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Alloying Effects of Cr and Re on the Hot-corrosion of Nickel-based Single
Crystal Superalloys Coated with a Na,SO4-NaCl Salt

Kazuhiro MATSUGL, Masahiro KAWAKAMI, Yoshinori MURATA,
Masahiko MORINAGA, Natsuo YUKAWA and Takeshi TAKAYANAGI

Synopsis :

The alloying effect of chromium and rhenium was investigated on the hot-corrosion resistance of nickel-
based single crystal superalloys. Using a conventional thermo-gravimetric method, hot-corrosion resis-
tance to the Na;SO4-NaCl salt environment was measured with a variety of alloys, Ni-(9~16)mol%Cr-12
mol%Al-(1.2~2.0)mol % Ti-(1.1~2.7)mol% Ta-(1.2~3.8)mol % W-(0~1.0)mol % Mo-(0~1.0)mol % Re.

Hot-corrosion resistance was shown to be improved significantly with increasing chromium content in the
alloys. For example, a hot-corrosion index which was defined as the weight gain of the specimen exposed
for 72 ks to the salt, was reduced to nearly nil in the 16 mol% Cr alloys. This result was interpreted as
due to the existence of a corrosion product layer containing Cr, Al, Ni, O and S. This layer formed in the
interface between the base alloy and the salt was very efficient in suppressing the hot-corrosion due to a
basic-fluxing mechanism. Similarly, it was found that the addition of a small amount of rhenium up to 0.4
~0.5mol% could improve hot-corrosion resistance remarkably.

Key words : nickel-based single crystal superalloys; hot-corrosion; accelerated oxidation; NaySO4-NaCl
salt ; Re containing alloys; Cr containing alloys; basic-fluxing; acidic-fluxing.
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Table 1. Nominal compositions of the ex-
perimental alloys containing chromium in several
alloying levels.

Composition (mol % )
Al Ti

Alloys Ni Cr i Ta w Mo
TUT 101 Bal. 10 12 1.2 2.7 2.0 0.7
TUT 102 Bal. 10 12 1.2 2.3 2.5 0.9
TUT 103 Bal. 10 12 1.2 2.0 2.9 1.0
TUT 131 Bal. 13 12 1.2 2.2 1.6 0.5
TUT 132 Bal. 13 12 1.2 1.8 2.0 0.7
TUT 133 Bal. 13 12 1.2 1.6 2.4 0.8
TUT 161 Bal. 16 12 1.2 1.6 1.2 0.4
TUT162  Bal 16 12 1.2 1.4 1.5 0.5
TUT 163 Bal 16 12 1.2 1.2 1.8 0.6

Table 2. Nominal compositions of the ex-

perimental alloys containing rhenium in several
alloying levels.

Composition (mol %)
Al

Alloys Ni Cr Ti a w Mo Re
TUT WT8 Bal. 10 12 2.0 1.2 3.8 — —
TUT WRT8  Bal. 9 12 2.0 1.1 3.8 — 1.0
TUT 101 Bal. 10 12 1.2 2.7 2.0 0.7 —
TUT 82 Bal. 10 12 1.2 2.1 2.4 0.8 0.05
TUT 311 Bal. 10 12 1.2 2.7 2.0 0.7 0.1
TUT 312 Bal. 10 12 1.2 2.6 1.9 0.7 0.2
TUT 31 Bal. 10 12 1.2 2.6 2.0 0.7 0.25
TUT 313 Bal. 10 12 1.2 2.6 2.0 0.7 0.3
TUT 314 Bal. 10 12 1.2 2.6 1.9 0.7 04
TUT 321 Bal. 10 12 1.2 2.6 1.9 0.6 0.5
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Fig. 1 T, RERBFH 72 ks RICBVWTHIKK, BAEE
EHEMEOLZV, 13mo%Cr 2044 (TUT 131) @
72ks BRIZB B, WEAERYEOWREHAMEE ZTED
Fetk X #1% % Photo. 1 IZ/R¢. AEGEIZBWTEHT
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J&, Cr, Al, Ni, O, S* &G GREIEMLL, 0ol
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, MEEIRLBUFTH- 72580 —>ThbH, 16
mol%Cr Z D454 (TUT 161) @ 72ks RIC B A IEA
A RE O WAL & B ITE 0K X #1% % Photo. 2

Photo. 1. A SEM image and the
corresponding characteristic X-
ray images of each element in a
cross section of the Ni-13Cr-
12A1-1.2Ti-2.2Ta-1.6W-0.5Mo
(TUT 131) alloy coated with a
Na,S04-45mol%NaCl  salt and
then exposed to the dry-air
stream of 8.33 X 10 ~ 'm%/s at
1 173K for 72ks.
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Fig. 2. Effect of chromium content on the weight

gain (H. C. I) of Ni-10/13/16Cr-12A1-1.2Ti-Ta-
W-Mo alloys coated with a Na,S0,-45mol% NaCl

salt and then exposed to the dry-air stream of 8.33
X 107 "m?/s at 1 173K for 72ks.
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Photo. 2. A SEM image and the
corresponding characteristic X-
ray images of each element in a
cross section of the Ni-16Cr-
12A1-1.2Ti-1.6Ta-1.2W-0.4Mo
(TUT 161) alloy coated with a

Nay,S0,-45mol%NaCl salt and
then exposed to the dry-air
stream of 8.33 X 10 ~ "'m%/s at

1 173K for 72ks.
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L0.1 4 2.0Ti-1.1/1.2Ta-3.8W-0/1Re alloys
3 TUT WRT8!  coated with a NaySO,-45mol%NaCl salt
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of 8.33 X 10”7 "m3/s at 1 173K for 72ks.

