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8 e Ni-365at.%Al el BAYA NS scavenging 22 U2} VE Arlsie o]
Y29 BAAE 9 vhZR APl E A 2R nlAE Vel el oj# 2Asksich Al s
& FAAAEe| A o2 FASHRN EDX spectrometerd AH4-3hed spdwie] 24 ¥Asig o
Eopaldin) 4 o2 ch2a o) £ W ¥-2x o) Wate] cha) 2Asgich. Vel A7h2 QA ol 4
lulsi 2 w3 R=of Wahg el gl EDX spectrometer 2 B4 & A3} vl v & g Al ¢l
Al9] o] Aol M o2 Zr1El e g Rod Faok Ni-36.5at. %Al 58 2§ vled o2 F
HolBx Y4 o ojFolx glovt Vo Hlel utel twinned vl2llAlo] B 222 Alebx] o
stacking fault?} 24 %2) 22 7121 modulated ZAe] P2} Az o2 YR E Ao HR=HA
t}. Stacking fault& FA & A3} Al} Vel % 8ol w}b & extrinsic faultg] 2™ high-energy &3] o]
stacking faultz} Sl ¥l ol W) S7 A4 o2 AAHA AN A2 E 2Y T Ut

ABSTRACT. Fracture behavior and martensite substructure of Ni-36.5at.%Al alloy were
investigated with the addition of vanadium which is known as scavenging element of grain boundary.
The fracture surfaces were examined by scanning electron microscopy and the EDX spectrometer was
applied for composition analysis of fracture surfaces. The substructure of martensite was studied by
transmission electron microscopy. By addition of vanadium, fracture surfaces show mixed modes of
intergranular and transgranular fracture and more Al content is found on the grain boundaries. For
Ni-36.5at.% Al alloy, the planar faults observed in the martensite plates are the internal twins. By in-
creasing the vanadium content, the modulated structure with stacking faults and dislocations
dominates while the twinned martensite disappears. The stacking fault is determined to be extrinsic
due to the substitution of V for AL It is concluded that the segregation of sulfur on the high-energy
state stacking fault area suppresses the intergranular fracture.

Key Words : NiAl, Martensite substructure, Vanadium addition

203



204 Zed% . ¥ F.C. Marvin Wayman

LA B

B-NIARE 347 $Eo 3 Ak3) 9l o gwyo) iyt
AgAdo] ofFslER & FRANE AHLE F 2
o, 4 A H ALO: 3 9-g YA 7| B2 Ni-base &
e WAk e 2 de) AR8-ichi-2 gNiAl §
F2 344 detA ctEdAle]l e ez} velvbe Ni
Yegoll whel @& 22 dofrdr}s-s gk 4
Al PYA7 GEA) el e g a2erel ¥4
Z1AgF2 AR olE A S BoFqicte
a2 BNIAl §82 AE Zf2 A osys-1o
Y AF 2] Eo) AJgko] sl ol ¥F HAL AIHAE
$ba 7l obyk AAYA Y gl s dshedn. 12
YA 5 E AFAT)= PR vEgs A 3 ¥ F
A7Fehs microalloying ®Hyjo] wol dd7Eo] sl
13~16 NisAlell v]ke] BE ¥7}etgl& 745 didel o
8] F7hslg ow13-15 oluf HrH B AAHA
Aol AAY Alole] A (cohesive strength)-&
Z71A17)E AgE st A} dejve g F
A7l g Veldcka ok

%+, NisAle] Cr, Fe, Mn, Co, Si 52 428 37}
AA FEEIARE o Ao FiE sl o2t
g Yridshe AAYA A B5Eo] HAFE
& QA sk Aelsdrh1e

3 el g-NiAl2] & =49 Ni-36.5at, %Al 2]

Foll A S,0 5 vl FEEES ARG A
817) 18l AR YA A scavenging Y42 WA
VE M 7}te] o] 2o s3] X =(mode)s] VlXE V
o} o3 kel wha) ZAbatsih =g whEslato] e W
nzAg F3ARYY)(TEM) 22 Hatste] v 37}
o) 2%k A 22 9] WE-§ AP

