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Abstract For the good combination of high-temperature strength, toughness and creep property, 9-12%
chromium steels are often used for gas turbine compressors, steam turbine rotors, blade and casing. In this
study, the correlation of microstructural evolution and mechanical properties was investigated for the
specimens heat-treated at 600, 650 and 700°C for 1000, 3000 and 5000 hrs. The microstructure of as-received
specimen was tempered martensite with a high dislocation density, small sub-grains and fine secondary phase
such as My3Cq. Aging for long-time at high temperature caused the growth of martensite lath and the decrease
of dislocation density resulting in the decrease in strength. However, the evolution of secondary phases had
influence on hardness, yield strength and impact property. In the group A specimen aged at 600°C and 650°C,
Laves phase was observed. The Laves phase caused the increase of the hardness and the decrease of the impact
property. In addition, the abrupt growth of secondary phases caused decrease of the impact property in both

A and B group specimens.

Key words 9-12%Cr-steel, ultra-super critical power generation, laves phase.
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Table 1. Chemical composition of specimen(wt%).
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Fig. 1. SEM microstructures of group A of a) as-received, b) heat-treated for 3,000 hrs at 650°C and ¢) heat-treated for 5,000 hrs

at 700°C.
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Fig. 2. SEM microstructures of group B of a) as-received, b) heat-treated for 3,000 hrs at 650°C and c) heat-treated for 5,000 hrs

at 700°C.
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Fig. 3. EDS spectras of a) Laves Phase, b) Cr,Mo,W-rich second phase of group A and c) Mo-rich second phase of group B.

Table 2. Area fraction of Laves phase of group A steels.

temp. time 600°C 650°C
1,000 hrs 0.90% 0.92%
3,000 hrs 2.17% 1.33%
5,000 hrs 1.71% 1.70%
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Flg 4. TEM images and SADP of group A of a) as-received,
b) heat-treated for 1000hrs at 600°C, c) heat-treated for
3,000 hrs at 650°C and d) heat-treated for 5,000 hrs at 700°C.
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Fig. 5. TEM images and SADP of group B of a) as-received,
b) heat-treated for 1,000 hrs at 600°C, c) heat-treated for
3,000 hrs at 650°C and d) heat-treated for 5,000 hrs at 700°C.

TR e, lath Wi wie- 22 Zdﬂ 1%g 7}
A3 A= AHAHQ tempered martensite =02 HA
2] 7ol & 4A7+a Foll uhel martensite lath
Fol| AYU=rt HA £0]5 2, martensite lath®] F-&
B o)™, martensite’t =A)5HA] Y+ lath-free 59 9)
Holxle Aoz yepdoh'Y 700°ColA A2l Al 1000
A7r FA A RN EEE martensite lath?} S99 &

£ 7F sub-grain®. 2 ¥H3lE™, o]#{¥t sub-graind
dAe] A7) AAIZE A& ot Exfete BlESTt
FolAlE AL Z UEsTH

A7FEONAM ] A2t AFES AHHEW as-receivedr]|H
ANME 50 nm ©o|3te] A27FEC] FE PAGBS} lath
boundaryg webr HAHC] e AL & 4 9JoH, o]
E M gAElxe] 22 - At weiA A
Zsta] 700°ColA 500041 7HE ¢t EAElg AlHAA =

200nm FE9 A7|E 7H A22de] YeEltEd, EDS
A4 SEMeA #FEHAE Cr-Mo-WE FAHAFELR
6—}*5‘ M23C6 typegl %ﬂ%%}g o]- }\ o]?j\p}_ ‘I—‘\S_}.—,

SEM #ztA 9l v/ 2 600°CSF 650°Ce] EAiE]
2 oA+ Laves phase’t A S Al7bol] whelbrd A
e Aoz Jela ok AEBY A% (Fig. 5)
SEMAA AZEJE Cr-Fe-MoE FHEOCE &=

FEES
M23C6 typeS’J %ﬂ%o] '/_‘Fi ;w:}_‘?——_}ggi—— 1 1?1— M23C6

g - ol - 4

- A8 - AEE

—m— Group A, 600°C -0+~ Group B, 600°C
{ —e— Group A, 650°C --0-- Group B, 650°C %

a0 A Oroup A, 700°C ~-a-- Group B, 700°C
120 4 ‘

0.154

0.10

Mean diameter of second phase(qum)

.05 o

vy e L L S A n et
1 10 100 1060 16000
Time (hours)

Fig. 6. Mean diameter of second phase.
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