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Hot Corrosion Behavior of Intermetallic Compounds of
Ni-Al System in Fused 75% Na,S0,-25% NaCl Salt
Ken—ichi ONIsSAWA, Mitsuo CHIGASAKI, and K& SOENO
Synopsis :

Hot corrosion behavior of intermetallic compounds NiAl, NigAl, Niy(Al, Ti) and NiAl4-Cr in a fused
75% Na,80,~25% NaCl salt has been investigated in the temperature range from 700° to 1 000°C in com~—

parison with that of Ni and Ni-base superalloy IN-738LC.

The results obtained are as follows :

(1) The corrosion loss in weight of NizAl and Niy(Al Ti) is much larger than that of NiAl, Ni and IN-
738L.C. For NiAl and IN-738LC, the peak of corrosion loss is observed at 800°C.
(2) Oxide layers such as a—AlLOj; and Cr,O, formed on the surface of NiAl and IN-738LC above

850°C cause a decrease of corrosion loss.

These oxides, however, are not protective completely, and the

internal degradation such as oxidation and sulfidation is observed.
(3) On the surface of NiAl+(20~40) 9%, Cr , a—Al,O, forms even at a low temperature (~700°C) and
restrains the permeation of the fused salt especially the sulfur into the specimens so that the corrosion loss

and the internal degradation is reduced.
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Table 1 BRI L7 NiAl, NiyAl, Niy(Al, Ti)
¥ XU NiAl ~ Cr 2500 LR ok Em e R
NiAl (X2BEC 4aty BEOKR HERKEY 515
725, S0atZ Al obFEEFRME & L. Nig(Al, Ti) T
2 Al @ 10~50at% % Ti TEBBRLTW\A. Fi
NiAl wiiin L Cr iz 10~40at% ThH5. &3R8
RIENRERE 7 - 7 BEMF X b Ar FEKFTTH
Thi 30g FOBBM L. TOHFETERTHE, B
IBEAEE R b OB b Z & FHEER THEIDT
HBHDT, LTFHBIITRCEAMETRT. BREERO
#EEIX Ni:99.987%, Al:99.999%, Ti:99.487%,
Cr:99.49% ThH 5.

WRBIe NiAl, NigAl, Nig(AlL Ti) &2\ Tik
1050°C ¢ 24h, NiAl+Cr Zizo\WTit 1190°C ©
17h OEBE/LAES 1x10-35 Torr © B2 CIFD 7.
ChHOFRECREDWIIC X ) Smmx5mmx8
mm DR EFIH L, HEES L THRHELL. &
BB L LTH Ni G 99.987%) 3 X0 Ni B854
IN-738LC 4 f\+7-. Table 2 & IN-738LC > {b34H
REs L.
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Table 1. Chemical compositions of specimens used

(at%).

Ni Al " Ti Cr
NiAl 50.0 50.0 — —
NijAl 75.0 25.0 — —
Niz(Alg.sTig.1) 75.0 22.5 2.5 —
Ni3(Aly. g Tiy. ) 75.0 20.0 5.0 —
Niz(Alg.5Tip.s) 75.0 12.5 12.5 —
NiAl+ 10Cr 45.0 45.0 — 10.0
NiAl+20Cr 40.0 40.0 — 20.0
NiAl+30Cr 35.0 35.0 — 30.0
NiAl+40Cr 30.0 30.0 - 40.0

Table 2. Chemical composition of Ni-base superalloy
IN-738LC (wt%).

