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Tensile Properties of Pure Irons Made by Various Melting Methods

Synopsis:

Tadahisa NAKAMURA and Tsuneaki SAKAKI

Pure irons made by three kinds of melting methods, i. e. vacuum melting, electron-beam melting and
zone refining, were studied on their tensile properties, at several temperatures from room temperature
down to liquid nitrogen temperature, and at strain rates from 10-# to 8 per second. The purity of iron
affected to the friction term in Petch’s grain size dependence equation on yield stress, and there were no
changes in the coefficient of grain size term. The stress for brittle fracture due to the intergranular type
fracture was not almostly dependent upon strain rate and temperature, but markedly upon grain size.
For the electron-beam melted iron which was materially fractured brittlely in intergranular mode, brittle
fracture strength of about 16 kg/mm2 per unit grain boundary area was obtained when coarse grain specimens

were failured intergranularly at low temperature.

(Received 15 Dec. 1967)
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Table 1. Chemical compositions of vacuum mel-
ted, electronbeam melted and zone refined
irons. (in wt%)

Vacuum Elgctron- Zone refined iron

eam

melted

iron m.elt9d 1 pass 2 pass

iron
C 0-016 0°003 0-002 0:001
Si 0-025 0-020 tr. tr.
P 0-013 0007 0°004 0-004
S 0-007 0005 0-003 0-003
O 0-020 0-048 0-008 0-003
N 0-004 0006 0-003 0-001
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< O‘mm . P ' I~
a) Vacuum melteddspe‘cimcn. Testing temperature —196°C.
Strain rate 8/sec.
b) Electron beam melted specimen.
—196°C. Strain rate 10-4/sec.
c) Zone refined specimen. Testing temperature —196°C.

Testing temperature

Strain rate 8/sec.

Photo. 1. Microstructures showing feature of non-

metallic inclusions and fracture appear-
ance.
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60 ro—e] \ Strain rote 10" sec! ]
- } Groin size 35~392
E 50
~ -196°C
o
= a0 ’IF
|
| _L Tl -
g 30h — L L\
L - Tl \
n : -78°C L—//K.‘.:‘ Py § .——0—\. 1 }
20 T F==l 0 S u,
| - Iy
| RT |
10 H o1
i ll
[} ]
ol 1 N1
0 10 20 30 40 50 60 70
Strain (%)
Fig. 1. Tensile stress-strain curves of vacuum

melted, electron beam melted and zone
refined irons, mark X shows brittle frac-
ture point.
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Fig. 1 i 3 EHo#oLI-BdifEo & 3. B
AL 10-¢/sec, BPRIREIEE, —78° XU —196
°C, EERRIT 35~39y ThH5H. ZESIE TIXEZE
BRskOmIC B —EEL, BEF - 2RSS N
O E, NI TRRIGH B XORNEH & BITH]
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fo. @A XENTRT AR VT, NIRRT A
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WO T A, RERINEE T R CRMERRIT L 7o, HEIRRE
I DX BBBCRIVWTLEMAA, BREMETD
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Fig. 212 3 @HEDSDO TR, MEFRAEIGHS L
OREHEREERS 1 PRI E 223 T DA AL S FE 2k —B5 B
¥ RSN RWET AR O &N ERFEE R T -
THEX 10-4/sec THELACIDOTHS. TIERICH
% oiy(kg/ mm?), FEFROBEREZd mm L3,
TEDOEI IV D 5 PETCHPO BRI AL VL DT &
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(a) Vocgm melted iron
@ lower yield stress at room temperature
& lower yield stress at -78°C

4 lower yield stress at ~196°C

(b)Y Electron beam melted iron

(c) Zone refined iron

¥ Twinning siress at —196°C.
+ Intergronular briﬁlé fracture siress at -78°C

X Intergranulor brittle fracture stress at -196°C

Fig. 2. Lower yield stress, twinning stress and intergranular brittle fracture stress as the functions
of grain size and tensile temperature, at the strain rate of 10-4/sec.

Table 2. Values of ¢; and % of vacuum-melted,
electron-beam-melted and zone-refined

irons.
Stain |Temper- i v
Specimens sr::it aglére kg / ;an kg, mmd?

RT 60 3:0
Vacuum- 10-¢ |
melted iron _ 780 155 | 33
Electron- _
beam-melted | 10-* RT 4-0 3.1
iron

RT 0-3 3-1
Zone-refined 10-4
jirons _ g0 12°0 39

3, SR RUE B IR A E A e WL E S
DR LRKTHD. FHBED 0i 3Lkl
Table 2 T3 . BEEIAMRKELEERE 10-4/sec, —196
°C THER-GE, HE (FHRE 190p) ORRE
IR & TG MAFEL. L DT—
196°C Tik 0i B Xk DEZRDBZ LI TERLD
.
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Grain size d " (mm'%)

Fig. 3. 109, flow stress as a function of the grain-
size, at the strain rate of 10-¢/sec and at
room temperature for vacuum melted,
electron beam melted and zone refined
irons.
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RGPS B IR & XA T 5
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vacuum melted iron
© Ductile fracture
x Intergronular brittle fracture
—-— Frocture transition boundary
Fig. 4. Fracture appearance of vacuum melted, electron beam melted
and zone refined irons as the functions of the tensile temperature

-196°C RT -78°C -196°C RT -78°C -196°C
Temperature

Electron beam melted iron Zone refined iron
a Psedou-brittle frocture

2 Traonsgranulor brittle fracture

—===Ductility transition boundary

and the strain rate.

DTS 7S, EHILERLY (a) Fine grain specimens(35—39.)
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(b) Coarse grain speicmens(190—340u)
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