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1) M. K§0NEIS and R. GaTTrINGER: Stahl u.
Eisen, 81 (1961) 7, p. 431~445 ‘
2) H. FieprLer and.-G. Ricuter: Neue Hiitte
Heft, (1960) 1, p. 21~3l
3) BF: Ha, 9 (1960) 6, p. 56~60

4) Wk, BF, S g4, 45 (1959) 3,
p- 301~303 .
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Properties of Various Pure Irons.

(Study on pure kiron—I)

Synopsis:

Takaji KusAxkawa and Toshikatsu OTANI

Recent iron and steel alloys are very complicated. . It is necessary to research the funda- -
mental properties of iron for the development of these alloys. )
For this purpose the properties of various kinds of commercial and trial-manufactured

pure irons were investigated at first.

Pure iron contains generally C, Si, Mn, P, S, Ni, Mo, V, Ag and Sn as impurities.

Mechanical properties of full annealed pure iron are approximately as follows. Hardness:
HrB 30, tensile strength : 30kg /mm?2, elongation : 50%, reduction of area : 70%. )

Ultrahigh purity iron (Fe>99°99%) is high in work hardening rate and has good corrosiomn

resistance.
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Table 1.
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MSRICIIBLE RS KOO BEEC X W EL DL 0
BdHH. THOMEBREZEEFRC X0 H5ETHLRD &
SIinb. :

Lo MEEICE b0 (BT
2. ﬁﬁm%ﬁuié%@

3. BRRIC X5 L0 (B
4. BELIMECILb0
5. EEELZXI® LD

6. {LFEWIFERLIZHO

LA N D RAEHE 2 W R, JKFWH, zone-
refining 7 ECHIER LF TV 53035 5. '

PEEtEUR & U CrRIBAN SAEECRIENES IC X o TRLE X
PR T 8k, ARETINER, 35X OB AR L 23tk
Mgk z R, PSR oL Z Table 1| X0
Table 2 iIT7RT .

N BHERIC OV TIROAEHER 21T\, Holichat

0% et

Lo BRI BB

FTANOEER IUELEELE LE (940°C x2h)
DR AT D7,

i) BB

Rockwell B scale 12 CHIEL 7.

Chemical composition of pure irons (%)
Specimen C Si Mn ‘ P ‘ S ‘ Al Cu Remarks
A 0°06 | 0°05 | 0%002 | 0°005 | 0+004 | 0°082| 0-014 | Hochotetsu
B 0*010 0°007 0007 0+006 0+007 | — 0-007
C 0°025 0°25 0°015 0°013 0°005 0°013| 0°010 | 20mm §
D 0*005 | 0°003 | 0°003 | 0°003 | 0°004 — — Electrolytic iron-air melt
E - 0°01 0°01 0°05 0°010 0°008 05 — 22mm §
F 0016 0007 0-02 0°006 0°011 — 006 | 19mm §
G 0015 0°018 004 0°013 0007 — 005 lémm § |
H 0°0125| 0°12 0+142 0011 0°006 0067 0°014 | 19mm §
I 0°012 0°011 014 001 0°006 0°06 0*015 | 19mm § :
S PN . _ o . . Mg 0°0001, Ni 00001, Ag<0"0001
J 0+0005| " 0°0003 070001 R’ 9999 " Smm §
Table 2. Chemical composition of pure irons (Spectroscopic analysis)

Specimen Be Ag Cr Co Ni Sn Ti A% Mo
A — 4 — — 6 4 — 3 1
B 1 4 — 1 5 5 2 3 - 1
C 1 4 — 1 4 4 2 3 1
D — 2 — — 4 e .2 1 1 1
E 2 4 1 1 6 5 2 4 1
F 1 4 — — 5 4 1. 3 !
G - 1 3 — — 5 4 2 3 1
H 1 4 2 1 5 5 2 3 1
I 1 4 1 1 5 5 2 3 1
J 1 4 — 1 5 5 -2 3 1
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i) BIIEEER ,
JIS 4 SZWEEREE (D=10mm) T X 555EH
Ba i, BIEIAX, MOY, %0 REEL .
i) T RE LR E o :
SEAEle ¥ LA L7 14mm § X 14mm O FEIREER

B (KT O 5mm § X5mm) % 50% WREEMEIT.

LUk, TITATORES &REL TINTIC X BELEE R
Do ‘ '

2. LR |
MigkOMBRE L LTy 54 MERNERE S kS
BN EMBREERIT ROk, ‘

Table 3. Formulas for artificial sea water.