C Ni Co Cr w Mo
0.12 bal. 8.29 15.74 2.60 1.76

Ti Al Fe B Zt Nb+Ta
3.25 3.26 0.21 0.015 0.069 2.29

¥ 24h LEo BAETCIIIESE 128 %, & 15cc
D7 N3 FHEBEDOIFEF~FEE EDCEALTRE
CH L. Bk, RBRECER LicAr r —AkbhEk
L, BRCIHZ>EERSEXYRAOEREN TH L
I OTHBMELYTE L. Ar -1z CAFEEA >
— VAR LS 1, F3 18%NaOH+3%KMnO, 7k
BHRPTHShEBEHRL, hkic 10% r=vB7ve=w
LAKBBRPTHL hZBH LB, 71 ¥ 75 v2BWC
T Toth. ERF(LAEOMc, BARRBREZORE
DWHEIBEZE, XMA S, REEREICAR LicA 7 — 1
OXPET I EX T 0% Ay — A0 XBEH CLLEah
WNBET 5 EEPFEREMEC I B DT, REeBBic
THE L, BEEYBRE LB mEiT Ui

F 7B R ORI % 38X 5 7o 1 100°C Dk
T 300h B L CERELE KD . BIEA Yy — 10
BREEIERRBOBEOMA r — L LRABETHS.
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IN-738LC 7 i leBi L T2 L< £ <, NiAl ki3 2
Al % Ti TEBRTZEE% 10~50% L#¥nxes &,
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Fig. 1. Effect of test temperature on corrosion

loss of specimens immersed in the fused 759,
Na,S0,-259% NaCl salt for 6hr in the air.
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Fig. 2. X-ray diffraction pattern of NizAl surface
after the hot corrosion test for 6h at 800°C.

surface

Bofam L. Ni, NigS, % X0 NiO oEIFEHNE
»ohhb, Tihib, Na,8O,-NaCl RERIEIC X 58
B FILE BLE e X oTETL, SEOEEETH
Na,5O, NFELREHYRIT o ENABRDS. ik A
b — AOEE Y —RIE, BET 5 E, NiO BRI
Mg, NipS, & Ni D& EigDf. Lica>T NiO
BELELTAY -~ VORMMCHFET D EEL LIS,
NiyS, & Ni OFFERABOBA ¥ — VB EZI 3 X
BEP Ch I icBlE X htz. Photo. 1 (3 800°C T 6
hig R L, X iayr — U84 707 NigAl
DOETHEE S X O XMA SR TH 5. RECH LT
#912° DHECHEYRX LTWA0T, = OHEIIEEN
i 95 fEc ik Licd DIEE LTv5%. Photo. 1
(a) D¥FEMEE L, O, RERITTHROSBH

surface _
scale NzAl | scale NizAl
e I :

(a) Optical micrograph (b) SEM image, and X-ray distribution images for, (c) Niy, (d) Al, and, (e) S. (x520x% %)

Photo. 1.

Slant cross sections of Ni,Al after the hot corrosion test for 6h at 800°C after descaling,
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Ry 275y v VBRETHES. L2 T Tz X4E
FTH@H i Ni HEE 2 bh, NigAl 75 Al 3
BB LR IDTHHINICERDENTESL. B
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THBEIh., —FHRAHS) X NI LAl EFE
L, SHHi4CEMHELTWS. XBEFERLEERETH
g, B Ni, NS, 5100 Al 2&HTHHWED
EAEf L HEI NS, Al 13 Ni LR BhEic
AL E LTHEET S LA BRbh, Photo. 1 (d)
(e)T AlDSHESORMELLT L 13 1 @i
LW ievs o &, Na,SO,-NaCl R h iz OniE
B S OFBECHBE LT REWE Fxbhb o 101D
Al OEELWIBRAL LB U T BRI R E Z &,
B X iz NiAl, IN-738LC 034, A& — i
ALO; P XA Z E3H2TH Al Db HRE
Shichotoz e En b, Al 3 ALO; &g
T AHEIEEMEA VY. F 7o Al 23 ALO; & LT Na,SO,
D O LRI IS E 3, BUG FE8 O % altE + T
XS DERAETO T, Ay — AT NiO 2z &
AETFHERT, NS, & Ni &AM I i HE
T¥ %, Ni-Ni;S, Hi} 650°C ot &S5 % HT 5D T,
AEAEEE (800°C) Tk Ni & SHFHL & T AN
REIFEIC FEL, ALO, AR &b/ d RBtoft
Al WX oTHEREh NI 22ECHELTDL D
L#EL LR, kA yr —ADXEEW T ALO, 73R
B ohieh2eDid, $0%E ALO;, HXFREYT T
HEhhWEEOMMINTRICIKDOTHWHLHTHA
5.

