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Elevated-temperature Strength and Hot Corrosion Resistance of
20Cr-25Ni Steel for Tubes in Ultra-supercritical Power Boilers

Tsunetoshi TAKAHASHI, Mizuo SAKAKIBARA, Masao KiKucHI,
Tadao OGAWA, Satoshi ARAKI and Teshio FuiiTA

Synopsis :

The two oil crises of 1973 and 1975 spurred the development of ultra-supercritical power plants for
greater energy savings by higher steam temperature and pressure. The development project has been
mainly led by the Electric Power Development Co. Ltd. in Japan and Electric Power Research Institute in
the United States. Since the existing steels are not strong and corrosion resistant enough to meet the
intended application, it is a pressing need to develop high-strength steel for boiler tubes that can
withstand the intended ultra-supercritical steam temperature and pressure. After study of solid solution
strengthening of the matrix, precipitation strengthening, prevention of sigma phase formation and other
factors involved in austenitic heat-resistant 20Cr-25Ni-1.5Mo-Nb-Ti-N steel has been developed. The
steel has creep rupture strength of over 88 MPa at 700°C and 100000 h and excellent corrosion resistance,
and can be produced by continuous casting.

Key words : ultra-supercritical power boiler ; superheater material ; elevated-temperature strength; creep

rupture strength ; toughness ; steam oxidation ; ash corrosion ; weldability ; weld joint property.
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Table 1. Chemical composition (mass% ).
Elements B
. C Si Mn P S Ni Cr Mo Nb Ti (Cu) N
Steels
Range [0.04~0.12 =1.00 =<1.50 =<0.030 =0.010 22.0~28.018.0~22.0 1.0~2.0 0.10~0.40 0.02~0.20 0.002~0.010 0.05~0.20
20Cr-25Ni 0.07 0.39 1.01 0.012  0.0009 25.22 20.05 1.56 0.27 0.06 0.004 0.18
rreoldl 0.07 0.44 0.96  0.010 0.0003  24.84 19.65 1.44 0.26 0.04 0.005 0.15
17-14Cu-Mo 0.11 0.53 0.67 0.015 0.0012 14.50 15.90 2.5 0.43 0.24 (3.1) 0.01
TP347H 0.07 0.41 1.56 0.013  0.003 11.30 17.80 - 0.72 - — 0.01
TP310S 0.06 0.50 1.59 0.015  0.001 19.80 24.71 — — — — 0.05
Electric AOD L' Continuous|  |Hot Cold
Furn.ace Refining Casting Extrusion Drawing
Melting
— Solution Straight-
New Techniques |Heat erﬁng | Pickling —>1 Inspection Fig. 1. Manufacturing process of boiler tubes.
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Table 2. Coefficent of thermal expansion. ZfFiE MTHME BIEIFRIFETHH I L2 O, ZOFIgHk

Temperature —6 /0

C F) 107°%/°C
25-100%77*' 212 13.6
25-200(77~ 392 14.1
25-300(77~ 572 14.9
25-400(77~ 752 15.5
25-500(77~ 932 15.9
25-600(77~1112 16.2
25-700(77~1 292 16.7
25-800(77~1472 17.1

Table 3. Thermal conductivity.
Temperature §/em-°C-s
‘. (F)

202 638 0.125
400( 752 0.197
55051 022 0.217
700(1 292 0.273

Table 4. Specific heat.

Temperature o
‘' (F) Ve C
20( 68 0.456
100( 212 0.490
200( 392 0.515
300( 572 0.532
400( 752 0.544
500( 932 0.557
600(1112 0.607
700(1 291 0.628
800(1 472 0.632

0.2%P.S, T.S (MPa)
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Photo. 1. Microstructure of 20Cr-25Ni steel.
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Fig. 3. Stress versus rupture time of 20Cr-25Ni
steel.
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Fig. 4. Creep rupture master curve by Larson-
Miller parameter.
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Photo. 2. Microstructure of creep-ruptured specimen after 700°C X5 000 h.
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Fig. 5. Change in absorbed energy at room
temperature after aging at 700°C.
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Fig. 8. Hot corrosion resistance.

