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The Effect of Oxygen Content on the Mechanical Properties
of Low Carbon Steel Sheets

Hiroshi TAKECHI and Hiroaki MAsuUI

Synopsis:

The effect of oxygen content on the mechanical properties and grain size has been examined in both the
pure iron base and a low carbon rimmed steel base,

The following results were obtained.

(1) In the pure iron base, the plastic strain ratio depends largely on the oxygen content.
strain ratio decreases remarkably above about 0-02 percent of oxygen.

The plastic
The mechanism is explained with
In both 689, and 809, cold rolled
sheets, the recrystallized grains with the orientation of {110}[001] grow in the sample of above about 0-02
percent of oxygen, and in 90%, cold rolled sheets the grains with the orientation of {411} [148] which decrease
the plastic strain ratio of sheets nucleate and grow in the matrix with {100}[011] orientation of as—cold
rolled sheets in the sample of above about 0-02 percent of oxygen.

(2) The effects of oxygen contents on the strength and the elongation depend mainly on the grain size.
This is easily understood by considering the very small solubility of oxygen into ferrite at room temper—
ature.

(3) With the increase of oxygen contents, the strength and the elongation do not change largely in the
pure iron base, whereas the strength increases and the elongation decreases in the low carbon rimmed steel
base. This is explained well by the increase of the grain size number with the increase of oxygen con—
tents in the low carbon rimmed steel base.

(4) The reason why the samples of high oxygen contents have fine grain size in the low carbon rimmed
steel base is that fine precipitates interrupt the growth of fine grains which nucleated around the oxides.
This precipitate is identified as f-MnS by transmission electron microscopy.

(Received Nov. 17, 1973)

relation to the nucleation of recrystalized grain and the grain growth.
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Table 1. Chemical analysis of samples.
Chemical analysis (wt%)
Sample
C Si Mn P S sol. N | insol. N Cu O

P1 0-004 0-0012 0-01 0-004 0-006 0-0025 { 0-0015 | 0-006 0-009

P2 0-003 0-0012 0-01 0-004 0-006 0-0028 | 0-0014 | 0-004 0-010

Pure iron P3 0-003 0-0012 0-01 0-004 0-007 0-0027 | 0-0008 | 0-004 0-021
base +O P 4 0-003 0-0013 0-01 0-005 0-007 0-0031 | 0-0012 | 0-006 0-046
P5 0-003 0-0012 0-01 0-005 0-007 0-0030 ;| 0°0010 | 0-004 0-048

P6 0-003 0-0013 0-01 0-003 0-007 00030 | 0-0010 [ 0-005 0-063

P 7 0-004 0-0013 0-01 0-003 0-006 0:-0030 | 0-0011 [ 0-005 0-068

R 1 0-005 0-015 0-30 0-006 0-028 0°0026 Tr. 0-050 0-010

R 2 0-006 0-015 0-31 0-004 0-025 0°0026 Tr. 0-050 0-010

Low carbon| K3 0-004 0-015 0-31 0-004 0-026 0-0028 | 0°0014 | 0-047 0-016
rimmed steel | R 4 0-006 0-015 0-31 0-004 0-026 0-0032 Tr. 0-047 0-017
base - O R5 0-006 0-010 0-29 0-004 0-026 0-0033 | 0-0006 | 0-045 0-030
R 6 0-005 0-017 0-30 0-004 0-026 0-0031 | 0-0006 | 0-050 0-033

R 7 0-008 0-010 0-28 0-005 0-029 0-0030 [ 0-0010 | 0-040 0041

R 8 0-007 0-012 0-29 0-005 0-029 0-0030 | 0-0011 | 0-040 0-045

Table 2. ASTM grain size number of the hot band.

Thickness . . Thickness .
M 2:5mm 80 mm M 27 mm
P1 68 4'6 R1 8-9
P2 58 47 Rg 8-8
P3 5'9 44 R 8-7
Pure iron base | P4 53 47 Low carbon | Ry 8-9
P55 54 4-8 base R 5 88
P6 55 45 R 6 87
P7 56 4-9 R 7 8-6
R 8 8-8
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Fig. 5 (1). (200) pole figures of Pl and P6 cold-
rolled 689%.

FHHED ST & EBE{R T oWk Fig. 2 O X
51IOBR X DEMNEDOLND D, THITEAMB LA
ShdHD EEZLRS.