BARBREOMN Ni RECERIhA-Ar — 10X
El#rAs bt NigAl 04 & B, NiO, NS, IO
Ni pMRZE I i, 7o L NipAl @ 8 LT NiO o [F]
PFoRE PR <, I NigS, 1185\~ F 7 NiAl T NiO
BEELTAy — A0 KREPE FLE LT & £

T NigAl 2 BE 3% Ni & Al © Bkl NiO 1Y AlLLO; ©
800°C i ¥} AEAMAR IS B = 2V ¥ — i3 21 ¥ 41 —35 kcal/mol,
—320 kcal/mol BETH b, NiO ITHIKL T Al;O3 MEL L%
ETH 5.

D, # Ni TRy - VOEEDBLYRE LB
NiO o EHIFED bl Tib Na,SO.-NaCl %
BRNEF BT 5 BARZEBHIIFRIC Al BEFI B
EHTREL R, Al #8835 NiAl Tiz EaR L
X 5 RIGEREEETON Al It XD TEBEMTNE
ShBIcDTERILFABOB Al & xhicd 3 7e>TH
Baht Ni ot X > CTERT%. —Fi Ni ©
i Al X2 ODEEEMHEE N L BRI Ni ORR{EA
b Bicdic Fig. | THREISCBAEED Pt
V. ek NIiO Il LT X h RERBILYE R T 5
TCEELL D Al L RIEREETD GHTEBD L7 b
LW EOT NiO 4RI, Ni ofifbiingE
THEHEEZINS . & X Ti ofg(bip TiO, 1x NiO
WCHB L TRET??, Lad ALO; X0 d 1 FEFYHH
DODHEENZ 2D, Nig(Al, Ti) T2 NizAl &tk
BLTEHIC Ni oF{LAMEHEZ h, BRELLL 2D
ek bhb.

NiAL i3l B~ NBAL c i LU R L2 ER
TV I DC, X LEREORBR T ok, Fig.
3 REAEN KEE R L 800°C ¢ NiAl ¢ IN-
738LC % 6~96h REE LIS R CTh 5. RERFERIN 64
h¥cogs, NiAl oEgaErr IN-738LC w1
Thtigwds, 88h%uiBx b L2 LT IN-738LC X b
bREL D, BBBEOREL BRI TEHELTAS &
NI-738LC TiXE&y Skl&ms b L TFr0 /L,
NiAl Ty MREEESBB L, BizLhsfiksio
TR EFBRABHIIEMLIZUH S 88~96h % TIRE4L
HABEIN B0 bRt /o3 96h BB D
SRl XgElEHric & huE NiAl, IN-738LC L {1c R &
— ik NiO, NigS, X0 Ni 27 %,

Photo. 2 12 800°C ¢ 96 h RERIEME A » — L ALFE A

<500 - 100 o
£ Corrosion Loss o
o -o- NiAl @
o400 o IN-738LC__o4 (80 G
| T o
& 300 160 5=
§ _ ¥ Thickness of Al-or ) ?1:'9 g
o Depleted Layer ] =
c 2001 ’ -@- NiAL(Al) 40 k3
S -m- IN-738LC(r) T
2100 120 ]
=
= . . e
0 20 40 60 80 100  F

Time (hr)

Fig. 3. Variation of corrosion loss and thickness
of Al- or y'- depleted layer with time in the hot
corrosion test of NiAl and IN-738LC at 800°C.

T2 TiO; @ 800°C iy AHEAEAER B H < 2 0¥ — 138 —170 kcal/
mol Th 5. . -
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Ni
Al

scanning
line

NiszAl
NiAl(low Al)
NiAL(50 at% Al)-

. 9 9
(a) Optical miorograph, (b) SEM image and X-ray distribution profiles for Ni, Al and 5. (a) (x400x E).(b) (x 840 1—0).

