation was found at above 350°C. In the stage
of the C precipitation, the carbide-forming elements such as Mn, Cr, Mo retarded the hard-
ening and reduced the maximum hardness. While, in the stage of the Cu precipitation, only
Mo retarded the hardening and increased the hardness.

(3) With the steels water-quenched directly from 930°C., as a whole, the hardening due to
the Cu precipitation was not clearly found, because of the increased resistance to softening
on tempering by addition of the alloying elements. With the steels oil-quenched directly
from 930°C., nearly the same precipitation hardening behavior was observed as that described
in (2), except with one containing Mo, in which especially high hardness due to the Cu pre-
cipitation was attained.

(4) With the cold worked steels super-saturated with Cu, the recrystallization softening was
found to be superposed with the precipitation hardening, and the softening temperature was
raised by the Cu precipitation and the existence of carbide-forming elements, particularly of Mo.

(5) It was also certified that the addition of N1 reduced the red-shortness of the steel
containing Cu
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Table 1. Chargihg composition of the steels
used.
AN
Composition (%)

Mark c Cu Other alloying

elements
C-05 0°05 0 _—
C-Cu 0*05 1°5 —_—
Si-1 0°05 1*5 Si 10
Ni-1 0°05 1*5 Ni 1°0
Ni-2 0°05 1*5 Ni 20
Ni-3 0°05 1*5 Ni 3°0
Mn-1 005 1*5 Mn (-0
Cr-1 005 1*5 Cr 10
Mo-1 0°05 1*5 Mo 10
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Fig. 1. Hardness change of the steels water-
quenched from 680°C-1h, due to the aging
at room temperature and the subsequent
tempering at various temperatures for 30mn.
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Fig. 2. Hardness change of the steel C-Cu,

furnace-cooled from 930°C and then quen-
ched from 680°C after holding for different
hours, due to the aging at room temperature
and the subsequent tempering at various
temperatures for 30mn. :
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Fig. 3. Hardness change of the steels furnace-
cooled from 930°C and - then quenched from
680°C, due to the aging at room temperature
and the subsequent tempering at various
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260

i X B L
BHw, *BLEEE
HhiJ{AELDB &
BERD BB, 300°C
PLETo Cu iz X 547
Wiz v Ttk Mo
-1 BX O Mn-1 235

8
S

®
2

Vickers hardness (Load 1 4p)

TECEEZRLTY 8,

595, ZBEEILED _ : c-05

BER X LI K T T
Esg

T 57, 450°C Ik 10015 - ‘M
WT 124h F T @ﬂ#?ﬂj Aging time at 450°C ()
iR A BlE L .
ZogE, CorHic
LBEELRET LD
AT D FE A LA — ,
B 250°C whER L, C oif i owCi@arsh ok
LL, 2T 450°C i £ ReH#E LIRFshE L T
BEXVAEL . FORRE Fig 4itksbk 5 Cr-t
FEU Mo-1 V32575 0 7 HIEBEDSE L, 50~100 h B
TLHRLKEEEEIGET 5, - OFEHEIX Mo-1
® Hv # 250 b L Cr-1 §¥ Hv §9 215 T»7x K
V. FoEs0RENE C-Cu X i —RicETEWE
ErxRLTRVWANEETECLBERIHEVRDD
FAAQAN

% Niv3 Cu X BREMEIEZ BiET DTEEL
TLELEBFIEINSDT, &L 1~3% Ni ZiFm

Fig. 4. Hardness change of
the steels, furnace-cooled
from 930°C and then qu-
enched from 680°C, due
to the aging at 450°C.

— 23 —



964 % &

FAWWE 9O F

%9
1]
“3‘ M-1
e

\§220~A H, "
N JI M2

1 L ‘—o”{
“33 rl J‘:,-E’-——K\.
Y08 s N
NG K,
g R
“
Q
S
S
<

X
S

e e Ny R R R R R R

Aging time at Tempering temperature (°C)
room temp.(day)
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and then quenched from 680°C, due to the
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Photo. 1. Electron-microscopic structures of
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and then quenched from 680°C with and
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Embrittlement of Mild Steel in Contact with Molten Copper—Lead Alloys.

(Embrittlement of steel in contact with liquid phase—I)

Morio Ndkdji?’ﬂa

Synopsis:

High temperature bending tests and high temperature tensile tests of the mild steels
in contact with various liquid Cu-Pb alloys were exammed and the dihedral angles of
r iron/ Cu-Pb liquids in equilibrium condition at high temperature were measured.

-As copper percentage in the liquid Cu-Pb alloys increased, the steels in contact with the o
liquid alloys became more brittle, that is, the surface cracking of the steels by high tempe-
rature bending became severe, and tensile strength & elongation of the steels in high-tempe-
rature tensile tests decreased. The dihedral angles of 7 1ron/hqu1d fell down to 20°C. These
relation was investigated. And the fracture streses uostimated roughly from dihedral
angles were compared with the stresses obtained from tensile tests.
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