3:1-2 r{ExXOBIE BEAEASHE

Fig. 3izOg s r L OBFEETT. $iubb, Mgk
BAFRTEROEMNK 00029 LITTIEr {HREWIEER T
TH, —F 0029 LI bTi3r fEOHEARAHSKEL
TEHEL S, P11 (0:0°009%) Xk P5 (O:

0°048%) DOBILETERA 68%, 80%ks X X 90% i
B0 r{ERLELT Fig. 4 KRLTHS. 90%TlE~
EOHANRS EOEMMSLEDL DTSN, 7EDOOFE~
DIRFER LR VPEERD 5N 5.

Fig. 51 68% WIEH DWW s X UHHE Ak Sillkx
T AEEAMERN {1003<110y, {1113<211), {l11}
110) XUt {21110 5, OBITX2TEIF
EZELLTwisvy. Ly L, BffmESEBIORET X
DTZELLTE D, OmAHN0 02%LL T i {1104€001)

a> {111} <110>
¢ o {554} <225>

av {iny<iz>

o {4110} <00I>
av {111} <112>

> {in} <nio>
o o (554} <225>

— 70 —

e

e

-

o



T

e

BEFEO Vv AREREBEICS LETEZEEOHRE 1277

o> {1n} <10>
oo {554} <225>

o {110} <001>
Av {ni}<niz>

Fig. 5 (2). (200) pole figures of PI, P3 and P6
cold-rolled 689, and annealed at 750°C
for 4hr.
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Fig. 6 (1) (200) pole figures of Pl cold rolled 80 "
%, and annealed at 750°C for 4hr.
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b) As annealed
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Fig. 7 (1) (200) pole figures of Pl cold rolled 90

Fig. 6 (2). (200 le i of P5 cold rolled 80 3
ig (2). (200) pole figures r s % and anaealed at 750°C for 4hr.

% and annealed as 750°C for 4hr.
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Fig. 7 (2). (200) pole figures of P5 cold rolled 90
9, and annealed at 750°C for 4hr.
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samples annealed isochronally for 30 min.
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Fig. 9. Change of (l1l), (332), (211), (110), (200)
and (411) pole density of the pure iron
base samples cold-rolled 689 and annealed
isochronally for 30 min.

(I, : pole density in random sample)
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Fig. 10. Change of (111), (332), (211), (110), (200)
and (411) pole density of the pure iron
base samples cold-rolled 9095 and annealed
isochronally for 30 min.( *)
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Fig. 11. Relation between mechanical properties and
oxygen content in the low carbon rimmed

steel base.
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Fig. 12. Effects of oxygen contents on the total elon-
gations in the rolling, diagonal and transverse
directions of the rimmed steel base iron.
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Fig. 13. Hardness changes of the low carbon rimmed
stcel base samples cold-rolled 709, and
annealed isochronally for 30 min.

(H, : hardness of the cold rolled sheet, H:
hardness of the annealed sheet)

ComENREFEELOR L ORARET LTV 5235k
FRICHERTORBR X DTSR EES LIRS SN
v, ChRERT S X 5% r EOmARESF TG L
Twb.

3-2-2 ) & RS RIECRY BREXHRER

HL 5 Y A FIHOBESMKORER O L53tE LT
5T EREbNTWED, FOBEEENIEHz oW
VB S0 TRV, £ TOEDOERETFTIRD:.

Table 2 R1 (OfF :0-010%), R4 (0-017%), R5
(0°030%) & XV~ R8 (0-045%) D[El{E - FHESEk{ Lk
e Fig. 13 wrRd. ) & FHERSRiTR VT dRgE
5% EER, OFotins & bcElE - BiEdaSIRE
XRNTWBZ Edbd 5
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a) heavily strained region around oxide b) recrystallized grains around oxide c) grains around oxide
Photo. 3. Recrystallized grains around the oxide inclusion of R8 cold-rolled 7095 and
annealed isochronally for 30 min at various temperatures.

550°C X 30min
Photo. 4. Recrystallized grains nucleated at grain

boundaries of cold-rolled sheets of Rl.
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Fig. 14. Change in grain size during isochronal ann-
ealing of R1 and R8 which were 709, cold
rolled.
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5. Grain boundary precipitates of R8 annealed at 800°C for 30 min.
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Photo. 6. Microstructures of R1 annealed at 800°C for 30 min.
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sulphur alloy.
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