Photo. 2. Slant cross sections of NiAl after the hot corrosion test for 96h at 800°C (after descaling).

o7 NiAl oEEHEGEOS Th5. EHLHECEH
NiAl LR BKEOHENTFEL, X LRFKRMCEHEH
DI—ERAF3E LT\ % . Photo. 2(b) D XMA 21z X h
A NiAL 2 IR GEHCA S & AL EEIR LT
AL, e Ni@BERENTAERTHL. ZORBER
A XEBEIF Licd 25 NiAl & X 08 NLAlL oEIFE
28 Sk, NiAl ORIFTHIZEH O NiAl T H#E LT
BAEMNCTRTEY, TOBTFERZHLTHITHEL
2T b, L2 TIREHIRBHM O/bZEEHER D
NiAl & v 3 Al @BEOE NiAl (low-Al NiAl ¢ 0f
D) ThHY, Flhro EFEME L Bk NAl
LEZ RS, 2% b NiAl T4 NiAlL L REERAED
B Al B&ErE U Twb oz &b R%. NiAl ek
U A {bEERERAHE COMEI I Ni 2 Al o —F
4 vZ LT NAl 4RI IBERECDIBEEZINIT
¥} b, NiAl H B} 5B TFRIGEELEFBRENE
B CAEFC BT 5701 LuvvbhTuwd., ki
Photo. 2 T low-Al NiAl iz e+ % B AULE
WA FB X5 BEGE, HIEEBLcIs30THS.

Photo. 3 (2[d L<{ IN-738LC oWiEELG TH5. &
EFRoETS 7 HIRKERESTHEELL, Thebblk
Al, B Ti 2 Lo oA Eatn Ni BEEfkstoT

surface Cr sulfide

7-depleted layer

Photo. 3. Cross section of IN-738LC after the hot
corrosion test for 96h at 800°C (after descaling).

9
(><400><E .

Wh. Fig. 3 i NiAl w58 Al B Lot IN-
738LC kLM v BOEIIFLICBE v B
Al BB LThish [Evs.
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ko X 51 NiAl oS HBERITET ALO;, @
R X b REER»D Al 233k% Ebh, low-Al
NiAl T NLAL BRI 5. RERECAR L
NiALi2pmR L7c X 5w, FIEFE<BL Al L XDERE
LTHRXh Ni ofifbLic X 5T 2R BRI h
5. Al DEFEN ST b LT, NiAl OFA&
WEN NLAL Wi LTEBVoi, B AL wEdbied
NiAl Ef©o Ni;Al OBEGEEIE D, ]_RETh
vE NiAl hTix Al OIERURE: NigAl it thiz LT
IR EEx Hhb . Ni-Al RES KT 5 HEIR
BUEROEREFEECOWTIE £ OWERDB. S,
SHANKER 519, FEH 510 12 L iy NiAl Tk 48~
50 at% Al OER TIEBFERPBMERID, ZTO{ER
Ni,Al FTOIBEHK X b & 1000°C ¢ 1 K7, 900°C
THI 3 H PR, s IN-738LC Tz Fig. 3 iRl
X ol ) BoEX iz NiAl wsiF 58t Al i s
LTEWL DD BRED REHEERC S o Loy Bk
L, 7 AN Licgo Ni Bl gEIns G
Photo. 3 wHBLRB L5 Cr Bk s LTS 2 HE
FT50T NI OF LA IFII B b EEL DR S.

