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Long-term Isothermal Aging Behaviors of V Modified 2.25Cr—1Mo Steels

Hiroshi Y AGUCHI, Shogo MURAKAMI, Nobuyuki FUIITSUNA, Tomohiko SHINYA, Masato Y AMADA and Tadamichi SAKAI

Synopsis : Long-term isothermal aging behaviors up to 30000 h has been investigated in V modified 2.25Cr-1Mo steels. When impurity elements were

added, FATT in Charpy impact test vs. aging time curves showed basically of parabolic type, indicating the importance of segregation of im-
purities as the critical factor in controlling aging behavior. On the other hand, when the amount of impurities was small, FATT showed com-
plex behavior with aging time. This suggests the importance of other factors in controlling aging behavior such as recovery of dislocations
and enlargement of various carbide precipitates.

When the degree of temper embrittlement after aging is compared in terms of the increase in FATT due to aging between the modified
steels and the conventional 2.25Cr—1Mo steel, it is found to be smaller in the modified steel at the same impurities level (J-factor). One of the
reasons has been attributed to the increased Mo content in solid solution of the modified steel based on the chemical analysis of precipitates.

The hardness generally increases first and then decreases with aging time. The change of hardness is more pronounced for the convention-
al steel. The increase in hardness is due to new precipitation and the decrease due to enlargement of precipitates and recovery of dislocation
structure. Behavior of recovery was investigated with SEM-EBSP. Image quality (IQ) and grain average misorientation (GAM) were ana-
lyzed. Based on these results, it has been suggested that the more stable behavior in hardness in the modified steel can be attributed to the

presence of stable MX type precipitates containing V.

Key words : 2.25Cr—1Mo steel; molybdenum,; isothermal aging; temper embrittlement; SEM-EBSP.
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Table 1. Chemical compositions of the samples (mass%).
C Si Mn P S Ni Cr Mo \ Nb Sn As Sb Ca N J-Factor
C |l 015 |0.11 /056 | 0005 | 00020 | 017 | 248 | 110 | — | — | 0001 | 0002 | 00005 | — — 402
F | 0148 | 0.16 | 0.50 | 0.016 | 0.0022 | 0.16 | 2.45 | 1.00 | 0.30 | 0,030 | 0.002 | 0.002 | 0001 | 00025 | 00011 | 1188
J | 0143 [ 020|050 | 0.025 | 0.0018 | 0.16 | 244 | 1.00 | 0.30 | 0031 | 0002 | 0.002 | 0.001 | 0.0025 | 0.0008 189
P | 0145 | 0.08 | 0.50 | 0.015 | 0.0024 | 0.16 | 245 | 098 | 0.30 | 0031 | 0.002 | 0002 | 0001 | 00020 | 0.0010 98.6
S | 0142 | 0.15] 050 | 0005 | 0.0018 | 0.16 | 2.44 | 098 | 0.30 | 0.030 | 0.002 | 0.002 | 0001 | 0.0025 | 0.0008 455
T | 015 | 007]055] 0005 | 0.0030 | 0.14 | 248 | 1.09 | 030 | 0.038 | 0.002 | 0.002 | 0001 | 00005 | 00054 | 434
J-Factor = (Si+Mn)*(P+Sn) x 10000
Table 2. Hardness of the samples as-PWHT treated (HV).
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Fig. 2(a). AFATT as a function of aging time in conven-
tional steel.
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Fig. 2(b). AFATT as a function of aging time in V modi-
fied steels at 427°C.
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Fig. 2(c). AFATT as a function of aging time in V modi-
fied steels at 454°C.
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Fig. 2(d). AFATT as a function of aging time in V modi-
fied steels at 482°C.
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Fig. 3. Effect of J-factor on AFATT at aging temperature
of 482°C.
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Fig. 4. Fractography of Charpy impact test, (a) Conventional steel aged for 10000h at 482°C. Charpy test was carried out at
—100°C. (b) Hydrogen charged V-modified steel aged for 10000 h at 482°C. Charpy test was carried out at —40°C.

Table 3. Chemical compositions of each alloying element
extracted as precipitates (mass%).

Conventional (C)

Temperature(°C) | Aging Time(h)| Fe Mn Cr | Mo
AS PWHT 0 0.43f 0.042{ 0.70] 043
427 3.000 0.41] 0.038] 0.69| 0.42
427 10,000 0.40{ 0.037] 0.67] 0.41
427 30,000 0.43| 0.046] 0.69| 045
454 10,000 0.41| 0.039] 0.68] 0.45
454 30,000 0.42] 0.042] 0.71] 046
482 3,000 0.43] 0.041f 0.68] 045
482 10,000 0.36] 0.037| 0.62] 0.47
482 30,000 0.35] 0.040{ 0.63] 053
Modified (T)
Temperature(°C) | Aging Time(h)[ Fe | Mn [ Cr [ Mo [ V Nb
AS PWHT 0 0.25] 0.032| 0.46] 0.31] 0.19] 0.032
427 3,000 0.28] 0.027[ 0.50] 0.30j 0.20{ 0.030
427 10,000 0.24| 0.023| 0.42 0.25] 0.19| 0.027
427 30,000 0.25| 0.03] 047 031] 0.18/ 0032
454 3,000 0.24f 0.022| 0.42| 0.25] 0.19] 0.028
454 10,000 0.27] 0.027] 0.49] 0.28] 0.20] 0.031
454 30,000 0.29] 0.029| 0.50] 0.32] 0.19] 0.033
482 3,000 0.24| 0.024| 0.42] 0.25] 0.19 0.03
482 10,000 0.25| 0.025] 0.44 0.27] 0.18] 0.03
482 30,000 0.25| 0.026} 0.43] 0.29] 0.19] 0.029
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(a) 5

Fig. 10. Typical dislocation structure in conventional steel, (a) as PWHT, (b) after aging at 482°CXfor 30000 h.