#ERET Fig 11 ISR T. FMEA1BXU 2% I2B1F 5
BEANRESEA 751 PEHOBAERT VL A&
F%ThH 5.

RICHEGIT LD TIG BEMOMHE O~ 7 0 B3
7 OMBBISRICLY, ~surSeyy, 3r0sr59
HIZEN LR ENT. BESBOEEBEZ L
Kb L@ vk, ettt —25F+4
ThHh.

HEWTEIAE b BB FE 513, B4, HAZ SR U
BERMETELTY vy b —AFE 220~250 T, BEHH
BRSO EZ D572

600°C~750°C (2 BT 5 7 ) — T RERKE R %,
LMP I X DB L T Fig. 12 R $. B0 2H1C
B D27 ) — THEEE % ¢ TRIRNOR Y. RRmkbT
BRI, 9000h (ELTH Y, BEMTirE X, EEE<T
BEELTEBLEETHAHS, 5000h LE2h s &R
HICRITLTwA. 700°C, 10 5 h © 7)) — 7Rkl
FEix 90MPa L E%IR L, BEFFIBMERASEU LD

800 BELHELTCWDL I Lhabhsh.
o EER LM 650°C, 350 KEND T T, BRAREORE
5 800- 1 R 50°C BB D T00°C IET B EE L BN, BR
E %1k 566°C, 246 REDBHRE A1 7 CHM D
@ 00} i 347H S OF [BREFFIL I 26, WFEB K UMHEIZ X 5,
8 IR 620°C 2B B 10 5 h © 2 ) — FRERTME &
% 88MPa & 2 5. fit-> T, BBEREXRA FIIBVTIE
gam— 1 700°C = 5\ T 88MPa Ll L 7 1) — FHEWT R e S REE
shiig, BEFRERASI1ICB15 347TH | & 1312E%
0 ! | L DA XTCOFERAXTETHHLEEZONSL, K
15 20 eb 20Cr-25Ni 813 88MPa DMBE* A L T3 ) BMBERE
Cr Content (mass %) KA T ~FERIE Y A XCOBANMBE RS, ki, B
Fig. 9. Weight loss in hot corrosion versus REBBERERA 5 OARIKBERECB T AERYE
chromium content. RO 725121, 310S 8 & %D FOR A A LET
. [T7-14Cuwo]
S 100 Corrosion Product Metal __ Corrosion Product Metal
c ~ ' ! = 1
2 Original-» Original Metal—~ [ ]
= Metal ! Surface P
2 5| |Surface | i N
® P ]
D — 0 —_
£ o s o
§ for .: i Fe
E Fe —
= 40- -
403 __‘ _NL‘ HIB1 Cr
5 ol §__L_:r_‘“"' Cr | —mme—— =N Fig. 10. Schematic EPMA line profiles
o at corroded portion.




1138 B & W E 76 4 (1990) ¥ 7 H

= Strain: 1% | Strain:2%

£

E7t

2

e6[

§i

ks

s4r I

2

o 3r

o

ger ¢

w©

B

—O—t+—+—t+—t——t :E

Z

% Eg e £8 ' &

i) ™ om0 %5(‘5

h|l oo [ =
— - « ~ F

BGEOMAMR EICKE 2ZFERLT OO LHFS
5.

4. ¥ & &

B BB L TS X » 858 X h 7 20Cr-
25Ni-1.5Mo-Nb-Ti-N @B X KW EE R 712817
HEREMOBREBELICH L TERZRIRRE, B
HErE, WKEABRCES X UTARKEREBENE, <
LCENRLBESES X CBESTREL AT 5 LR
ahi:, KHIAREBBERERA FORKAT v 7
TH5b 650°C, 350 IEDNPEREMH I L THECVIHANY
AT ABHBEMETHY, HFARAM TEBDOLDIT
KELFGETAMBCHD LHIfFE NS,

X [ 13

Fig. 11. Hot cracking susceptibility in welding.
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