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Effects of Tempering and Stress Relieving Heat Treatments on
Elevated Temperature Stress of 2-1/4Cr-1Mo Steel

Shinji SATS, Tatsuo KAWASAKI,

Ritsuo OKABE, and Yutake ONO

Synopsis:

To clarify the effects of tempering and stress relieving heat treatments on elevated temperature strength
of 2.1/4Cr-1Mo steel, tensile test and creep rupture test were carried out. Specimens were normalized
and tempered at 640°~760°C or normalized and tempered at 680°C and subsequently stress relieved
at 640°~720°C. Change in the substructure of specimens during creep rupture test was examined
through electron microscope using extracted replicas. Results obtained are as follows.

1) Elevated temperature tensile strength of stress relieved specimen decreases monotonously with the

increase in the tempering parameter (7. P.) of the stress relief treatment. On the contrary, that of
tempered specimen becomes independent of 7. P. in the range of T.P. beyond about 19.5x 103,

2) Larson-Miller’s master rupture curves for stress relieved specimens and for tempered (680°C)
specimen change monotonously, but those for normalized specimen and for tempered (640°, 720° and
760°C) specimens show a tendency to shift to higher stress in the range of the Larson-Miller’s

parameter (Pr. ) below about 18.5x 103,

3) In high Py p. range creep rupture stress decreases with the increase in the 7. P. subjected to
the specimen. At a critical Pz j. which is roughly equal to the 7. P. of that specimen master rupture
curve converges into the curve for normalized specimen.

4) The change in the density of needle-like carbide during tempering or stress relieving heat treat-
ments and also during creep rupture test roughly corresponds with the change in the master rupture

strength of each specimen.

1. & B

2.1/4Cr-1Mo S ARG ARASE : LA X
hTw52, FEOXEE, BHfibictbWABEEN
B b, BEEOTIBREEREL UF S. R.
EHET) W ETETREEEGL, HEME ORGSR
Wi HEn D Tiel, BRBEOETIHEEINS.

AMEORREEICE LRk & » 84 < oBFges
fifthh T 38, FThbnidd A Iz AROBHE
BEDEAL X oTATS X 5 o EcET5 L 0
THBHVD. ol 2E, TRLY 1KE, HEk I 0%
BRIoTTrhTZTh=AF v A b, 434 FPBIV

7254 b+—=F 1 MEBE LIEC, 2-1/4Cr-1Mo
$Md 600°C 35 L Or 650°C wisiF s 7V — 7 iR
R ETRR E LCHBE LSS TRF LT
Wh. B, EE, SR 1 MEORE
ERLDERREL, 7254 b+23—F 1 HBOMK
ErRd oL/, R, REEcE7=51
F+t—F o MHBOMEN DD EIAREL BT L,
ZLTCDX5kr ) —7HEEEFHOHERELX, MC #
sHRRIEH OIS X O AEBEH O~V » 2
ADFER LT IOBNEHIE L TWA T &% 5
wliz., %7, Murery B9 3IBAREYLE2 5 &
ZEoTE 35~95% DNA F AL v eEL 7 =54 b

* AN 52 4E 4 BAAHWEAKLICTRE WM 53 4 11 51 5524 (Received Nov. 1, 1978)
OISR (k) BT (Technical Research Laboratories, Kawasaki Steel Corp., 1 Kawasaki-cho

Chiba 260)

— 139 —



862 g & W

% 65 45 (1979) 45 7 %

+ RS A MEABB IO 7 21 o= 51 MR
BT BRI OWTEES & LAEEE 565° F5 X 08 593°C
Tz Y — 7R T, AREMTT 95% 1
F 4 FEBOWEE D, BT (665°C, 50000 h)
Wi h FBEENIRB L EFWME LTS, DX
51, F—ATFFA FLOBEEBOE S LO]
7Y — ZFHRREOZEX, »AHRE, RBEOEMH CHER
TEHhESLOMBIIES OO, @R, REREMTX
ZEAERL LB L5THY, B ELBHH WL S-R.
SHEoEELER, BREEICRS ERBD bR T
H5HH T ERFEINLD, Zhi AR LcfgRix
RSy I

F T, R TIIBER L LEBE4 OSKETREL EL

HBHL S, R B Uik wont, BT
BB L0 7 ) — BB EITY, RiREBECS X
IETHED E LB IO S R KRB L.

2. R B A K

2-1 &M
HRAMEFEcHRHE L, SFoMALIECHE LI
X 25mm O THB. LoOFEMERE Table 1 12
R, 930°Cx1h Z24 DBl b LE{TIR Do b
25mm x 25mm x 180mm D ZEH A EEE L, Table2 /x
FTro7cEEbE L5 2—5x— (LIF T. P. LWEd)
18.3~20.7x 108 i Mg 588 H £ LU (BERIEE 640°~
760°C) & BuME T. P. 19.4~20.9x 103 1245243 % Bk
3 &L (680°C) +S. R. (640°~720°C) ® L7z T.
P.i3BEL Y LSBT S. R, OREREL 5210k
STHEL XTI, o8, S. R. Bros#EEx 48°C/h

Table 1. Chemical compositions of material, wt%;.

c | si Man1s Cr | Mo Ni’Gu

0.10 0.26’0.46‘0.010‘0.011 2.2310.99 0.05}0.05:

Table 2. Heat treatments of specimens.

Heat treatment T.P*x10-3

N 930°Cx1h A.C. -

T1 N+640°Cx I-h A.C 18.3
T2 N+680°Cx 1fh A.C. 19.1
T3 N4+720°Cx1h A.GC. 19.9
T4 N+760°Cx 1h A.C. 20.7
S1 N4 T**+640°Cx 10 h S.C.¥x** 19.4
S2 | N4+T+680°Cx10h S.C. 20.1
S3 | N+T+720°Cx10h S.C. 20.9

* T, P.: Tempering parameter, 7'xX(204logt)
# T :680°CxX1h A.C. #k §.C. : 48°C/h
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170 &L b, RENBOSIRRIDOITHIRES #h
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Hly & LB R X O AREZE TH B, S. RO MT
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ML & LCEIEERCETT 5. — TR E RO
wEAER X S. R, Mozh& AR HEZ &3
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°C HLETORERSIE T. P. RIBT FRETE
i s, o OERFAEC R S MERE R X OWAE
D& X BERE C, N X0 Cr, Mo EDEWNIC
RT3 EELDRS.

(3) Larson-Miller Bl oTEHE L LIcvAx— 7
Yy — 75 FF o — T S. R skt 680°C BED
UM (T. P =19.1x10%) T3z g — Bl L e

B, BEfe D U3 L0t 640°C BEFRM (T. P.=18.3x
109) CLHE Pr.y. BB CEIEIMERELS RS, %
7o 720° ¥ X0 760°C BEY, & LK (T. P.=19.9, 20.7

x10%) LEEUDHAL D HH L DT HIXTO LS.

(4) FABEOE\ T X BHIE Prow. Bl TOBRIRE
» T. P. REEEEMERSIRRSOThE ICH
L TW5b.

(5) & Py #ET T. P 2AKEWE MG
HHMENDS, Xz Pry, BkELeh e T. P OXK
INE Db TR D UM OlRE (RAHR) &L
TLES.

(6) #mifEs C ORFMBCIET DD Pro. 1L
MBS T. P. LI3IEFE L.

(7) T. P.wkn7V—7HMEBHOZOLSE
ek, BB X027 Y — 7 PR O SRR
(M,C) DRFHEEN & & SHIELTL 5.
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