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ABSTRACT The combined effects of W, Mo, Y and Hf additions on the high-temperature mechan-
ical properties and oxidation behavior of NizAl based alloys have been studied. The results show that
alloy No.6 with Ni-8.2A1-7.8Cr-0.1C-1Ti-0.5Hf-0.05B-4Mo-2W-0.01Y (mass fraction, %) possesses
much better high-temperature mechanical properties than MX246 alloy with Ni-8.2A1-7.8Cr-0.1C~
1Ti-0.6Zr-0.05B, which is mainly attributed to the strengthen effect of W and Mo. The additions of Y
and Hf to the NizAl alloys can improve their oxidation behavior significantly. The 1100 C /100 h oxi-
dation rate of alloy No.6 is 0.0639 g/(m?-h) which is much lower than 0.2683 g/(m?-h) of MX246. The
excellent synthesize properties make NizAl-base alloy No.6 become an attractive potential candidate
for high-temperature structure applications. The microstructures of selected samples are correlated
with mechanical and oxidation properties. The influences of additions on MX246A alloy are deeply
discussed.
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MEAF, ERRMRER TR R S0 A B, el
1100 CUATFEH BIFM A% HREMBLE (LR, N T
% NipAl &SRR ERIFNE N, HE
TR R, 2 AE T E B SRR
1100 “CLA FERE, S E fLhy TIEFRE, Mt MX246
& ST — SRR LIRS, LUEE MR SR S
SFAERERPTE L AERE. A% SO & S LT OB SR
BostERER, B, fEmrEmER, ETENE
MX246 & & (b7 Fs— BB I, S@iT A W, Mo, Y
1 Hf %4 &020H— SR & SRS S

1 EEFHE '

S SREAEZ BORELY, FIH 10 kg E2SRR4
HECAFH & RBHEHBRIER 5.5 kg & &, RISTTH
BFESMEE, FRATTEG M & ST T UOGRHEE
.

B0 a8 B2 ST Z IR B R Ee . iR
Wi 1.5 g CuSO4+40 mL HCI+10 mL H,0,
TR L BoR iR S WAL, iE2H 10% HsPO, B

#1

FRIETIRFE VAR 4/ . SRIE HEMG B R aE
TR B AR, B XS4t (EDS) E&
ksl oRtes 3:%

HEHHE S 4B, KR TH 14 mmx
11 mmx2 mm, E{LEES9EE 1000, 1100
1200 C, BMEEERFEMHMMAEMERT LR, T
B RTE 3 514 25, 50, 75 1 100 h RFAFER BT
. A FEIR T E R B A S LR HIE R,
Ft BN T E .
2 ZERERRITR
2.1 S&UAESTEER

w8 MX246 &¢ (No.l) ATFFRER, MAREE
H19 W, Mo, Hf f1 Y LIER &L ITEX MX246 5%
TR M E L MERE AR £ 1 3 T &R E4
B Ry, 3R 2 #103 3t T ARERRE T wER A
RESFEAMERE. LREREM, & MX246 &§&FmMA—
EEM W A Mo Al KRB #E S PHEE SRS A8 B M i
ANERE, W Al Mo FRFINAZE B I Mo A& k3

BRI
Table 1 Chemical composition of the alloys

(mass fraction,%)

Alloy No. Al Cr Zr B C Ti W Mo Y Hf Ni
1 (MX246) 8.2 7.8 0.6 0.05 0.1 1.0 - - - - Bal.
2 8.2 7.8 0.6 0.05 0.1 1.0 - 2 - - Bal.
3 8.2 7.8 0.6 0.05 0.1 1.0 - 4 - - Bal.
4 8.2 7.8 0.6 0.05 0.1 1.0 2 2 - - Bal.
5 8.2 7.8 0.6 0.05 0.1 1.0 2 4 - - Bal.
6 8.2 7.8 - 0.05 0.1 1.0 2 4 0.01 0.5 Bal.
® 2 TFERETE&EMhmitaE
Table 2 Tensile properties of the alloys at different temperatures
Temperature Property Sample No.
C 1 3 4 5 6
20 op, MPa 1060 860 745 800 800 790
85, % 20 10 9 7 8
1100 op, MPa 141 285 300 290 295 335
85, % 21 8.0 6.0 4.0 7.0 9.5
1200 op, MPa 22 17 39 41 101 127
85, % 2.0 - 2.0 2.0 15
® 3 SEAFELRFETHRAERS
Table 3 Stress rupture life (h) of the alloys on different experimental conditions
Experimental condition Sample No.
1 2 3 4 5 6
800 C /490 MPa 55.91 - 100.50 122.57 198.25 219.22
1100 C /100 MPa 0.12 1.57 3.97 1.40 2.37 9.59
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B, BEEM WM Mo RS EAGRILERL, HW
M Mo MIIIAMRIRT &&m¥Ett. Hf 08 Zr A[#FE—5
LA &, FEEENET SENEY, F8EMERM
R R 10% AEARKTE. Nob AEf&ER
oSSk L1343