Fig. 4 13 NiAl % 700~950°C ©# 96h B L/
FERTHD. RpFHEIEVOT6 hogs (Fig. 1)
CHE LTERERSECHEM LTV 55, kb 800
°C TRk L h. RBREBEORKIO/IMEBIET L E
AEORFATH 900°C fs X 0f 950°C RE&TE O R KFEH
I Bao—ieBErERT50nRD bhic. Fig. 5
1 900°C, 96 h REx > NiAl EEICAR LicAa # — v
O X BEFRFEROG ThHB. L a-ALO, OEIHH
pigsE A G, Table3 Ay — ADXFEIFHRELE

g

41000
B(X)g
0 3
%’.‘ Thickness of Al- . 6005
£ Depleted ILayer 5
300¢ Corrosion Loss » 14002
0 . o
g g
4 2 O
< 200} 120%

s
‘@ 11005
£ 180 ¢
S 100} 160 @
! 140 -(‘:,
et 120 &
- 0

0500 800 800
Test Temperature (°C)

Fig. 4. Effect of test temperature on corrosion
loss and thickness of Al-depleted layer in the hot
corrosion test of NiAl for 96h.

CuKa, 40kV, 40mA
Slit :1°-1°- 0.3mm
Scan speed: 2°/min

- * dAl;03
° NiO

v Ni

o NisS;

Intensity (arbitrary unit)
qo

40 80 80 100
28
Fig. 5. X-ray diffractiion pattern of NiAl surface
after the hot corrosion test for 96h at 900°C.

Table 3. Phases identified by X-ray diffraction
in scales of NiAl and IN-738LC subjected to hot
corrosion test (after removing the sait).

Specimen Test condition Phases identified

750°C, 96h Ni, NigS,.
NiAl

800°C, 96h NiO, NisSz, Ni.
900°C, 96b a-Al,O3, NiO, Ni, (Ni3Sj),
950°C, 96h a-Al,O3, (NiO).

] B00°C, 96h NiO, Ni, Ni3Sz, (Spinel*).
IN-738LC {9oo°c, 96h Cr;0s; a-Al,Os;, (NiO), (Spinel*).

Listed in order of decreasing line intensities.
( ) : Insufficient line intensities for positive identification.
¥ : CoCr 04 type.

ED7-. NiAl DA # — it 950°C o412 a—Ales
EATETHD. Tkt NiAl oSEACREER
W a-ALO AR L, =l 2 ERE S HRET
BT EL Ni OB IS h, BEENH
AL EEL bRD. R 900°C REa%k o IN-738LC
DOEEEDOF AL, Table 3 WiR$ X 5w Cr,03 L a-
ALO, ¥ L THREFECIB EEZ LIS, RRER
En ERATIERIT L BEBEP~DODEME LT
R L, ¥ AB8PFHT L Nay,SOy T Sitxd
BODEENKEL A TDIT a-AlO,, Cr,Oy /& D
BALEEAERL LR T B D THA S, i L NIAl &
EC A L a-AlLO, JEOEEEMILT L 5Ee T
V. AR S — A B ORKITE A BIER T 5 L URE TR
Al 3 UCk b, oy TP, BiticloR
WL Ly, Fig. 4 il Al BE I 357 Las,
BREOWAT % 900°C Ll LTl Al BizdEc/ZEL
5.

Photo. 4 % 900°C T 96h AR L7 NiAl o
Ay — VEBEOKEHEBOF TS S, RETH 2200 T
BAEOHSAYETH Al BABK E T\ 5. Photo. 4
(e)~(f)wm Lz Al BPEio XMA 41 X hid,
Al, S, O BLZAYAREBHRE LTE), Z053b
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surface

Al-depleted layer

‘:‘:;{;‘ ;

(a) Optical micrograph, (b )SEM image (slant cross section), and X-ray distribution images for (c¢) Ni, (d) Al,

(e) S, and (f) O. (a) (xGOxl%). (b)~(1) (x250x%).

Photo. 4. Cross sections of NiAl after the hot corrosion test for 96h at 900°C (after descaiag).

