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Direct Observation of the Tempering Process
of 122,Cr Heat Resisting Steels.
Kaz_u);a Mivauara, Dr. Toshio Fujira
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Table 1. Chemical composition of alloys (wt %).

Sample No.| C | si | Mn | » I e | Mo v Nb B
S 1 0-19 0-50 0-77 0-011 | 0-009 | 0-12 11-57 — — — —
S 2 0-20 0-36 0-53 0-017 | 0-016 { 0-09 11-58 | 1-07 — — —
S 3 0-20 0-44 0-54 0-005 | 0-018| 0-08 11-85 — 0-38 — —
S 4 0-18 0-47 0-52 00121 0016 009 11-55 — — 0-42 —
S 5 0-21 041 0-89 0-005 | 0°018 | Nil 10-53 | 159 0-19 0-20 0-037
S 6 0-18 -33 0-42 0-005 | 0-018 | Nil 11-37 | 0-46 0-32 0-31 —
Table 2. The changes in the microstructure of tempered steels.
Tempering Microstructures
State| temperature H?ﬁivrsess -

X tempering hour

Precipitates (carbides)

Martensitic matrix (ferritic)

500°C x 1000 hr or
600°C 10 hr 280

Small carbides (MgaCe)
precipitate on the grain-
boundaries.

Dislocations are tangled and in high density.

600°C x 100 hr or
I | 700°Cx1hr 250

y

Tangled dislocations become released. At the
same time, some domains of low dislocation
density are formed.

600°C x 1000 hr or
T | 700°C % 10 hr 230

The carbides on the grain-
boundary grow gradually.

Domains of high dislocation density are
polygonizing, and low angle grain-boundaries
are formed.

v 700°C %100 hr 200

4

Subgrains surrounded by low angle grain-
boundaries grow larger.

v 700° C x 1000 hr 170

The carbides grow to

The subgrain grow to ~3p dia. The further
growth of the grains is prevented by the carbides.
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Fig. 1. Tempering hardness of Sl.

— Ea e a
a. Tempered at 500°C for 1000hr.
b. Tempered at 700°C for 1000hr.

Photo. 1. Electromicrographs of heat treated steels.
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Fig. 2. Hardness-Larson-Miller parameter curves.

Table 3. Effect of alloying elements on tempering
process.

Sample No.

s 1152753[5 4
(Mo) | (V) |(Nb)

Tempering condition

500°C for 1000 hr

600°C for 10 hr I I I I
600°C for 100 hr

700°C for 1 hr I | I-T] 1 I
600°C for 1000 hr

700°C for 10 hr I I-T} & I
700°C for 100 hr v | v |v-v| ¥
700°C for 1000 hr v v v v

I ~V are the same signs used in the Table 2
to mean the definite matrix structures of the
tempered steels.

I —1 means that the tempering process are on
the way from state I to state I.

Z Fig. 2 Z7RT. oMY, HENEGEERE O
RLIZEWT, T4bb Larson-Miller parameter 2
18 LLEIZH VT, VIimo S3 o@EE S1 rigiEs
Lwat, S2, S4 93 S1 X hEV. £7-3 512 S4 13
@il © (L-M. parameter 18~20) ¢ S2 x v
.
LDELEDBRREBOBRLAEREX T T S1 &
gL Tthise Table 3 27 %5. S3 oZ{bix, S 1 &
ERIERMCTHH5, 52, S4 ok <hTws.
ELW Nb o S4 532k s<hTnwd. zo
HBZILOBNWBBEELELTI30THAS5. (Li
L 700°C o 100hr DLEOBE L TIX S1~S4 ofig
X, BZAERILTHS. coLtzoREoBEDL
Bk, KILDOE, FHRBOLEVIIZDTHS
5. S2 REEBERMAT S4 X0EER S 5D



i v~—1 —

BARSKMHRE 72 AEERARSHERLE (1) 1563

(a) Tempered at 600°C for 1000hr ‘ (83)
(b) v (52)

(S4) The tempering
process is most delayed

Photo. 2. Electromicrographs of heat treated steels.
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Photo. 3. Electromicrograph of heat treated steel
(86), i_tempered at 700°C for 1000 hr.
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