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The Effect of Various Grain Refining Elements on Properties of
Steels for Boiler

Yasuo OTOGURO, Katsukuni HAsHmMOTO,

Noboru Muba, and Junjiro MURAKI

Synopsis:

The effects of various grain refining elements on creep rupture strength, strength at room temperature,
and impact properties have been investigated for some boiler plate steels.

The results obtained are as follows.

1) The impact properties and yield strength at room temperature depend only upon the grain size.
The transition temperature in Charpy impact test (2 mm V notch) drops and the yield strength increases
in proportion to the reciprocal of the square root of the ferrite grain diameter, but the creep rupture strength
decreases with the decrement of the content of active nitrogen caused by the combination with such ni-
tride forming elements as Al, Ti, and Nb.

2) Test temperatures at which the creep rupture strength are influenced by active nitrogen change
with the chemical composition of steels. The effect of active nitrogen on the creep rupture strength is sig—
nificant at 450°C but is inconspicuous at 550°C for Si-Mn steels.

For steels containing Cr and for Mo, the effect of active nitrogen is remarkable even at 550°C. This
seems to be caused by the I. S. effect between Cr and Jor Mo and nitrogen.

3) Even the addition of a small amount of Al as a deoxydizer loweres remarkably the creep rupture
strength because Al is a very strong nitride former.

But in steels containing Mo or both Mo and Cr, a still more addition of Al turns to increase the creep

rupture strength.

This is due to the increment of the amount of bainite with increasing Al content.
(Received Jan. 12, 1973)
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Table 1. Chemical compositions of steels.

C Si Mn Cr Mo Nb Ti Zr Te Ce Al sol. Nt
A-1 0-144 | 0-30 0-69 <.0-005 { 0-0059
A-2 0-155 | 0-26 066 0-007 | 0-0050
A-3 0-159 | 0-32 072 0:022 | 0-0059
A-4 0-151 | 027 0-68 0-033 | 0-0053
A-5 0-158 | 0-30 0-70 0:013 <0-005 | 0-0055
A-6 0170 | 0-29 0-69 0-03 <0-005 | 0-0053
A-7 0-154 | 0-31 0-69 0-02 <0-005 | 0-0060
A-8 0-165| 0-30 0-71 0-01 <0-005 | 0-0058
A-9 0-152 | 0-30 0-70 0-02 <0005 | 0-0057
A-10 0-155| 0-32 072 002 0-005 | 0-0060
A-11 0-152 | 031 0-71 0-05 0-005 | 0-0060
A-12 0152 031 0-72 0-09 | <0-005 | 0-0060
A-13 0-153 | 0-29 0-67 0-22 <0-005 | 00058
A-14 0-153 | 0-30 0-65 0-36 <0°005 | 0'0054
A-15 0-155| 030 0-69 0-57 <0-005 | 0-0064
A-16 0-157 | 0°30 0-70 0-62 0-022 | 0-0064
B-1 0-107 | 0-30 0-56 2-23 100 -<0-005 | 0-0067
B-2 0-101 0-31 0-56 2-30 1:05 0-026 | 0-0073
B-3 0095 | 0-31 0-55 2-27 1-00 0-02 <0-005 | 0-0064
B-4 0103 | 0-31 0-55 2-33 0-98 0-034 <0-005 | 0-0058
B-5 0-109| 0-29 055 226 0-97 | 0-027 <0005 | 00065
C-1 0-142 | 0-33 0-69 <0005 | 0°0051
Cc-2 0-139 | 0-32 0-72 0:025 | 0:0053
Cc-3 0-141 0-33 0-70 0-090 | 0-0053
C-4 0-140 | 0-31 071 0-17 | 0-0053
C-5 0-141 | 0-33 0-73 0-38 | 0-0058
C-6 0-145 | 0°30 1-37 0-006 | 0-0056
C-7 0145 | 0-31 1-38 0-030 | 0-0061
C-8 0-146 | 0-30 1-38 0-16 | 0-0061
C-9 0146 | 0-33 1-39 0-38 | 0-0059
C-10 0-137 | 0-30 0-66 0-81 <0-005 | 0:0054
C-11 0-141 | 0-29 0-69 0-84 0:025 | 0:0060
C-12 0-143 | 0-30 0-70 0-83 0-14 | 0-0062
C-13 0-142 | 0-32 0-73 0-83 0-37 | 0-0063
C-14 0-143 | 0-29 0-66 0-53 <0-005 | 0-0050
C-15 0-138 | 0-31 0-66 0-52 0-022 | 0-0053
C-16 0-143 | 0-29 0-69 0-53 0-12 | 0-0058
C-17 0-141 | 0-32 0-70 0-51 0-38 | 0-0053
C-18 0139 | 0-29 1-29 0-50 <0-005 | 00050
C-19 0143 | 0-31 1-33 0-53 0-028 | 0:0054
C-20 0-143 | 0-31 1-36 0-52 013 | 0:0058
C-21 0144 | 0-34 1-38 0-53 0-36 | 0-0055
Cc-22 0-141 | 0-28 0-66 0-82 0-52 <0-005 | 0-0055
6-23 0-137 | 0-29 0-66 0-84 0-52 0-023 | 0-0054
C-24 0-139 | 0-29 0-67 0-82 052 0-13 | 0-0064
C-25 0-136 | 0-31 0-68 0-82 0-51 0-37 | 0-0061
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Photo. 1. Microphotographs of steels normalized at 880°C (Aseries).
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a) Steel A-1 900°C
d) Steel A-1 1000°C
g) Steel A-1 1100°C

