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Recent Trend on Materials Development for A-USC Power Plants
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Synopsis

Thermal power plants have been recognized as an important energy supply source to maintain sustainable and safe society
since the disastrous nuclear power plant accident last year in Japan. In the mean time, renewable energy issue is fanatically
being on the table, but it is no doubt that thermal power plant is the major energy source even in the year 2030. Thus, the
improvement of energy efficiency by raising the steam temperature is an urgent issue for thermal power plants. In this paper,
current activities and trends of materials development for advanced ultra-super critical (A-USC) power plant to be operated
above 700°C will be briefly reviewed. Focus is placed on design concept and superior creep properties of novel austenitic heat
resistant steels strengthened by equilibrium intermetallic phases, TCP (topologically close-packed) Laves and GCP (geometrically
close-packed) phases. A new strengthening mechanism “Grain-boundary precipitation strengthening” by the Laves phase is
shown to be important to abtain long-term creep rupture strength. The results clearly show that the Fe;Nb Laves phase is not
detrimental but promising as a strengthener for austenitic heat resistant steels.
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Fig. 1. Trend of steam conditions in thermal power

plants in Japan.



2. 2 700 CANDOEHHA

21 AL A o TH 5 HAKERIZE VT 700 CTHK T3
#|7 7 ~ M (A-USC . Advanced Ultra-Super Critical 5 i
w84 RS SETE) OFEBUSIT 72 BB O B A A
ThbNsEHhoTERLY, FHMIIEET L, KE
TRBEEETEOEE 7Oy =7 FABE SN, [#E50
MR O &R - SR LT 7% (CFR 19
R~ 23 4EFE) 12BN T 700 TR OB SE O JLRERF
Fe b hs, Tz, [ A TN RBIEMCEER
MBS | CFRK 20 4EFE ~ 28 4EFE) Tld, 2025 4F% HAE
12700 CHlfh A-USC 75 » M EBT 57200 DFEHF;
M EREIEEENTVSE Y, TRBIIEI I TLE
{, ZRRE @O THEBENFEEZH S0 % FTH EF2
72 THhA. Fig. 212 A-USC 77~ Oz, $7-,
Table 1 IZBIfEEt SN TV A BEMEEE/RT. A-USC
WCHWOENAERA T —RUy —Era—%—fFH2IE,
700 CIZBWTEN- R 7 V) — TR AT 2 &
ENMb. Lizrs-TC, BHOE Cr 7 =7 4 bR M
SR RS, H7eRMBMESLETH Y, O
S AUSC EHOEZFE-STVA LWV THRSTIER
v, e, REEARET 2R 2 —H — L E LA
[ L CTH MR ICHA TS, 20K E RS
EEOREEF Y 2y Py UHE LCHRE ST

[ : materials to be developed

I
I ESM.;. g 720C 720°C
a 700
L A4
1 AL |
7 ] . — ///i
B E | il
7/ e [
- = =
7 Ve = |
i | turbine HP-IP turbine LP turbine
Boiler 171 3 Eo— 1 =)
[ | ’ || Steam turbine @Z

Fig. 2. Schematic illustration of A-USC power plant and
materials to be developed.
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Table 1. Composition of candidate alloys and their

application for A-USC power plant.

Section | _Applications Candidate alloy] __Alloy compositions (%) Remarks

Boilar  |Heat exchanger| Nibase |HR35 Ni-30Cr-4W-Ti
Pipe & Tube Aloy 263 Ni-20Cr-20Co-6Mo-2Ti-Al
IN 740 Ni-25Cr-20Co-2NB-2Ti-Al
USC 141 Ni-20Cr-10Mo-2Ti-Al
IN 617 Ni-22Cr-12Co-9Mo-2Nb-Ti-Al  |main steam
HR35 Ni-30Cr-4W-Ti |pipe, crossfire
Ni-Fe base | HR6W Ni-25Fe-23Cr-7TW tube, reheat
Feriitic HighB-9Cr | Fe-9Cr-3W-3Co-Nb-V-B up to 650°C

steel Low C-9Cr | Fe-9Cr-2.4W-1.8Co-Nb-V-0.035C
SAVE12AD | Fe-9Cr-3W-2.6Co-Nb-V-B

Turbine Roter Nibase [LTES700R | Ni-12Cr-6.2Mo-7TW-1.5A1-1Ti-0.03C
TOSI1 Ni-20Cr-12.5Co-9Mo-Ta-Nb-Ti-Al-B
Ni-Fe base | FENIX-700 | Ni-37Fe-16Cr-2Nb-1.2A1-1 8Ti
Casing Nbasei |IN617 Ni-22Cr-12Co-9Mo-2Nb-Ti-Al
IN 625 Ni-22Cr-9Mo-5Fe-3.5Nb-Ti-Al
IN 740 Ni-26Cr-20Co-2Nb-2Ti-Al-Fe-Mo
Blade Nibase |USC 141 Ni-20Cr-10Mo-1.6Ti-1.2A1 \
Volt U520 Ni-20Cr-13Co-6Mo-1W-2A1-3Ti-B
Valve M252 Ni-20Cr-10Co-2.5Ti-1Al-5Fe-B-Zr-C
X750 Ni-16Cr-10Mo-7FE-1Nb-2.5Ti-Al
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Fig. 3. Commercially developed Ni base alloys
containing Nb and some austenitic heat resistant
steels plotted in Fe-Cr-Ni tenary isothermal

section.
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Fig. 7. Stress/time to rupture curves of base and
modified Fe-20Cr-30Ni-2Nb steels together with
TP347H and Alloy 740 at 973 K.
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