Al LOM I FGELTWS. —J5F AL O DEFENIEK
13 Ni 23R T\5hS, SOBMEAERE Ni 233855
NBZ Ehb, NLAlCKTBAr — A NEHOBE LR
R, Al 2Ea{bdy, NidBiesHhe LTHEETD L DR
5. ek C ORKEALZ XFEIH Lics =5 low-Al Ni
Al o\ EIFTHE L NiAl O EIfRE A RO LR
7o, ThbbEAIBD< Y » 2 211 Photo. 2 0 800
CCRBRBERMUL, low-Al NiAl R Xk E T2 EEZ
bhb.
3.2 NiAl+Cr OB EHEE

FiE N7 X 51, NiAl, IN-738LC DEE AR
Lz a-ALO,; 7¢ ¥ ORI AR 2 BRlE > HIRE L,
LA CBARBORBACELE TS, o TNiAI+CroE
BEAYBRHTICELDL, FRMCRT 5 B4R
D EEF MDD KRF CBRIERRZ{To/. Fig. 6
1 1100°C, 300h FBrgE o EED LY R T MEEEHER
NiAl 23 d Bh w325, 10at%Cr 0¥ @ X b it

NiAl (0.05)
NiAl+ TOCr

]
NiAt+ 20Cr [ ]

]

I

I

NiAl + 30Cr
NiAl+ 40Cr
NizAl
IN-738LC |
Ni Q

0 5 10 oadized
Oxidation Loss (mg/cm?) completely

Fig. 6. Oxidation loss of specimens oxidized for
300h at 1100°C in the air.

efbiErs kL, 20aty% Lk Cr THUHREI L
%. IN-738LC, #i Ni OfHEE{LMEIE NiAl, NiAl+Cr,
NLAL B LTE LSS, FABRBEORBOXE
EHTI XY, BE{EfENL IN-738LC T Cr,O; & NiO,
#i Ni © NiO, %7 NiAl, NiAl+Cr, NiAl T\
Thi a-AlLO; TH-e.
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NiAl+Cr i NiAl BB LCW TR B a- . oM cX>CHEShD & FHEIhs. Fig. 7
ALO, DEREHSE L, Lich>T a-ALO, BEAREL  NiAl+Cr o 700°~900°C, 96 h FRARC BIT 5B R
deve st LR 273 5 7 i, NiCl ofif&#kix Cr f¥s X0 900°C RERE O FEPII B Ehicli Al

BB X DF% K L. NiAl4 (20~40)Cr ¢ NiAl @

g [res g W LT BRI Al BES L E. Lol
% 327 13000 :1; NiAl+ 10Cr ¢t 700°C, 800°C 1z 3517 B & 213 NiAl
g e E 3 _ . ; o _ N -
200t \ Thickness of Al- b CHE L THAT %8, 900°C ek aERE, B Al
" Deglg(t)eg Layer 12000 & BEZZWTFRHMLTE D, HRECHFI+HT
7] at * o} .
[a] 4 . @
::’ FANAN cm;gﬁ:"(gisqooog Table 4. Phases identified by X-ray diffraction
2 Y 800 °C (0) = in scales of NiAl+4Cr subjected to hot corrosion
9]00" 700°C(@) 1200 9 test (after removing the salt).
8 ' T g . Test condition
1100 Jé Specimen
...... T 700°C, 96h 800°C, 96h 900°C, 96h
t—
0 N " 0 . a‘_A|203 NigSg tt-_Alea
0 10 20 30 40 NiAl+10Cr g:?sz ?I:Q g:sosz
Cr (at%) (Ni)
Fig. 7. Effect of Cr addition to NiAl on corrosion NiAl+(20~40)Cr  a-Al;O; a-Al,O3 a-Al; 03
loss and thickness of Al_dcplatf:d laycr in the hot Listed in order of decreasing line intensities.
corrosion test for 96h. ( ) :Insufficient line intensities for positive identification.
surface surface

ted layer

Al-depleted layer Al-depl

9 9 9 9
(a) (XIOOXE) (b) (X400>(-]T)) (a) (xlOOXl—O-) (b) (><400><1—6)
Photo. 5. Slant cross sections of NiAl+10Cr after Photo. 6. Slant cross sections of NiAl+20Cr after
the hot corrosion test for 96h at 800°C (after the hot corrosion test for 96h at 800°C (after
descaling). descaling).
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(a) SEM image, and X-ray distribution images for (b) Al, (c) Cr, (d) Ni, (e) O, and (f)S. (XSOOXi%).

