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I F BB R A 4 Ni $2(99.95 wt—%) 14l Al $3(99.5 wt—%), RBEEIH 15 um. Ni,Al Hi
BERAHETIEHEBIEHRE 100 g HIMELRFTR, FEIRREL 200 um. HHEE
HLTE Spex 8000 ERESHL_E3E4T, $#N 420 r/ min. FAR KA T ARG /EERE®, FH GCrls
WEETEEER, B2 10mm. BXRKBEHAKBSEMEK 10, BREERLN 6.1, HBRA
ERFB AR MERBEMEEZE 133 MPa, A Ar X, BRE-RARE 2—3 K, LIBG LA REERE
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Fig.1 Effect of milling time () on particle di- Fig.2 Variation of grain size of Ni;Al alloy
ameter (d) and microhardness (HV) of powder with milling time

Ni—50 at.— %Al powder

SEHEAR, LR NE la, AL 1 h BREE, Ni-50 at.—-%Al E4¥ KK FHERZEH 40 um,
BEDTAERT [H) O ZE 1, FHIEABA, 7 2.5 h iAFIE A{E 80 um, RIGRBIZE/AN. 3h FH 32
pm, 10h EZE 16 um, LLUEEEF 100 h, iR-FHERE TIRE. REERE 70 1100 h #EK
) XRD Wi B R R4S S nm. 1T NiAl BRIEE S, IURERE, RESHEF, B
AEAHEANSRA, BB EEM, ANEH, BRARYM, BIMAFHERN 200
pm. B EEERIE(F S Bt — a4k, 4B Scherrer 3 0 TSR Y SR AE

L=ki/(Bcosh) )

XH LN X HREK, KREH 0.15 nm: k AHEE, 09197 B ARSI LR, 0 AT
RGO E. & RME 2 Al 4 5Sh EKE, NiAl B8R R T H 200 pm BRI THEE 14
nm, £ 10—50 h 3REE, SRR T4 10 nm, % 60—100 h, F2E7E 8.5 nm £ 4.
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il 20—30 4> Ni—50 at.— %Al ¥ KH BgiERE, BOFHME, SENE b, TLUE
tH, 21 h KB, HSBKRNYTFHEREN 475 BEERESF AR RELC, BEREMM, #Bxd Soh, B
REMGINE T V42, WA 2R 7r BREE 3 h AbHILEE T, RESWEAR NiAl &R LAY
B
2.3 MFRLALH

HAORMASEMBRAYS, WERSHER, URShAREm4A2. WNE3 TR,
Ni-50at.- %Al &8 KL | h BREACA KNARFRHRESH K. £ 1h f25h RE/G,
a LR ARG, BFEETEE, RS HA Ni AL 38R R R NiAl
Ay, 2 3—100h BEES, B ARAL A RMNE, CREHAAS. WE 3 ETUEHB AR
< BHER BE i (8] (1 A4k
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Fig.3 Metallographs of Ni- 30 at. %Al powder after different tume of milling
{a) Thoib 25 h () 3 ho(d) 50 h
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P 4a b Ni-50 at-%Al B AERBEES 09 XRD iy, a7 0L, £82.5 h BUEE,  Ni B0 Al i
SR, WEkgs: EREE 3 h A, NIAL Gk S Yad AT eheE R 4k, Ni R0 AL R
B, WA 253 h ZE KL THAE, BESh BRABASEEAEN NAlbad, LB
o, BHERESBTREEHCE] 100 h, XRD AT IL, (R0 Sk - FLTE R4, PN .

B 4b 2 Ni-25 at- %Al B AH ARG M XRD . £ 1 h 2REE, AlERFHI Ni B E8
SR, £ 5 h BRI T NI, 585 NLAL S XRD I ERE, RRI N AL ABEAT
G, GESLEREET 60 h. XRD i #1881k

BiERBE B ] (3 b, N AL TS ) R D A RS R, 22 S h BREBSS, NijAl
fir 4t i #1001, [110], [210) %5 8 S MR S L2500 %, WA 4c, HMCHARFEENE
Fedi. BEERBERMAOZ b, ATMEEMERM N, B 10100 h, BERABL AL, ARk
TR AE e 1.
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Fig.4 X-ray diffraction patterns of powders after different time of milling
(a) Ni—50 at.—%Al, (b) Ni-25 at.—%Al, (c) Ni,Al alloy
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3.1 BERERSREMEL