AfbgE %M, WA Mo f9IARFIFHE T A
fbttfE, No.2—No.5 &&MMALEREMKT Nol &
%, &8 Nol &5 Nob6 &AL ILER,
1000 CHLE:, FHAESHRARL, EATEALRE
W, HEMMEFRME la BR, BERTH, No.6
&4 1000 CHREIMALEREHEMRT Nol &, £
1000 C /100 h %M, Nob F&iyFHA Lz
0.0410 g/(m?-h), AT T LM ALK No.l &&#F
K@ L#EZE K 0.1347 g/(m?-h), & No.6 &4 3 1§,
AT T AR

G471 1100 CHE ks, T EF W BAIHE DN
No.l #%, No.6 FE&RAHEREERAERE. T
2 IJLTFRERHE, MALHERBT Cro03 fEMHIBE
TEREFHFE, Cr,03 - CrO+0; 1, REFHEKAL,
SEHERFASEER NIO WEEETH, FHRHE
e AEMELMEFRWAE 1b R, Nob F&H
A EHRMTF Nol 54, 7€ 1100 T /100 h %&f4
F, No.6 &&#FHEILEE K 0.0639 g/(m?-h), ik
Fe A kgk. M No.l A& ELEEN M Bk, H
FHIALERE Y 0.2683 g/(m*h), (GEEHLA LS.
2.2 H¥5itie

221 W, Mo MX246 £ 5648 E6H-H 4
Hikh, W Mo Bi&ik No6 SE&MEBAETE,
EERE s EZ;G U T ILAHHE:

(1) WEmikEA. ™ 2 25 No.l 5 No.6 i{HEARF
HEECTRSFIE B, BB RTA, PP E SR B S
Hi R T MR XEHSER, Nol RFEE&RT

KEEDN 0.5—1 pm BRI o AR v AR,
B AIX E LM AR v 44, Nob il TIX
M1y HERIR, FRREHEN v H, BSPIX RS
81 WM, HEBRZ Nol AE&WRKE. FHGE
, SEEES o MBS AR, YHEEE/N T 0.2% B,
v MERE; YEEEST 1.25% 8, WA HEEKE
th 1. No.1 i b F¥AH KE TERHMTEINA, /7
HIEEECEE RN, FTLLA &8 ~ AERRIE; M No.6 i
B THKEFE2H W R Mo A, Xt RAEM
B5E v o R, BT vy . Y AR
R, KKEST v/7 WBEE, XG4 v HNEH
HAE R, FIRAS HBRA S B BRI RUR,
F oA EREE S A RS S A AR 5 A, (RiHss
BLOIsRauEal, BRI &M HE.

Far, W Mo 45 Al iy v BRICER, BT
BN B ENEIRRILERS, REBT 52T Al 4
B, W1 NisAl HEH v'— FHEEGET, Al BEEE
' EAAER y AHEHERS AR, Al B8Z, NizAl %
RBF B R R L, TR v AR, &
HEEERY NisAl & &, Y M5 v HEEE -1 EREY
Eefle . MX246 &&20 v MANEN v — BHEE
&, WE W 1 Mo A, Al 48 No.l A&
215% HBEE Nob & 24%, WEZ & &8y v/ /v M
MEBRBERHTES, XFMTFeamRRENES.