Fig. 11. Typical dislocation structure in V modified steel, (a) as PWHT, (b) after aging at 482°CXfor 30000 h.

Table 4. Summary of changes in dislocation structure observed by TEM and EBSP.

427°C 454°C 482°C
As PWHT up to over
30,000h 30,000h 3,000k 10.000h
Cell and sub- No change | No change No change
TEM grain size detected detected detected
Conventional Dislocation No change | No change No change
Steel density detected detected detected
EBSP (] Increase Increase Increase Increase
GAM No change | No change | No change | No change
Cell and sub- (1) Small No change | No change No change
TEM grain size detected detected detected
V modified Dislocation (1) High No change | No change No change
Steel density detected detected detected
EBSP 1Q (1) Low Increase Increase Increase Increase
GAM (1) High No change | No change | No change | No change

(1) Comparison with conventional steel at as-PWHT condition
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Table 5. Summary of changes in dislocation structure and precipitation observed.
427°C 454°C 482°C N
As PWHT
up to 3.000h over 10,000h | up to 3,000h | over 10,000h | up to 3,000h | over 10,000h
. . Decrease —
FATT Slight increase Increase Increase No change Increase
Increase
HV Increase Decrease _Increase Decrease
Slight
Coarse M,;Cs. MsC. M,C, No change No change No change No change No change decrease?
. Number Number Number
Conventional Precipitates M,C M,C increased Enlargement increased Fnlargement increased Enlargement
Steel -
MC Not observed Not observed | Not observed | Not observed | Not observed | Not observed | Not observed
. . Slight Slight
Dislocation Density No change No change No change No change '8 '8
decrease? decrease?
Structure
(Tempered .
Bainite) Cell and Sub—grain Re—arrangementRe—arrangementRe—arrangementRe—arrangementRe—arrangementRe—arrangement|
. . . . . . Decrease —
FATT Slight increase Decrease Slight increase No change Slight increase
Increase
HV No change No change Slight decrease |Slight decrease
Slight decrease
M,,Ce, M;C, M,C . ) . Slight . Sli i
Coarse 23 26 6 773 ISlight increase? — Slight '8 Slight increase? ight Stight
(1) Decreased . ” decrease? decrease? decrease?
. increase’
v '\gOd'Ted Precipitates
teel M,C Number Number Numb
M,C : . Enlargement . Enlargement . umper Enlargement
(1) Decreased increased increased increased
MC MC No change No change No change No change No change No change
i i Densit: Slight Slight
Dislocation ensity No change No change No change No change '8 '8
Structure (1) Increased decrease? decrease?
(Tempered Cell and Sub—grain Re— t“R _ tRe- tRe- tRe- tR t
Bainite) (1) Reduced size e arrangemenJ e—arrangementRe—arrangement|Re—arrangementRe-arrangementRe-arrangemen

(1) Comparison with conventional steel at as-PWHT condition

Coarse Carbide
(M,;C,, M, C, M,C;)

Coarse Carbide __ags _ Dislocation
No chan h"“‘ég- re-arrangement
2 e R
“\"f"'

) As 4
(a) As PWHT (b) Up to 3.000h
M,C

Coarse Carbide M,C
Number increased

Dislocation: re-arrangement
Density: slight reduction?

(c) Over 10.000h M,C
Enlarged

Fig 12. Schematic illustration showing the changes in dislocation structure and precipitation during aging in the conventional

steel, (a) as PWHT, (b) up to 3000 h aging, (c) over 10000 h aging.

PERFOD M2 78 X 20X, M,CIRILIDITH & Z D%D

HACDFEPRENZ &, QRMOM & 2RI LE %

Did, KD RELMCRRICHVREIET» S L T3 VB 2.25Cr-1Mo §il D 1H i R R R ) 12 & 2 BER L i

DT, MCIRILBDFG N E Wi BEZ LNz, HOREBE ZD A H ZZLIZDONTOREEIT>72, ZD
R, LToMmeE7,

(1) AHEAD GRS T, EVEEMEEM R
FEDRERNRERNC (5 BRI A F B &2 L7z, TR

49



I 596

$% &8 Tetsu-to-Hagané Vol. 91 (2005) No. 12

Coarse Carbide

(My;Cy, M(C, M,C5)

Needle: !

Coarse Carbide
No change

(¢) Over 10,000h

M,C
Fine: MC

Coarse Carbide
No change

(b) Up to 3,000h

M,C: Enlarged

MC: No change

Dislocation
re-arrangement

M,C: Number increased
MC: No change

Dislocation: re-arrangement
Density: slight reduction?

Fig 13. Schematic illustration showing the changes in dislocation structure and precipitation during aging in the V modified steel,

(a) as PWHT, (b) up to 3000 h aging, (c) over 10000 h aging.
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