Ni-50 at.-%Al BRAWAKREZ 2.5 h BBB AR, HetABEA, BEEHV)ED
600. HAM KB THARBINERE, SIAT AR SHRE, HETHRESAMLIF
PAERGEE 0, B, fTERESRMERTENE 100200 K ). FTLIEREE 25-3h 2
e E—BRE, SIERBRMERP, ERT NiAl &R ELAYOLE 42). KEFRE, B
KA TS F4HSBURB ML, £ 70—100 h BREEIM) K bR 4 5 nm. §8 NiAl
BRI RIRE —ER RS UT, 25 8EMEMEBHEE . Hit, AIRESTES
R NiAl B BIG0K f5X — 45 B0 T3 NiAl 2 & E4L S Y e SRR Esa + o EEN
B

Ni-25 at.-%Al BAMKERMEREN L Sh BREfE, U Ni EE. Kbkt
THEFRE 2T, 10 MRS TFHMEA Ni §& 758 at.-%, Al §84 24.2at.-%, BiEH Al
DAHEA N, RN —FEFE T mmEEE. RAITEHE AL 600C B X 10 min,
X SHEATE S RAE W Ni B DER N NLAl KBEERFSRALSY. XROFIMAE
WAT LAY KT R MRS, TR R AR 8 8 | It th i BIUL RN & &4t i T
FRARSREREANLEYARRAITN, T RERE EAIETFEH.
32 BFEIFBRTESAXKS
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WAL Sh EEEEREE, X HTEK EMAKNMIRCESNNE, BTALHFN fec TREE
%, FXEBFEHL 600C, 10miniB Ak, X HEATHIMEHCHELFEY L, B
NiAL VIRTA#E, Ni,Al @BABUAELLAERAFDEFMOHEE D, NLAIHEE
BIARERERBILF S REMANrhEMEER, RAEBHE, TR, BARASHT
(1/2a,<110> (BB~ ERAHBER, 1T/ 6)a,<211> A EBIERE R
B R OO BT RBEA M, i Ni,Al i L1, ZH52 4 M foo 454,

ME 4c ) X STERATEHERRTLIE H, AR EPBEERE, ATHgRREd. amT
FERLSR X S 2R AT 5 0 38 A0, B9 32 B2 PR R S 40 AL ks A AR, b R AT A Scherre 38
HH . ZAXEHT 1—100 nm FRRFHEE. BB SRR H R A HE N M BYE %
AR, BEHSIBRARRIALE, (BEMESR ERMERN Y. WK 2 iTLEH, NiLAl#HA
AL 10 h Bl EVUBREREE, ROV —Fh &R 4L &P KA Rl AT T HIRF LR,
TERFFAIR &R, TP FIsk BE AR 4 15 2 0 1B e 3%

4 % B

(1) Ni-50 at.-%Al &8 K, 7E Spex 8000 Mixer / Mill SRESHLhBfBE 3 h £ 4,
R NiAl £ @ | {54, WEEBREZE 50—100 h, NiAl € &\ 5 X P ERA 10
pm, WIESPR T4 10 nm, RAFKESRBELSY.

(2) Ni-25at.-%Al BE¥WM AL 5h D L EHEEREE, ERIERE Ni BEE, £ 600T
Bk, HBEAKEARF Ni;Al &RBEWLSY.

(3) NLAIHiEEkB KL Sh DL EHIRE, HEKEERF L, SMREEATFREN
fec 4544, WREERS AT 10 h, EF foc WAL RAK T, £ 600CE Kk, XHEENKE
AP L1, B NijAl
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PREPARATION OF Ni—Al INTERMETALLIC
COMPOUNDS BY MECHANICAL ALLOYING

LI Gusong, DING Bingzhe, MIAQO Weifang, YE Lilei, GUO Jianting (State Key La-
boratory of RSA, Institute of Metal Research, The Chinese Academy of Sciences,
Shenyang)

(Manuscript received 30 June, 1993; in revised form 18 August, 1993)

ABSTRACT The powder mixtures of Ni and Al with compositions of Ni—50 at.—% Al and
Ni—25 at.-%Al as well as Ni;Al alloy powder were milled in a Spex 8000 Mixer / Mill
respectively. After 3 h of milling, Ni—50 at.—%AIl mixture transforms into NiAl with grain
size of about 5 nm, while after 5 h, Ni-25 at.— %Al mixture transforms into disordered
metastable Ni solid solution. As to the Ni;Al alloy powder, 5 h milling makes its structure
change from L1,-type intermetallic compound with long range order into fcc disordered solid
solution; further milling results in the formation of nanocrystalline structure.
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