2 Ay

B oo A}g-gl Ni-36.5at.%Al & ¢ 9.
99% Al 99.9% Nig AH&-3to] Ar 41719 o2z
(arc furnace)oll A} & A1A A z:slgi o =i o] =
2] 3ot 0.5 % 5 at%2) VE M3l A5
t}. o} =22 clamber Wl 2] AFAAE Al (gettering)d}
7] 98 Tig WA S g L) FHNE 4
8 6 ol4 AEsHAHT) o]} zeo] AMxd W&
Ar 3917 ZollA 1250°Cel A 347 FA 3 =) &

F Y A1A vt2 e Ale]| & el & #2319}

ntE gl alo] E o] AP el V Ut abE 2 A
o] H3l8 X4 B4 B =AEec)

AAF AL 2x2X60mm rod Hefe] A Fu)sle]
galgon A oa i AW EL] by
& FAAAREEFSEM)S. 2 33812 T energy-dis-
persive X-ray(EDX) spectrometer& A}-§-3le] shcie
o] =4-& Bostgch

vl el to] Eo] JR-F2E F4F5}7] 9 8] 200kVe
EFHHAY0| 4§ A43lg.es TEM 338 93
thin foil A|M-& ~30°C2] %4} 33% A4k} 67%
o} oijek-g 894 22 double-jet A& HAvtE 3}o] Ful
Bt

3. AHEa o oE

X4 BAAY A3 Ni-36.5 at %Al TF2] vz«
Apol AL Ay ol AAFEE ehllew Ay
$& a=3.755A, c=3.275A o)tk VE 0.5, 5 at% 2
7 Akt g A E AETFEE PUYelnon
o A9 peakis vhebbR] wdsirh wd Vel §apo]
Z714ell w2} o/avlE A Fasth 2 24 &4
2] A A A} Table 16 Vel gic)

Table 1. Lattice parameters of martensite in NiAl alloys.

Composition(at. %) Lattice Parameter( A )

Ni Al v a c cfa
63.5 36.5 [i] 3.758 3.275 0.872
63.2 36.3 0.5 4.055 2.860 0.705
60.3 34.7 5.0 4.080 2.524 0.619
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Fig. 2(a)E Ni-36.5 at. %Al 9 42 AT
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Fig. 1. Plot of stress-strain curve for Ni-36.5 at. % Al =7t dofid 9dA o IHE EDX spectrometer AH§-

specimen at room temperature.

(c)

Fig. 2. Scanning electron micrographs showing fracture
surfaces of (a) undoped, (b) 0.5at.%V doped and (c) Sat.
%V doped Ni-36.5at.%Al specimen.
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Fig. 3. SEM fractograph of (a) 0.5at.%V doped specimen showing mixed modes of intergranular and transgranular

“_n .

fracture. EDX spectra from (b) grain boundary(marked as “a” in fractograph) and (c) transgranular fracture surface

(marked as “b").
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Fig. 4. SEM fractograph of (a) 5at.%V doped specimen showing mixed modes of intergranular and transgranular

fracture. EDX spectra from (b) grain boundary(marked as
(marked as “b")
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Fig. 5. Transmission electron micrograph showing typical
diffraction contrast from martensite in Ni-36.5at.%Al al-

loy.
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(a)

( c

Fig. 6. Transmission electron micrograph of internal twins
in martensite. (a) Bright field image; (b). Dark field image
from [111] twin reflection; (c) [110] diffraction pattern.
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Fig. 8. Images of a stacking fault in 0.5at.%V doped Ni-36.5at.%Al specimen with different reflections; (a)
g=1l1, BF, (b) g=111, DF, (c) g=220, BF, and (d) g=02 2, BF.
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Fig. 9. EDX spectra of (a) stacking fault area and (b)
matrix for 0.5at.%V doped Ni-36.5at.%Al specimei.
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