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Development of a Sulfidation-resistant Ni-based Superalloy for FCC Gas Expander Turbine Rotors

by Hiroshi YAKUWA, Norio TAKAHASHI, Matsuho MIYASAKA, Shuhei NAKAHAMA, Shigeru SAWADA, & Toshio NARITA

A sulfidation-resitant, Ni-based superalloy was developed as a material for rotors of FCC (Fluid Catalytic Cracking) gas expander
turbines. The superalloy consists of 3.0 mass% of Al and 1.5 mass% of Ti and a basic composition of AISI 685. Its sulfidation-corro-
sion resistance is two-fold better than that of AISI 685, while its high-temperature strength and hot workability are equal or higher than

that of the same.
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Table 1 Chemical compositlon (mass%) and calculated y’" amount (mol%) of trial sulfidation resistant superalloys
y’ Ni Cr Co Mo Ti Al C Zr B Fe Si S P Mn
AISI 685 26.8 bal. | 1974 | 1339 | 423 | 300 | 150 | 0049 | 006 | 0.005 | 094 | 006 | 0.001 | 0.002 | 0.01
2.0Ti-2.0Al 267 | bal. | 1958 | 1333 | 423 | 203 | 204 | 0040 | 006 | 0004 | 1.01 | 005 | 0001 | 0001 | 0.01
2.0Ti-25Al1 302 | bal. | 1960 | 1341 | 425 | 202 | 249 | 0042 | 006 | 0005 | 1.00 | 0.04 | 0.001 | 0001 | 0.01
2.0Ti-3.0Al 34.1 bal. | 1974 | 1337 | 421 | 203 | 297 | 0043 | 006 | 0004 | 099 | 003 | 0001 | 0.002 | 0.01
15Ti-25Al 28.1 bal. | 1970 | 1354 | 425 | 153 | 251 | 0041 | 006 | 0005 | 101 | 005 | 0.001 | 0.002 | 0.01
15Ti-3.0Al 322 | bal. | 1962 | 1350 | 425 | 153 | 302 | 0041 | 006 | 0005 | 1.02 | 004 | 0.001 | 0002 | 0.01
15Ti-35A1 360 | bal. | 1960 | 1357 | 415 | 153 | 350 | 0.041 | 0.06 | 0004 | 1.00 | 004 | 0,001 | 0001 | 0.01
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respectively, at 873 K for 345.6 ks
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Photo 1 Back-scattered electron images and the characteristic X-ray images of the cross-section of AISI 685 sulfidized at 873 K for 345.6 ks
under an N,-3%H.,-0.75%S0, mixture, in which sulfur and oxygen partial pressures are 10~ % and 10 ~'*° Pa respectively

Cr, MomIZKELZZbLIER N LD o7z Tixld,
AISI 685 TiE#65 at% (Ff/8—t > b) ERE WV,
AMEEEITVTN L4 atBLFTHY, T/, AVTIH
FRIEDPKEL B BIZONTIHRAIT/NE L % AN
SN7ze —7J7, AR, AUVTIR %A 5122
NTHELLIKREL R, AISI 68513816 at% (5 T/3—
Y ) THBHOIK LT, 1.5Ti-35A1454TIE125
at% (JET78—t v M) ICEF TSN Tz, T/,
62 XIEH LD, ALRNMEDOSZ VWEaEIE, RNEH
DEEFZEDOVHRENRE L B A SNz, Yo
MRS, ALRIMENKE 2E6481E, WEA 7 — v
WAL S 52 IR E S &L I LI E 5 T,
T DG BT~ OILEZ Pl L 72720, &N~
BRESHHISNI-bDEEZ BN,

2-2-2 HEELOER5IRFY

811 KOKRGHIZ BT k64, AISI 685 D5 [5kik

X, 0.2%I77, WEWHH O R O R ) #4173, Ti
GHEVPHBREOAEM T, yEFKEVwdolzy
Gl S L 0.2%I I IE R E <, MRV i3S <
LAEMERLZ. T2, y mARBREOAER T,
TIGHEDVPLZ VL DI ETIREBS L 0.2%IH 1Tk E <,
W EAZ DN E L o Tz LA D I L T,
FTRTCORMEG 4D AISI 685 & [/ L Eo iz R L7z
A%, BIRIR S, 0.2%IH 712BI L Clid, 2%TiRma 4T
(Z25%Lh Eo Alins (FHE Loy =30.2%), 1.5%Ti
WG 4TI 3% Eo Aldsng GHE Eo y =32.2%)
WU TH D T LD h o720 NiZAlO ALY A M IZJET
PAZXORELTIVEETSH L, BAPKRELIALRY,
BRENKE L 5% RERTIE, RMEGED TIHRNE
% AISI 685 & ) A7 (B L7272, AISI 685 & [
HEOFIRBEZE L7202, LN EL Dy B0 EE
LholztbntEzZ oMb,

TN Z R No. 201 (2003-10)



HALF A8y 71— fim bt Ni L5 e o5

250| r 2 —LEs |

Total
200|
150

100| -
50| 1
ol
E o I 150
v E Outer 100
]DISH~ é -_%\‘\ RN
T o Ny O 50
&3 ~9 ©
X & 0
25
A ¥
20 . S
- YU
A ™ S
15 Aok - L:;: =
A | <
10 A N ;}5
5 i 1+ PR X
Intermediate & Inner 50
RAJE 40
Innermost

1 1 1 1 1 1 1
Ti:300 203 202 203 153 153 153
Al:150 2.04 249 297 251 302 350
(AISI 685)