Photo. 7. Slant cross section of NiAl420Cr after the hot corrosion test for 96h at 800°C.

AR

Table 4 12FRBEDORABERTICER LicAr —LrDX
MEFTERE 2 LD DTHS. NiAl+ (20~40)Cr
TRTRTCOREELELET a-AlLO; DZHED LR, it
BEDCTENREE a-ALO;, WIBHZ MBI,
—75 NiAl+10Cr TRk ) a-ALO; MK L3
o Tk D, 700°0C T—# a-AlO, DEHENTED 5
o, L LRRRED 800°C i b & NigS, AR
HE L, NiAl ofE LR ALO, #/ch Ik
ELTEETS LA LR, XRETH I a-ALO; 2
B a5,

Photo. 5 {2 800°C TEER L7 NiAl+410Cr # i
o — VI 12° DEE THE Ui ESo I ch 5.
HEPIMIC low-Al NiAl %=1V, 7 A L2 40~
80p D Al B EA TS, B Al BRI
Photo. 5(b)iRLic X 5, EEMEIKEENs T
5h, XMA 9% 175 & BT Al O, K&
HTE Cr ESENBHELTED, 2hbirnFhn
ALO; B IU Cr it L EL bhn. ARBEEEH 900
°C itign &, Table 4 Wk bid X 5 HY a-AlLO,
g RABREI RSN, OB EEEIZ+HT
72<, NigS,, NiO 7nE DK HD BB,

Photo. 6 % 800°C wEEx L7 NiAl+20Cr i
HREOG THB. K 0 O Al BT B0

ALO; DEMNHHL, KEaD Cr Bt s BEh
VDO NRER D, Photo. 7 i3fii Al BRI XMA
DHRRTHD. R SRLBHIRT, i Al B

CARETS Cr i2fg Cr E LCHETS. /o NiAl

+30,40Cr OWHREZ I Th, B Al BRICKT 3
Cr LD EBULERD Y, Lichio>T NiAl+ (20
~40)Cr OERMICIEER I D a-ALO, I irR#
e LToMEYE L, BEE L <SRBT~
BAZRMHIELTWB EEL bhs.,

4. &

EFRLEY NiAlL, Ni;Al, Nij(Al, Ti) &Xot
NiAl+Cr » B L, 75%Na,50,-25%NaCl #
BE B 5 SIREREE Y, # Ni L0 Ni &8
&4 IN-738LC & @ Lootat L. £OBRLTF
DERIE B,

(1) NiAl 3 X0 Nig(Al, Ti) 13 NiAl, # Ni,
NI-738LC 7wt LT E L WARMEIE S, %7
NiAl, IN-738LC G 800°C R ED v — 7 B L
T 5.

(2) BRIRb: BblreX>CH#FTT5. NiAl
¥ XU Nig(Al, Ti) it Al, Ti AE{EHEHE LD
ORERE, S HEELh, TOBRERIGAE T O
X5 SOBENIHEINL, REEACAER Lic Ni %

1]l
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LECHIETS E ELbRB. —F NIAl TR
ALO, DA X Bl Al pET B4, Al DIKMGHE
it NLAL i B LT B R bh, BROMETHE
{5,

(3) NiAl, IN-738LC ki 5 ERAITOBRED
WA, REIFEECHTE T a-ALO,, %% Tk CrO,
a-AlLO; 7o EDOBLER R IhB Z 2L, i
L boREEOFREE R+ TR, Bife, Bk
FORELEIE LTV 5.

(4) NiAl ~ 20at% L ko Cr 2@NThiE, K
BHlcd a-AlLO, BEAER L, BElE L <12S oK
HE~DR AR LT 2 bt RERHEFEI NS,
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