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Fine Precipitates in High Chromium Heat Resisting Steels

Ryuichi IsH11, Yoichi TSUDA, Masayuki YAMADA and Kazushige KIMURA

Synopsis : Microstructural observations were carried out on modified high chromium steels which were subjected to tempering at various temperatures.

The kind of identified fine precipitates was mainly influenced by tempering temperature. Large amount of M,X was recognized in the steels

tempered at below 993K regardless of its chemical composition. M,X was scarcely identified in the steels tempered at above 1023K. Many

MX, however, were recognized instead of M,X in the steel tempered at above 1023K. The composition of M,X was changed by tempering

temperature. The amount of vanadium in the M, X increased as tempering temperature was raised. A little amount of fine NbX was identified

except for insoluble NbX. During high temperature exposure, the amount of extracted residue increased with time. One of the features of its

tendency was that the amount of vanadium gradually increased in the steel tempered at below 933K. Precipitation of fine VX and Z phase
were recognized in the steels aged or crept for more than 10000 h at 873K. Fine M,X remained at least for 10000 h at around 873K.

Key words : martensite; precipitation; M,X; MX; Z phase; tempering.
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Table 1. Chemical composition of steels studied.

(mass%)
C Si  Mn Ni Cr Mo V W Nb N
Steel A1) 0.14 0.03 0.52 0.73 104 1.05 021 1.06 007 0.04
Steel A2] 0.15 0.03 0.64 0.69 100 0.99 0.19 1.01 005 0.04
Steel B | 0.16 0.07 0.49 0.79 11.0 099 0.20 1.09 0.21 0.04
Steel C] 0.11 0.39 0.41 0.09 8.54 0.96 0.21 - 0.08 0.05

Table 2. Heat treatment condition of steels studied.

Normalizing
Steel Al | 1,323K x 33h—0.0.| 843K x 33h—F.C.
Steel A2 | 1,323K x 5h—0.Q.
Steel B | 1,393K x 3h—0.Q.
Steel C | 1,323K x 1h—A.C.

1st tempering 2nd tempering
933K x 499h—F.C,
843K x 14h—A.C. | 923K x 17.5h—A.C.
843K x 4h—A.C. 923K x 4h—A.C.

1,053K x 2h—A.C.
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Table 3. Heat treatment condition of steels studied.

Normalizing 1st tempering 2nd tempering
Steel A2 | 1,323Kx5h—0.Q. | 843K x 14h—A.C. | 923K x 17.5h—A.C.
Steel C 937K x 23.5h—A.C.
973K x 2h—A.C.
Steel A2 | 1,323Kx 1h—A.C. } 993Kx2h—AC.
& Steel C 1,023K x 2h—A.C.
1,053K x 2h—A.C.
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Fig. 1. Carbon extracted replicas of as tempered specimens.
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Fig. 3. Carbon extracted replica of Steel A2 after tempering and an example of analysis results for M,X.
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Fig. 4. Carbon extracted replicas of after tempering at various temperatures.

WA O IZEEN S B E BN k572, 22
T, ZOZEEPECIBRERIET 5729, Steel A2F &
U Steel CIZ[Al—D R THEL #HE L, MM &4 #
HL7.

Table 31278 U725 CEVMLEE 4 B L 7= dfE D 4 — K >~
WY 7Y AR E Fig. 41T, MifafES &, R LIR
BOERIZEEROHIEHOFEENMETL, feDHt 4 X
BOTLENRLKELL LZERLEH - 7=,

XIZ, Fig 4 TR S Nc >0 T, gL 2%
TR O T & EDXIZ K 2RI EO e %
T, MEOBELRIEL 72, ZOR % Steel A212D
W I Fig. 512, Steel CIZ DWW T Fig. 6128 F, Ko
W IR L OEE & KA % Larson-Miller /¥ 7 X — &
(P=Tx(25+log 1), T : R LIRE(K), 1 : BERE LEERE(h))
TEHLZLD0THD, /2, KPD(NXZDEIHRD T
PN EBRT S, 923~1053K DR E K THISLAE
TAMHEMNIMC B L UAEDNX TH D, HREIZITEK
BEE DG D% &, 993~1023K & B2 & 0 (KEM Tk
MX A HEEICEE XN 228, K0 ERETREMXEIE L
AERDENT, RbDIZVEFERICEL T5MX (M
%, VX EIPES) AERAEE IS 72, Thb
OfEANIMGIFE L S FEMETH D, (LFHRDERIIHE L
Tk, $4abb, MX & VXOHTH ZEE)IHBR Ui
REMEAEHF L, PR LIREA 993K DL T Tid 7 2 WO G

c) 1,023K
g2) 993K

d) 1,053K
h) 1,023K

Steel A2
As tempered
993K-2h 1,023K-2h
(o) (o) (o) ® VX
o o ° (@) M2X
[ J o L ] ® NbX
[ J ® [ J ® M23Ce
(): S{nall amf:unts qre-sent‘ )
24,000 25,000 26,000 27,000

Larson-Miller parameter (C=25)

ous temperatures.

Fig. 5. Precipitates identified in Steel A2 tempered at vari-
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Fig. 6. Precipitates identified in Steel C tempered at vari-
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Fig. 13. Carbon extracted replica of Steel B aged for 10000h at 873K and an example of analysis results for Z phase.
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