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Structural Change Occurred by Furnace Cooling and Its

Effect on Creep Rupture Properties of 21-12N Steel
Takuro SAGA, Ohmi MIYAGAwWA, Mitsuyuki KoBavasui, and Dai FujisHirRO

Synopsis: - . ] )

It was found that the grain boundary serration could be produced when commercial 21-12N steel
was furnace-cooled from various solution temperatures. - - - -

In this study, the condition required to serrate the grain boundaries in high Cr-Ni steel was
determined and the effect of the furnace cooling on the creep rupture roperties of 21-12N steel
was investigated.

In order to serrate the grain boundaries, high Cr-Ni steel, in which C or N more than.0°2% or
0°39, was contained respectively, had to be transferred from solution temperatures to the higher
temperature region around 900°C and then held for a certain time at the same_region in which the
nucleation rate of precipitates was not so fast, but both nucleation growth and grain boundary
migration were ready to occur, without passing through the lower temperature region around 700°C
in which precipitates were ready to nucleate.

Smooth and notched creep rupture properties at 600°C of 21-12N steel were improved remakably
by the furnace cooling, while at 700°C the effect of the furnace cooling was decreased gradually as
the rupture life increased.

(Received July 30, 1969)
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Table 1. Chemical compositions of specimens.

Steel- C Si Mn P S Ni Cr Mo N
21-12N 0-19 0-72 1-16 - 0°025 0004 10-42 21-72 — 0-23
A 0-014 0-37 0-40 0-001 0°005 11-99 20-67 — 0-029
B 011 0-45 0-44 0-001 0-006 12-05 2067 — 0-062
C 0-21 0-43 0-44 0-001 0-007 12-05 20-67 — 0-060
D .0-42 0-43 0-45 0-001 0-005 11-99 20-62 — 0-063
E 0026 0-41 0-41 0-003 0-007 12-18 20-80 — 0-15
F 0-025 0-48 0-43 0-004 0-008 12-10 20-84 — 0-23
G 0-010 0-58 0-51 0-008 0-007 12-18 20-98 — 0-44
H 0-23 0-76 1-02 0-003 0-006 11-99 21'29 2-41 0-25
21-4N 0-42 0-41 7-66 0-02 0-004 404 2165 — 0-37
CRK22 0-30 0-50 1-20 0-22 0-009 10-81 20°03 2-23 —
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Fig. 1. Time-temperature curves of air cooling
and furnace cooling.
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Fig.. 2. Notched creep rupture specimen.
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Fig. 3. Effect of solution temperature and cooling
rate on the hardness value of 21-12N steel.
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Fig. 4. Change in hardness with distance from
surface of a solution-treated specimen

of 21-12N steel.
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Photo. 2. Microstructures of 21-12N steel solution-treated at various temperature.
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a. 21— 4N steel
b. CRK22 steel

c. H steel

Photo. 4. Microstructures furnace-cooled after solution treatment at 1200°C, lhr. x720 (2/3)
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Fig. 5. Effect of direct aging temperature and time
on the condition of precipitates at the grain
boundaries.
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Photo. 6. Microstructures of 21-12N steel solution-treated for lhr at 1200°C and directly

aged at various conditions.
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a. 21-12N steel (1x1x10/)

1200°C x |hr=WQ
900°C x 2hr {in salt bathl=wQ

b. 21-12N steel {(16¢x10 /()

1200°C x 1hr=WQ
900°C x 2hr (in salt both)-=wQ

c. F steel (162 x107)
1200°C x lhr—WQ
800°C x20hr {in furnace) =WwWQ

Photo. 7. Microstructures of 21-12N and F steel after various heat treatments.
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Fig. 8. Effect of nucleation rate on the condition
of grain boundary precipitation.
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Fig. 9. Effect of furnace cooling on creep rupture
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Fig. 10. Effect of furnace cooling on.creep rup-
ture strength of 21-12N steel at 700°C,
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Fig. 11. Rupture time ratio of furnace-cooled

specimens to water-quenched specimens
of 21-12NN steel.
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Fig. 12. Rupture time curves of 21-12N steel
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Fig. 13. Rupture time curves of 21-12N steel

solution-treated for lhr at 1200°C.

& RS AT o7 21-12N TRRIEUEHC o &, 600°C
750N 700°C THEMIERR o 2 Y — PRI TR &
s>t ¥O#iR% Fig. 9 XU Fig. 10 534, -
%, Fig. 912759 600°C To 2 ) — FMigamE & 2
B x, HHILRE D5 A % Bb T 3 KEHIC <
B AGEMBREE A B V. O S DAGE MK T A E S ok
il bt (Fig. 1) 2-5don5 X 510, HIR(L BES
@ LB oN Y ) — TR A SRS S P ORI R
EELARERD. T, ABHIRERILIRES AT
ERGETRIR LRI B HINIC S DA%, FaiidiEiE
1100°C THA L 785, &2, Fig. 10 5 X OF Fig. 11
HZhH & 700°C TRIMMRE 2 AT 5P o RIL
600°C DI 13 LHEE TV, D AR &

— 65 —.



66 & & i

56 £ (1970) w1 %

20
~
‘ 5 < o —_
*~ Fc,e00°C 1 200°C x thr.
\;¢ﬁ\\ FC,700°C

10 4 '
g \\(\\ﬂb o -

5 <7 WQ,600°C :
5 a £ /wo,700°c
22 [ —a—
g 0 a 4 2
} =3
S FC,600°C
@ / ?
® 15 \?\’\ ! O\ .o |
5 U5 e 1 100°C X L hf
1<% ’ :
S FC,700°C - \\\\
o 10 . |
: /wo, 600°C \

T
S A =t Y A T— AN
a N
wQ, 700°C
o - o
10 30 100 300 1000 3000

Rup1u>re time (hr)

Fig. 14. Relation between rupture time and rup-
ture elongation of 21-12N steel at 600°C
and 700°C.
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