Photo. 3. A SEM image and the
corresponding characteristic X-
ray images of each element in a
cross section of the Ni-9Cr-12Al-
2.0Ti-1.1Ta-3.8W-1Re (TUT
WRTS8) alloy coated with a
Na,SO04-45mol%NaCl salt and
then exposed to the dry-air
stream of 8.33 X 10 ~ 'm%/s at
1173K for 72ks.
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Fig. 4. Effect of rhenium content on the weight

gain (H. C. L) of Ni-10Cr-12A1-1.2Ti-Ta-W-Mo

(0~0.5) Re alloys coated with a Na;SO4-45mol%

NaCl salt and then exposed to the dry-air stream
of 8.33 X 10”"m3/s at 1 173K for 72ks.
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F® TUT 31 (Table 2 ) OB &M B X, # Re
DEFEEME 1173K OBERIER~ 5.4ks RIEL 2.
Z0&%, TUT 31 OBARE XM 0.01kg/m®* TH -
7%, i Re XiAELTLE o7,

DEo#ER LD, Re DEE{LY id Basic-fluxlng I
L oT, BREDICERT S LE 2 5150t (NaReO,
DHRK), Al,03 @ Basic-fluxing # #i1¥ % £ T2z £ -
Twiwv, 5T, Re B, BRUEEAICH L TK
Pt B L id#E iz,

—Fh, = r VEBEELBEEC T tR®NTAH 2L

Fig. 5. Results of the accelerated oxidation
test using Ni-17/17.5A1-2/3Re alloys (poly-
crystal) coated with a Nay;S0,-45mol%NaCl

0. 3 T I T T T T
‘:E\ Na2504—45m017NaC1 .
\&0.2- 1173K, Air(8.33x10 'm”/s) Ni-17A1-3Re
=
Ni-17.5A1-2Re 4
Q 0." 1 e
=
2
\ L ]
05 i 2 3 4 3 6

Time (ks)

salt and then exposed to the dry-air stream
of 8.33 X 10" "'m?/s at 1 173K for 5.4ks.
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THBIE IS 2R EME R BT 525, Ti 2 1.5 mol%
DLERMNS % & 20 2 » THAEMHEHILT 5 & v ) FHEss
HBHMY. F7: 0.4~0.5m0l% ® Re ¥ EIMT 5 &
T, WEAE ST AR EEOR EA-S DI L
(Fig. 4 M), 35 RE4E&TIX, 2mol%, 3mol% »
Re ZifN4 % 2 & C, AT AAEMEGLA
Hb L7 (Fig. 5 ). 2O L3 lrRas
O TIEFEIIEFFEC & Vs, Ti mNoB4 &g
HHbEZ SN D, ZOHE, WEEEIAHTH S

A5, Ti, Re & ISR TERMIE I 2 it &4
FLAMETAI L, HELWHEHETHS,
5 & B

=y VIR BRSO 80, NapySO,-NaCl Rl
T AR AR LRSI LR EME LT, Bl
BRIGICB XITT, Cr 8L Re DFRIC >V THES
L7z, DT OfRHR ST,

Z13mol% BL 16mol% LML TV LT, &
GOEBIE AT A At E L. i, Cr % 16
mol% HIN+ 5 2 & T, HERBFE 72 ks 1% 0 ML I 24
YDOFREZHEMETH A, H C. L OEIZIZITEL
0, FELBEKSAELLE 2o &l Cr 28
13mol% LLEHEINT 52 & ¢, 10 mol%Cr RE4L TR
NP OBEL AT 5 2 L 2L Twh, §4
bbb, CriglEDEME &b, FEIEVIEEERY
L LT, Cr, Al, Ni, O, S & tEBA4MN 2R,
CORBOFEIL Y, A4 L GRE E OBAH7-h
Basic-fluxing & 7V IZ L 729 RS ASFHI- S - 2 &
& EEZLNS,
(@ONi-9/10Cr-12A1-1.2/2.0Ti-Ta-W- (0 ~ 1) Re (-Mo)
AEECBVT, Re DRMEE & HI2, H C L Ol

FFE LT L, 0.4~0.5mol% Re ifINT, #Ofifiid

IEEICR Y, BEFERMEIEL L.

TR ) S AL BRI 8 510, A

CET S o CHERTIETEL CGRBUR KRB HUR) (21t

DEERLEY. 4B, KBRS ORAIETE
Bi&o—#e LCitTbh7zb0Thhr L 22 LT, #
BrklLid.
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