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w = A& Hf(0.5%) MARIZEEEN NiAl-Cr(Mo) 44, &4 Heusler # Ni2AlHf, ZMEMKSHE
NiAl/Cr(Mo) WMRERHK. NiAlHf 5§ NiAl Z@FFEEASHREFREELA AFNOUER-EEETF - THFREX
£ [111niar # [111]u, (10D)Nia1 # (202)n, FFET WA TFEMBA ST —EREMHALEH. T cORAIRS, Si
TREABIEGEP, FUEREEFRAT G- Ml NiigHf6Sir. M/ F#H NizcHfeSiz sE AR, 5 Ni AIHf M5
% NiAl/Cr(Mo) MAEHIE. it T NiAl/Ni; AIHf % NiAl/NiyoHfoSiy iR MmAfER, NizoHfsSir f2E NiAl ffs i
#®Im# Ni AIHf #i% NigHfeSiz MAMESMBE.

%88 HREM, m#E, G- # NijeHfsSiz, Heusler #§ Ni,AIHf

b@EN#T TG132.3, TG113.12 XEEERINES A XMES 0412-1961(1999)11-1151—04

INVESTIGATION OF HEUSLER PHASE Ni,AIHf AND
G-PHASE Ni;¢HfsSi; IN A DIRECTIONALLY
SOLIDIFIED NiAl-28Cr—5.5Mo—0.5Hf ALLOY

CHEN Yuzi¥), CUI Chuanyong®), LIU Zhiquan'?), HE Lianlong"), GUO Jianting"), LI Douzing")
1) Laboratory of Atomic Imaging of Solids, Institute of Metal Research, The Chinese Academy of Sciences, Shenyang 110015
2) Institute of Materials and Technology, Dalian Maritime University, Dalian 116026

Correspondent: CHEN Yuzi, Tel: (024)25843531-55243
Manuscript received 1999-06-24, in revised form 1999-08-12

ABSTRACT Small addition(0.5%) of Hf to directionally solidified NiAl-Cr(Mo) alloy results in discon-
timuously distributed Heusler phase Nio AIHf at NiAl/Cr(Mo) interface. There is no consistent orientation
relationship(O.R.) between NiAl and Ni; AlHf, but sometimes, a cube-on—cube O.R. was observed between
the two phases, [111|nia) // [111]g and (101) nja1 // (101)g. The microstructure of NiAl/ NiyAlHf in-
terface has been studied using high resolution electron microscope. Fine G-phase Ni;sHfsSi- is cuboidal
in shape and co—exists with Ni;AIHf phase at NiAl-Cr(Mo) interface. Si is a contaminant resulting from
contact with Al;03-SiO; ceramic mold during directional solidification of the alloy. The interface energies
of NiAl/Ni,AlHf and NiAl/ Ni;gHfsSi;, the habit plane of fine G-phase and the solidification process of
the alloy have been also discussed.
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FHEE NIAI-Cr(Mo) 3tR & SHHFRE#T T U=
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EHE L& NiAl REEEEHRITE. XSS
WA HHFERE FoRA Cr(Mo) A EE NiAl Eiksh. R
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Ni;AIHf % NigHfsSi; e KEE, 5 NiAl B{E4E&
P R R i A A
1 XRAE

RS RME® Ni, & Al Cr, Mo # Hf K
AR, ERERNP PEHEANERAR 36 mm #)
HE SenEslsy (BTa8. % FRE) & Ni3s,
Al 33, Cr 28, Mo 5.5, Hf 0.5. S &@diRfesk. EE
HEPAfHARER 16 mm . KHF 150 mm @M#,
¥ % 5 mm/min, FEFRABERHENY 7080 T
/mm. BEESOFELEY LU 0.3 mm $9E A,
HIMMENE 35 um, MER FREAEFELTIL. SHAR
B JEM2000EXII 1 JEM2010 BE4r4ea e i iT4Y.
EDXS 5 477 H SLA9 HF2000 % 3% a8
FHEAOKHERBE 48 Clifi-Lorimer FiEit M.
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#| % % NiAl-28Cr-5.5Mo-0.5Hf & &M EWHS R
EmKrafag NiAl BiF, RemERR Cr(Mo) fiRAR
FHAEEMRS AN BE AR, mE L . NAL R
Cr(Mo) HiMAMRSHABL KB A LER “. daa
F=#ay EDXS arrtiss i Al 23.48, Ni 48.78,
Hf 21.46 Si 3.68, Cr 2.59. a[R,, Ni:AlLHf~=2:1:1, W&
# Heusler #i NiAlHf, EF&#F /L #ké) Si #1 Cr TEK.
Si WRBEIEEATE A RETRP, HESTSHHREE
Al,03-5i0; @y Si HAERN, AT Si #FABXRKE
o 07 kRMERQFHHITERSR, SHE NAl &
Cr(Mo) %4 5 &by Nio AIHf &5 NiAl EEFGF A H 20
dEEmE xR, EEXEWRT, BN - FHEETH -
FRUREA, WA 2 BR. ofRAEE, [111Nia 7 [111]g;
(10T)Nm; i (20§)H (Hi ftﬁ NizAlHf ﬁ)