Stock solution:

 Potassium chloride 10g
Potassium bromide 45¢g
Magnesium chloride 550 g
Calcium chloride’ 110g

Sterile distilled water to make 1/

This stock solution is used with other chemi-
cals to make.the synthetic sea water of follo-
wing composition:

Sodium chloride-NaCl E - 23g
Sodium sulfate-Na.SO,- 10H,O 8 g
Stock solution . ‘ 20ce
Sterile ‘distilled water to make 11

(Navy department specification 44T 276,
July 1, 1940) .

H As received

3 Annealed (#0°Cx2h)
80 ]
~ ] M
?
I
40 R

~ B8 ¢ D E F 6 . H I J
Specimen

Fig. 1. Hardness of pure iron.
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PR E AR E L, 14mm § X 14mm [CHITL,
EME, BEEYEESE, KICRTEERBRLZT L, B
REETERY D OBREL(La k. LB T IASR
BOFEE EMD S D X DINAFBRF &0, RER
LRBBOLBEL RS XS5, kDR
ERGR & Sk & WA L 2.

50.

H As received

| Ameated
(940°C x2h)

b
<

Tensile strength ( kg/mm®

o
<S>

20
Specimen
Fig. 2. Tensile strength of pure iron.
_ ﬂ As received
60
Annealed
(0 x2h)
R4
B
N
S
s
g
20

B ¢ D E F G H 7
Specimen

Fig. 3. 'Elongati'on of pure iron.
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BEL, EEELAEEL 7.
i) fitaEests

IN, 15°C @ HCl ficiBfi % 5h BL, BERK

BB 7 f R -
iif) MK &R v ’ , 36 ]
Table 3 RTREBEOMK I TATHIAZA 3
« SR S P R =
* : ﬂ As received é z ——{ ] —_{
80 HAMMZMWM,”M — - A B ¢ D E F G - H I J
} 7 . B ] Specimen
! 1 3 Fig. 6. Ferrite grain size of pure iron.
N |
< 60 Table 4. Areal proportion of nonmetallic
> inclusion in pure-iron. (%)
§ Speclmen | d Agoxeo | d Bsox 400 d Ceox 100
g ,
20 - .
1S A 1175 0°208 0254
Y B 0°010 0°018 0°030
3 C 0008 0°024 0°038
Q2 D 0°008 0004 0°008
E 0°004 0°004 0°008
“‘ 20 i F 0°004 0°060 0°082
’ G 0°004 0°010 0°040
H 0*004 0008 0016 .
I 0°004 0°008 0°016
J 0°000 0°+000 0°000
B (," D » '3 F. G H IV '
Specimen )
. Fig. 4. Reduction of area of pure iron.
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~
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X /2 - >
.§ - ’ r : 20— -
3 — [ S
.:t . ) §
~ : : . m
| £ = 00 : I r
N > §
] o ] L a
5 g
\E 08 — [~ 1 1 ——  — A (3
g
Ry
3
: B ¢ D FE F & I J Ws ¢L
& €.’ £ . F ¢ H rJ Specimen
) Specimen
. TFig. 5. Cold work hardening rate of pure iron Fig. 7. Corrosion of pure iron in the air
N ‘ © (cold worked 50%). (15 days).
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40 — 1

30 — - L

20 |— N L

Corrosion "loss in  weight (g/m?)

o

B L.
DL L EMETHS. Table 2 & Table | 7. LT
% BHTLEUNDTERIC OV TOSIHHIC X DB HT

il

Corrosion of pure iron in 1IN HCI
for 5h (15°C).
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Fig. 8.
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Corrosion lass in weight (/)

1
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Specimen
Corrosion of pure iron in sea water
for 50h (15°C).

Fig. 9.
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Table 5. Chemical composition of mild steel
and spheroidal graphite cast iron

for the corrosion test (%).

C Si- | Mn P S

Mild steel 0°21 | 0°32 | 0°45 | 0°035| 0:018
Spheroidal .

graphite cast 343 | 3°12 | 0*24 | 0°053] 0°01!0
iron
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Lo MERARIOLBEAM L T C, Si, Mn, P,
S®iE, Ni, Mo, V, Ag, Sn BHEL, %< 0l
4 Al, Cu, Ti, Be 415+ 5.

2. SEARSE LR L MO BEMAINEE 11T ISH X
=HrB 30, 3|3 = =30kg /mm?, MU=50%, b
=70%TH 5. '

3. HESRIRIEME IR D Fe>99°997, BRECRD L
TRLTOMBEED D LEp 78 VEMREN ST 5.
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5. HMEEKIX Fe>99'99% MERME LK itk
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'8 73
1) T. Lyman: Metals Handbook 8th Edition
1, p. 1206~1212
2) The Armco International Corp: Magnetic
Ingot Iron for D-C applications
3) BEAME: NKigk '

4) e, RER, B AEMEESR, 1 (1961)
1, p. 57~70
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