b) Steel A-3
e) Steel A-3 1000°C
h) Steel A-3_1100°C

%100 (2/3)
c) Steel A-9  900°C
f) Steel A-9 1000°C
i) Steel A-9 1100°C

900°C

Photo. 2. Austenite grain size of steels of A series. (holding time 30 min).

Table 2. Mechanical properties of steels of
A series (at room temp.).

Tensile properties at
room temperature
T.S. [Y.S. [ EL P A Rt
k,

(el W EEl) @ | o | co | w
A-11 43-3 1 26'5| 44'5| 686 | —28 256
A-21 43-3| 305 443 | 70-2| —42 | 204
A-3 | 43°5| 34-4| 453 | 713 | —52 | 137
A-4 43-3 | 33-8| 45-0 71-0 —48 | 15-8
A-5| 44'2| 38-3| 418 70°8| —41 |12'8
A-6 42:6 | 33-5 456 | 710 —40 | 156
A-7 | 436 | 25°5| 47-0| 72'1 —-36 | 24-3
A-8 43-3 | 35'8| 45°9| 699 —-51 | 125
A-9 42-4 | 32:2 | 45°0| 694 —50 | 12°6
A-10| 43-2 | 28-2 44-5 | 68'6 —32 | 256
A-111| 43-0| 31-1| 434 | 69:4| —40 | 24-2
A-121 42-8 — | 465 | 698 -—38 | 22-2
A-13| 43-7 | 278 | 45-2| 70-3| —48 | 229
A-14| 44:8 | 27-8| 487 72-7 —51 | 22-8
A-15| 449 | 30-1 44-9 | 73-2 —70 | 21-3
A-16| 46°3 | 339 451! 75'5| —76 | 158
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Fig. 1. Effect of content of alloying elements on tensile strength and yield strength (A series).
(o) o or or o
-20 -20 -20 -20|
Kw
xo
—40 -40} -40 o -40}
v -sof -60 | -60 ~-60 |-
=
> o}
—-80 - —-80 - -80 -80 -
-100 . L I -100 . I ~100 L I -100 . ' )
0 001 002 003 0 001 002 0 005 010 0 02 04 06

Al content (%)

Te content (%)

Ce content (%) Cr content (%)

Fig. 2. Effect of content of alloying elements on transition temperature in charpy impact
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Fig. 3. Relation between yield strength and ferrite
grain size for steels of A series.
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Fig. 4. Relation between transition temperature in

charpy impact test and ferrite grain size.
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Fig. 5. Effect of Al content on creep rupture properties.
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Fig. 6. Effect of Te content on creep rupture properties.
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Fig. 7. Effect of Ce content on creep rupture properties,
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Fig. 8. Effect of Cr content on Creep rupture’properties.
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Fig. 9. Relation between minimum creep rate, rupture life and snoek peak height.

ru‘p‘t’ure life and sno"ek‘ peak height.
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a) Steel B-1 920°C Normalizing
d) Steel B-1 920°C Annealing

b) Steel B-2 920°C Normalizing
e) Steel B-2 920°C Annealing

%100 (2/3)
b) Steel B-3 920°C Normalizing
f) Steel B-3 920°C Annealing

Photo. 3. Microphotographs of steels of B series.
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Fig. 11. Effect of additional elements on charpy
impact value for steels of B series.
(2mm V notch)
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Fig. 12. Effect of additional elements on creep rup-
ture life for steels of B series.
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Fig. 13. Relation between rupture life and snoek
peak height.
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a) Steel C-§ b) Steel C7 c¢) Steel C-9
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Photo. 4. Microphotographs of steels normalized at 880°C. (C series)
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a) Steel C-14
d) Steel C-22

b) Steel C-15
e ) Steel C-23

X100 (2/3)
¢ ) Steel C-17
f) Steel C-25

Photo. 5. Microphotographs of steels normalized at 900°C (C series) .
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Fig. 14. Effect of Al content on charpy impact properties for steels with structure of
ferrite and pearlite. (C series)
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Fig. 15. Effect of Al content on charpy impact properties for steels with structure of
ferrite, peartite and bainite. (C series)
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Fig. 16. Effect of Al content on creep rupture strength for steels with structure
of ferrite and pearlite. (C series)
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Fig. 17. Effect of Al content on creep rupture strength for steels with structure
of ferrite, pearlite and bainite. (C series)
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