B Eh&RE NiAl-28Cr-55Mo-03Hf S2ME 04N

Fig.1 Macrostructure of the directionally solidified NiAl-
28Cr-5.5Mo 0.5HT alloy

M 3 2#ve) HREM 85 A HREM B L of A&
. NiAl/ N AIHf @)% 0 50 el A HRah &, el
FHARAT R R R @A (e, T 00 RAC O REA B o] WL,
H SR R o e [ i 7 T824K809 NiAL Befkcp. 5 i fic
frsay i M. A TIER NiAl #1 Ni AIHf Z 8] 5% 898
BEEE. REFEMER IHRKOCHNEHTRER
FRIE: 1491,

B2 NipAIHf # NiAl S0 & & T

Fig.2 Electron diffraciion pattern taken from NiAl and
NigAIHT phase

B3 NiAl/ NiAHT % @ %ie

Fig.3 HREM image viewed along [111] common direction of
NiAl and Nig AIHf

54, ERGERFT Ni AIHI #1 NiAl 49— FEuE
XA2HFE, WHE 4R ofLLEE. [111]nia 0 [11]y
{IOT)mM I {205)]-{. B, NiAl &Y (]UT) ¥l Ni AIHf
49 (202) WHESE (111] A EHESREHT 4°. NiAl Y By &
FEZkHy, HSAES %k 0.2887 nm. Nip AIHf g4 @ (k4 %
L2, ¥4, ZE8EY Pm3m, SRFMWEHEH 8 T B,
HTFSHIG W BRAUR. ShRea B2 0.6081 nm, g/ L
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HAEE: NiAl SEMRAT 5%. BT NiAl f1 NiAIHF
MR EERIELAN, BRE¥RHEBED. Ll NiAl
1 Ni AIHf SR A A 2 Frorg e X &, 7 & Fb
RERMEMER. K NiAl fo Ni;AIHf f& 86 (101)
W4 (111 HEEidiER 4°, B4 Jesser M Kuhlmann-
Wilsdorf & a5 R 1101, 2 5 i 65 S K REFE I A H 0 bn,

EMmER/D. FrLl, NiAl #1 N AIHf #I7B LR H
284 RREXE, FATRERGOER o7y
£, BT RARELTES, BSTHBTH Si TRAADE
&P, WUEHASPRAT NigHfSiz 1. M 5 BRER
R Ni AIHE fafnd | \arl 5w NijgHisSir fEfMES
£ NiAl/Cr(Mo) AW KM LRI HIR. M 6 R FH
F47F NiAl fl NiyeHfgSi; # [011] R#FRhetinskay NiAl
PHMAHE NijgHfSiy 4, B 7 BHEA NijsHfsSiy
5 NiAl B{kp9 2 & 718l , NijgHfsSiz &5 NiAl R

B 4 NAE( oM NiAl gRbE KiEE
Fig.4 A variant of O.R. between NiAl and NigAIHf phase

| 0.2 jam

B 5 NiaAlHf # NiygHfaSiz M+ # 7 NiAl/Cr(Mo) FEXM

Fig.5 Fine G-phases NijgHf¢Sir co—existing with Ni; AIHf at
NiAl/Cr{Mo) interface
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BB 8 i NiAl #0 NijgHfgSi g9 [011] MAFshinEs) NiAl &
HMA T NigHIsSis
Fig.8 Bright field TEM image of fine G-phases NijgHfgSir
precipitating within NiAl matrix, which was taken along
[011] zone axes of NiAl and NijgHfsSir

B 7 NijgHfsSir # NiAl X SR THIN K

Fig.T Electron diffraction pattern taken from NiAl and
NiyeHiaSiy

HFEBHREFERERER 011Niar /1 [011c; (200)Niar #
(200)G (G: 1R NijeHfsSiz).

NijgHfgSiz; R# Mng;Ths BN, HABKEY
1.1436 nm, JLER NiAl 49 4 4, FFU-FRAFMER
MXELESE—ERAFREYFEREE. AE 6 s]UF
i, #/hIRME NijgHisSi; #809°FH R4 5—20 nm =
], BxFEER, RPHEA {100} T2 “ edge—on " R
. W NijgHfgSi; M I @R NiAl &) {100} &@. &
F NiyeHfgSiy ¥ NiAl Ry ACHE R/ 1%, FERE
RAREHMAE, FLLIEENS T NigHisSir 85
NiAl BfkRIERE). RIE Wen B A M S es 512
B, TR 2 AR AR IR NiygHigSiy #ET H1
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9 NiAl ZAEFRIETE. NiAl g% (Pa)l2l 2.
C11=2.115x101, "Cy,=1.432x 1011, Cyy=1.121x10',
R &M A=(C11—C12-2C44) < 0. NiyHfeSiz HEL N
R, FFUAERFESH 08 0. B ERANREFTLITH
B4 NijgHfsSiy #87E NiAl A I m 2 {100} Nial,
SrpiBEgRe el TEEMNEERZ R —
AR BYERN e R NigHfeSiy #H7E NiAl 18947
Hid B EERE. NigHfeSir i NiAl BEEZ R
RIS R AE# /N SRR S G B T {23 NijeHf6Sir
MR AR, AN,  NiAl 187 (100) (&R
Nij¢HfsSiz BB MAERK, HAHEMBLR EEBEMER
TRk R R PO,

