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Hot Corrosion Characteristics of Cellular Precipitating Ni-Based Alloy
“DSA*760” with High Hardness and High Corrosion Resistance
Yoshihiko KOYANAGI, Masashi NAGAYA, Hiroyuki TAKABAYASHI

and Mototsugu OSAKI

Synopsis

Recently, technologies to improve the fuel efficiency when using natural resources such as oil, coal and natural gas are
evolving with increasing global energy demand. However, hot corrosion problems due to toxic elements like V, S, Cl and Na

from the fuel still sometimes occur during operation in plants, gas turbine systems and marine engines. DSA*760, our developed
Ni-based alloy with a composition of Ni-38Cr-3.841 (mass%) is expected to have good hot corrosion resistance and is applied

to severe hot corrosion atmospheres because it has a high Cr content. In this study, the hot corrosion behavior of DSA760),
especially resistance to vanadium attack, was evaluated. Even though the vanadium attack resistance of our developed alloy

was superior to conventional Ni-based alloy, Alloy80A, local corrosion was observed only on DSA760. Since the new alloy has

a cellular precipitated microstructure which consists of a lamellar structure by a-Cr and gamma matrix, the local corrosion is
supposed to come from the characteristic microstructure. That is, the lamellar a-Cr may locally impede progress of the vanadium

attack at the boundary of the matrix and the corrosive substance.
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Table 1. Chemical composition of DSA760 and Alloy80A.

Material Ni Cr Al Ti Fe C
DSA760 Bal. | 38.4 | 3.9 - - 0.01
Alloy80A Bal. | 19.2| 1.6 | 25 | 1.7 | 0.06

Table 2. Typical mechanical properties of DSA760 and
Alloy80A for marine engine valves.
.| Temp. |10.2% PS| TS EL RA
Material ° o
(K) (MPa) | (MPa) (%) (%)
RT  [1030~1150|1350~1400] 20~30 | 30~35
DSA760 773K | 750~900 {1050~1150| 15~20 | 20~30
RT | 800~1050 |1200~1450| 15~30 | 25~35
773K | 750~900 {1050~1250| 10~20 | 10~30
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Fig. 1. Effect of Cr content on calculated phase diagram

of Ni-XCr-3.8Al by Thermo-Calc software.



T RS> TR i £ VARAT I Ni #5442 DSA®T60 ORIRIE AR 67

MR a-Cr A (F1f) &y FHHICRIEE DS 30 nm LU T O fi
MZey WA H (BE) LI XTI THLZ &
WL LaL, SHETOHRSEY Y Tid,
EFAEO BT 2 TR E 2L T8, KIFZED
T X TR LB L OBEDSHEIT LT D, h
1, ARWFZE IS F ERLEL 2 EE L 722 &,
B L OHRLBIREA SN LSRR LT EE2 5
N5, HEH 513, DSA760 13 1073 K ##8 2 5 & 2
FATRBHMBIERT SO ZEEMELTEY, MR
MosxSEEE (89016 um) &, HEHS O EOH
W= LR —HT 5. T/, HLEMO AlloysoA X
y AHHI PR 67 nm (BE#E(R 75 £ 14 nm) ¢ AHOMT
2D 5N 5.

(b) Alloy80A
Fig. 2. Microstructures of (a) DSA760 and (b) Alloy80A
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Fig. 3. SEM images of microstructures of (a) DSA760 and (b) Alloy80A before hot corrosion test.
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Fig. 4. Appearances of (a) DSA760 and (b) Alloy80A after hot corrosion test from 773 K to 1073 K for 691.2 ks using
85 %V,0:+15 %Na,SO, ash.
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Fig. 5. Cross sectional microstructures of (a) DSA760 and (b) Alloy80A after hot corrosion test from 773 K to 1073 K for
691.2 ks using 85 %V,05+15 %Na,SO, ash.
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Fig. 6. Cross sectional EPMA analysis of (a) DSA760 and (b) after hot corrosion test from 773 K to 1073 K for 691.2 ks

using 85 %V,05+15 %Na,SO, ash.