G4 HhoTi, Al mass%
Ti and Al contents in the alloys

2 AMEASITER LS A r — Vg DR S
(N-3%H,-0.75%S0,H!, 873 K, 345.6 ks)

Fig. 2 Thickness of each corrosion scale layer on the
wrought Ni-20Cr-13.5Co-4Mo-Ti-Al alloys exposed in
an N»-3%H,-0.75%S0, mixture, in which sulfur and
oxygen partial pressures are 10 % and 10~ *° Pa
respectively, at 873 K for 345.6 ks
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Fig. 3 Average concentrations of S, O, Cr, Mo, Al and Ti in
the innermost scale of the Ni-20Cr-13.5Co-4Mo-Ti-Al
alloys exposed in an N,-3%H,-0.75%S0, mixture, in
which sulfur and oxygen partial pressures are 10 %
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Fig. 4 Effect of Ti and Al contents on the tensile properties of
wrought Ni-20Cr-13.5Co-4Mo-Ti-Al alloys at 811 K in air
TS: Tensile Strength, YS: Yield Stress at 0.2% offset,
RA: Reduction in Area, EL: Elongation
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Table 2 Chemical composition of the ¢ 500 mm disk of the developed alloy (mass%)

Ni Cr Co Mo Ti Al C

Zr B Fe Si S P Mn

bal. | 1958 | 1354 | 4.34 1.35 3.02 | 0.030

005 | 0005 | 054 | 0.02 | 0.0005| 0002 | 001

x3 AKHBESHEBERT « A 7 O RN
Table 3 High temperature tensile properties of the rotor of AISI 685 and disk made of the developed alloy
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Fig. 7 Larson-Miller master curves of the predicted time to 1%
creep by the stress relaxation testing for the developed
alloy and AISI 685
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Photo 2 Appearance of the ¢ 1400 mm gas expander turbine
disk made of the developed alloy
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Fig. 8 Stress vs. displacement plots for the developed alloy
and AISI 685 at 873 and 923 K
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Photo 3 Appearance of the gas expander rotating blade made
of the developed alloy
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Table 4 High temperature mechanical properties of the ¢ 1400 mm gas expander turbine disk and
rotating blade made of the developed alloy
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. . Creep rupture
Tensile properties (810 K) (518 MPa/1005 K)
YS/0.2% TS EL RA Time EL
(MPa) (MPa) (%) (%) (h) (%)
AR A
Specification of 725 1070 15 18 23 10
the rotor of AISI 685
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¢ 1400 mm disk of 792 1178 20.5 18.8 101.0 36.9
the developed alloy
ENHR TR Eoe T
Rotating blade of 788 1081 26.3 234 68.9 436
the developed alloy
T O BB TR L7288, 1.5 mass%Ti-3.0 % 2 v @
0 IS AT » = Ol J
mass% LT SATMREALYE, WiGRIE, K OB Tk 1) P. Dowson, D.M. Rishel & N.S. Bornstein : Proc. 24" Turbo-

DFRTIZBVTERAWITRLEN TV S LTS,
HALF A8y Fa— &b AL £ NG 4
& L7z REZESEIE, AISI 685 & [MFEEE o o B 45k
RO T2 A L2, IR ILE &k 2
R ERTW 2,

(2) REFEA4T, BEHES00 mmOEHRTF ANV F
BT A A7 BBiE L. SOFA A0 INLE
WD, 7)) — TR, A LAY I -
g Vb, ROV A Y T4 ATV —A X v il
#ATo722 2 A, AISI 685 L AL L2 ) — 7l
YR EWIEWEE SO LAz,

(3) ABFEAE4ET, HEA1400 mm OFEHET A T F A
YT TA A7 DBRGEICR Lz £z, TOTF AN
YETFART DY A6 R LB L, FALF
AN T T4 A7 & LT Ha e king iR EE, &g ik
WE, RO =T 5T Fx—EER LT,

B, AMLRAYTF 27—y arvillgkary 2y v b
TAATL—=AX Y FMRBOFENR, 7= 185574
Ay vay ROKRGERIELF ARV T T4 27D
B2 O W T Elliott Turbomachinery Inc.ft (3
Elliott Ebara) @ Phillip Dowson 2 1#7] % THW 725

S
AEERIEEED LD T THEEORIER O REERE
PERHIGZ AT A9 S50 L CTHW 72, HIZ @@ R E L

1213 U B ERERLR T OERRICHE 2 £5
%o

2)

4)
5)
6)

7)

9)

10)
11)

machinery Symp., p11 (1995).

J\Gtk, =, MGH C Zairyo-to-Kankyo (B1#h&ERE:), 48 (5),
299 (1999).

NSk, S, PR, R, K =N iR, No.188, p3
(2000) .

JUk, =I, J7, WH : Zairyo-to-Kankyo (F#}& B23%), 49
(7), 420 (2000).

JUEk, wEAG, tREE, 7, B =N EEH, No.194, p3
(2002).

P.H. Thornton, R.G. Davies and T.L. Johnston : Met. Trans.,
1, 207 (1970).

HAHBIM IS © "JIS Z 2272, &BEMB OGRSV — THER
Bk, (1993).

D.A. Woodford : Proc. of 6th International Conference on
Creep and Fatigue, p61 (1996).

J.J. Pepe and D.C. Gonyea . Proc. of Intl. Conf. on Fossil
Power Plant Rehabilitation, (ASM International), p39 (1989).
F.R. Larson and J. Miller : Trans. ASME, 74, 765 (1952).

The ASTM-ASME-MPC Joint Committee on Effect of Tem-
perature on the Properties of Metals, ASTM Data Series
DS7-S1 (1968).

TN 7R No. 201 (2003-10)