SXEANRB A B S NiAl EfkIL# A9 NijgHfSi,
MRS EERLTRERIER, BEEaSM%HE
BB, ENZEHMARE, BT EMEEIEPTEARNT
Nij¢HfSi; £E4M#E NiAl/Cr(Mo) MA ML, Mk
K Ni AIHf AR,

B NiAl-Cr-Mo $h=5c48m [ #1 NiAl-Nip AIHf
fh—seAEE (14 "TLAHENF NiAl-28Cr-5.5Mo-0.5Hf &4
BT R T: £ 1445 C, AE&REFARNY

L — NiAl(Hf, Si) + Cr(Mo) (1)

AfR, Hf f1 Si B NiAl &, g2 &5 BEE
NiAl/Cr(Mo) R EHHE. FEBERFE, NigALHf 4850
NigHfeSiz AHBLITIRAEAF B X, Bl

NiAI(Hf, Si) — Nip AIHf + Ni;gHfsSiy (2)

XA 28k Nig AIHE 40/ NRihy NijgHfsSiz A5
R AE NiAl/Cr(Mo) AR KA e Ky HIE.

MR, TR Si BRIAENFRRAHR ESLRIEANTG
&y, ABEXHARESE, RARLTHHEE, m
FERBEHE. Joh, NigHfsSiz HER N ERRENAM,
B EAFEBAEEEAE. N AlHf HERRAE
e Ay A AE NiAl/Cr(Mo) MR E AL, X HESTES
MTFE&E& I aEr o, "ES RGBT, #XER
RoMH NipAIHE MEW, FHFURBS e ERT G
£ NiAl Bk, RAREEVBERLIER.
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(1) Ni AIHf 4§ 2RHEL MR FE NiAl/Cr(Mo) #
REh, ©5 NIAl BERGEEBRENREERAER, B
BFRHE R - H ML - I FREEE: [111]nar 1
[111]g; (101)Niar /1 (202)n. FETESEFCHIEEERT NiAl A
Heusler fi2 8] 5% By @IEHALE. BIMERIL Lk
WA R —FAE [111)Nia /1 [111]g; (101)Niar /1 (202)5.
NiAl #7 (101) E#1 Ni, AIHf 4849 (202) %% [111] HhtExt
EFET 4°. XFMEEEERARE A RKNEER.

(2) #/PhWBH NigHfSi; MHEXHFEERS
Ni; AIHf AR 7E NiAl/Cr(Mo) fFELL, EfM
NiAl ZEEERAFEBEMRBEFREXER: (011N
il [011](;; (§OO)N1A1 il (EOO)G. Ni;gHfsSi; #H7E NiAl &
WA I E R {100} Nia1, SIRIEERHAE S FRENTH
SR, WHENARERER NijgHfsSi; H7E NiAl 1
M RN EERE.

£3% 30

[1] Cline H E, Walter J L. Met Trans, 1970; 1: 2907

[2] Cline H E, Walter J L, Lifshin E, Russell R R. Met Trans,
1971; 2: 189

[3] Yang JM, Jeng S M, Bain K, Amata R A. Acta Metall, 1997;
45: 295

[4] Darolia R. JOM, 1991; 43(3): 44

[5] Chen Y X, Cui CY,He L L, GuoJ T, Li D X, Acta Metall
Sin, 1999; 35(Suppl.2):444

(GEF, BEH, RNEk, BEE, 1B SREM, 1999
35 (#T] 2):444)

[6] Locci I E, Dickerson RM, Garg A, Noebe R D, Whittenbet-
ger J D, Nathal M V, Darolia R J. Mater Res, 1996; 11:
3024

[7] Garg A, Noebe R D, Darolia R. Acta Metall, 1996; 44: 2809

[8] Lu P, Cosandey F. Acta Metall, 1992; S40: 259

[9] Li D X, Pirouz P, Heuer A H, Yadavalli S, Flynn C P. Phil
Mag, 1992; A65: 403

[10] Jesser W A, Kuhlmann-Wilsdorf D. Phys Status Solidi,
1967;31: 533.

[11] Wen S H, Kostlan E, Hong M, Khachaturyan A G, Morris J
W Jr. Acta Metall, 1981; 29: 1247

[12] Wasilewski R J. Trans TMS-AIME, 1966; 236: 455

[13] Locci. 1.E, Noebe R D, Bowman R R, Miner R V, Nathal M
V, Darolia R. Mater Res Soc Symp Proc, 1991; 213: 1013

[14] Takeyama M, Liu C T. J Mater Res, 1989; 5: 1189