3. 2 BEICHLIFICrENEE
—MZIZIE, NF VT ABREICrESLZVITIEEN
%"V Z ¥ H 5, Thermo-Calc % il \» T DSA760 3 &
% Alloy80A @ 873 ~ 1173 K 12 BT 2 KK B & U°%
MO CrExFIHE L7 4B, 1 mol% LT DA
WZDW T A 544 L 72 Fig. 7 12, DSA760 8 X
O Alloy80A @ 873 ~ 1173 K 12 B 1 % HHE & 7 = .
DSA760 (% a-Cr, v, yH @ 3 TEICHER S, 873
~ 1123 K O#HFTIE, BESEFTLEEBIZY HB
L a-CrMi2sA L, yHPHEMT 5. %28, oCrif
(&, SR EEIROEESHFIET 5755, [T Th L5720
FHECIZENS R —0b DL L. —7, AlloyS80A

&, yHE Yy P ELREEAATH Y, DIFHIC MuC, R
D RALY BT 5. Alloy80A b DSA760 [l 1 873 K
~ 173K O#EPHTIZIRED LA L & b1y M
L, y 2N 5. Zhud, y HIEERIE S y MR
BT 5720THY, SHOREBRGREHFTIX, BT
IEET 5 b OO ILZAL L %2 \v>. Fig. 8 12
FHNZBT S CriZEa /"7, DSAT60 O a-Cr i 1Z1F Cr
(>98.0 mass%) THEL SN THBY, yHA 121X 266~
28.7 mass% O Cr A EBEL CWBEHE 2D, —J7,
AFRIE 43 C 20 mass%Cr & C & % Alloy80A @ y #i /o
% Cr 513 214 ~ 234 mass% & 5HE &, SRR
7% 38 mass%Cr D DSAT60 1%, #iEB & BALEREC



By SC> R AV IRAT B Ni

BIRB L OBIRD a-Cr #HZHIC Cr AHE S, y M
D CrmlEmAP T 5 H DD Alloy80A L V) 1Ly D Cr
#1134\ Fig. 912 973 K T 691.2 ks F£¥F DSAT60 B
X OF Alloy80A D /N F T A Ji it BR 1% 0 SEM Bl %3 ik
RERYT. TNFE TR/ L 512, DSAT60 Tl AKX
S8 DONERC RGO SN DA, i EKISE DR
HHBIZ T L — MIROMIEAFED 515, EDX AR LD,
7L — MRAERIZIZIZ O THERLS NLCB Y, vk
BTy MHED) PIBERICEALEBIRa-Cr e

AbNb. T, RWMBEEIBB X ZH~ 10 um M
TELTBY, TR a-Cr HHOSMHIZH LT 5
MiCriZENWNF Dy MG a2 RS P Y 2k
1.0
-y
0.9 - -
— = -Cr
0.8
0.7

0.6
0.5
0.4
0.3

Mole fraction of each phase

0.2

1123

Mole fraction of each phase

A4 DSA"T60 O i S 71

NE, KRBV THIRE L UOBIRD o-Cr HITE
EEASNT, M MIZ Cr &0y y ELIE
Bz EEZoN5. yHIZEIR a-Cr DML
T5720, BEIIHIR a-Cr Z#1F, BiK a-Cr OERM%
ETT 2720 RANLEENELRTEEZLLNL.
—77, Alloy80A IZIZITyHDO 72D L D CrED
Bm L, BHMICEENETTLIEEZONS. &
B, DSA760 X Cr & DR\ y HOEEICBE S NS
TOREEAEDOIEEL 7 525y P @ Cr #:13 Alloy80A
L0 EVZD, yHICBWTHM NV 2 &I
BNDLEEZOLND.

1.0

0.9
0.8
07
06 |
05 |
04 f
03 |
0.2 --------~--~--~~~~~

- -

01 F

S emms o epum o emme o epun o emms o eus o s o empw o emm o

0.0

873 923 973 1023

Temperature (K)

(b) Alloy80A

1073 1123
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Fig. 9. Cross sectional SEM images of (a) DSA760 and
(b) Alloy80A after hot corrosion test at 973 K for
691.2 ks using 85 %V,05+15 %Na,SO, ash.
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Fig. 10 Mass loss after hot corrosion test from 773 Kto 1073
K for 691.2 ks using 85 %V,05+15 %Na,SO, ash.
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Fig. 12 Arrhenius plot of parabolic rate constant of each
alloy after hot corrosion test from 773 K to 1073
K for 691.2 ks using 85 %V,0;+15 %Na,SO, ash.

Table 3. Activation energy of corrosion growth.

Material AQ (kJ/mol)
DSA760 145
Alloy80A 74
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