(2) B #H81k. ® 3 H} No.1 5 No.6 441100 T
/100 MPa #p AR IR E TR, AR, No.6 ke
W B e BEEH HAR, Z SR RF R ELES A
8, thERSE/MISAESN, BiZfrdisa4E 1100 C
SR THRERE, M No.l iXBEMIEA XBZfriHE. X
HRREE AT RAIZ A AT B RS (RESE
%) & Mo 50.8, Cr 25.8, Ni 14.2, W 7.1. %54 NizAl
£ SRR HINFRAT AT VR (L) MaBo(M, M, By),
Hep M O KETEEE W R Mo, M" Jp/NETHE
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Fig.1 Oxidation resistance of alloys No.1 and No.6 at 1000 'C (a) and 1100 C (b)
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Fig.2 Typical microstructures of alloys No.1 and No.6

(a) v phase extracted morphology in alloy No.1

(c) microstructure in alloy No.1

(b) v phase extracted morphology in alloy No.6

(d) microstructure in alloy No.6

B 3 No.l 5 No.6 44 1100 CHARMY SEM §&
Fig.3 Typical SEM images of alloys No.1 (a) and No.6 (b) after 1100 C rupture test

f Nifl Cr. iXsemiRfe e = m ML S SR i
TR, XA EITIEM, BT APRA S EERE.
Wb, £ v B, A 0.01—0.5 pm HARK /ML
Y, BRRTUESRILIFRS, BRET + HHERREE,
LR RE S R R B & MR E.

222 &4AE£Y o Hf 2 NizAl £ &8 1LM 5
¥ AR, Nob A& ERITAMIERENRE
WEBHT Y M HE 9, S@TR Y # HE X4
EHA R ERER A pLE EE R LT HA .

(1) aeTEMNEEHNEALESHMEME. HHE No.l

5 No.6 f&7E 1100 C /100 h FILFH A NI
(A 4) aTH, Nol G&HAHS, WEALIEF
FRHE, PR AR BB TAIA, R
ik Al Cr, Zr 11 Ni 58 (A%, %) 258
69.8, 2.6, 1.8 f1 22.27, Her Al Al Zr KE T HEHEE
B, ENEERMAREEESN AlOs, NiO fibE
i ZrOq, HLL Al;O3 B%. No.6 HEALBERE. KN
R RREEEFERE 58, ERHBHRERLHE—
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Fig.4 Comparison of inner-oxidation extent for alloys No.1 (a) and No.6 (b)
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Table 4 EDS comparison of oxides on samples surface

(mass fraction, %)

Sample No. Al Cr Ni Ti Zr
1 7.02 18.62 67.53 2.01 2.58
6 25.47 12.60 54.98 4.75 1.35

i Al kR k. 1100 € /100 h ®4bE, No.l ik
HEDRETE, No.6 AL ELAIRHEY, Xk
B Y #1 Hf fAdEm T RILE /| BEZRBEE .
RERLEREREESTER (WL 4) £W, Nob Kk
KE RN Al FBERXKE S B, SO EEREmAR
MR PEFEREZH Al203. No.l i#ERmE AR+
B Al BAEMT No.6 i, MAKTERE Al § &,
BIARMAEPTE ALOs 8. X W& 4R
i, No.l AHFEMRMLIEEN NIO, 5ShEF—
E BH NiAl,O4 #l NiCro04. No.6 il ERER D,
i AR AHAUR T A, XA S REE AR AL
Wk 7 NiO, NiAl,O4 #1 NiCrpO4 4, BHEEZH
a-Al03. a-AlL O3 MEIHAREREM #F— P A i
FRER, WTAF TR AN,

Ho, Zr BTFEE IR E R AL TERE AR,
Zr MR IIZER R ARET Zr02 MEK, MET Zr
BEHRES ALGHIT ALOs MERT B HRLEE
KA, ¥, ARBRAATE, ABENGSGS
SRR, EYFILBEEEST] 1000 CRL LR, Zr 30
AlLO; AT BMERET ES1EH, AL R™E, &
LR MARMARESER, I, SRTE Zr 6%
MELMERTRE Zr €. Nob &£ Hf R Zr,

ERER TEMBEN HIO2, AR Fr R LHERER
.

3 #ik

(1) #£ MX246 &P MAEER W # Mo wJKIg
BERE A4 1100 CU EAF R FIFEAMERE, HiRfL
B B 0 [ s (L R (L 4 ) 55 — AR 3R k.

(2) 7= NizAl % MX246 &&+imAfE Y # Hf
W T AR TE SRR I N R, =& TR/
WIRE ), AT RIBEERE MR SRR (L HERE.

(3) #£ MX246 & & %Rl %t W, Mo, Hf 71 Y
FX RN EEHRITHRER No.b §&miRgG A HEER
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