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Clark M & B Tb,Dy,  Fe,,x =027 ~ 035,y = 1.9 ~ 1.95 A2 R A RE N BMEK
HEERIAE A, = 1.5 X 1073~ 2.0 X 10" )R EMFWE (K, = -6 x 1072 Jem?) . %A
RABHBHESE, EEKE SR FRESEAR FAHEAR FRB ARSI BIK 2
RERBHUAMBAZH AR, %S EHE MgCu, B4, £ AB, ML Laves
MOLER <111> B S BEALT 1, B ER & ERERIKA,, = 1644,,.4, M, 55
REE<I1>M<100>F B M MAE L. VKB EMEBMEERE BENER
Rl & <111> B & E <111> BhE BUE B 2 8RR &, (B3 &2 143 B M . Verhoeven % A EF
FHEBTb Dy Fe, U A RBBHTREK <LI>REREK K T, A XA
Tb, Dy, , (Fe, M) o5 & 4 I 45 Bl 1] BU 1) 45 S U AR A ot — 5 B
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B4t A Thy Dy, ,(Fe, _ »M,) ,.»M = Mn,ALB,Ti %,x = 0.03 W& &, ARl HE
25 IR 6 Bk . JRH B T, Dy, Fe, Mn R4 R & 580 K 99.5% ~ 99.6% . ¥ £ & & 4R
G10mm K 150mm K #. AEREBEMEXEEMNREBEER, FAECHER. BES
B (G).BEEN 700 K/em, dEEKEE vIEA 1,4, 12,20 1 30 mm/min. & [/ 5 & # R A&
2950~ 1050 C.ArRIPHEF 20 5, VIIRK E K 50 ~ 80 mm, i T W B REB P 48 AT,
00 B et o 7] B A s D 0 ~ 10 MPa B9 FERZ T . A XSGR AT BT R & Ak e, A H-800 &Y
EH B F BB B AL L.
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B 1R RERERESFIN 1,4,12,20 F1 30 mm/min A& B AL X STERAT S . @
PLAE, [B] B 45 3R B 1) 43 R B A B X ST R AT 5 . BT L S &R (AR KB B 0 | mm/min B, 220
BT S 0 Sy 32 e, LA, 40 113, 112,440 9477 5504 5L 55, 1080 [110] &8 Bl B R S i b i)
P . 2 v = 4 mm/min B, V38R 2 [110) 8 B 28+, (BRI BT & 3L T 8 5 <113> Hle) B
. % v = 12 mm/min B, 422 i 5 0y B o 0, LAt 177 59 04 5L 55, UL M <112> ¥ S ) B0 R
M. % v =20 A 30 mm/min B, <110> A1 <113> Bl [ B[ 2 87 38 3R, <1 12> B s B 1] 28 47
55, UL A TEIR BE B B O — € (G, = 700 K/cm) B4 00 T, & 14 B 1) AR B 1 B v T 2 4k .
v = 8 ~ 12 mm/min B, ATIRIGEZEM <112> Fhia B m) .
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B1G =70K/cm&F#T. REMEARES vAIX R (a) v = | mm / min; (b) v = 4 mm / min;
(c) v = 12 mm / min; (d) v = 20 mm / min; (¢) v = 30 mm / min; (f) IEPE B RER)

220

B 221 G = 700K/em, AR SEERKER v FTBFINERERSHE . EH 202
v = | mm/min #5145 8B 4R O (R B8 DX B 0 [ WA L T FE KK i R v, AR TR VS 2.
ZER AR LB A K X, O rREE X, BB R e T Sk 4 A R X g e B R A L RT L
7E5E 0 R X, BRI & B LA (R = Tb,,Dy,,) LA BURDIR 4 A T 24K A8 1, 4k 2 RFe, M, T
BAEHREXEESHSN. . ESA LEAET RH, HH X v = | mm/min BT, & 44T H &
FRAEK, S BE 1a), T AER <110> fhmEun . B A P ERHE A EAE 2RI
ROTEERSHEERBR, &R ERRA X 2b)EW A, v = 4 mm/min B & K5
EURREN T AK. BFH THRIBKRRB WO RS, oot S ks m SR 4E KT mE2
<110>. % v = 12 mnv/min B, @& URE &7 KA K, B 20 R . EU—KRE A T, K
AT B RS, T s AR <112> B B . B 2(d) £ v = 20 mm/min B, sl &L & B
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MWEGER. HES - KENEES B, WF 4 %5, KHEEA R 100.5°, t
BRI WH w4y 55° M 3t ¥R AL e B S R BB FELE <1105, <113> 81 <112> Rl IR
18] . X B £k 7 59 0 ) 4R o} S E HE M R L <1 10> BRI B I BRI R <1125, TR
B<113> @ MHUERY v = 30 mm/min B EH . B ARG A XEK,. EW L R AR
REF Lo . sead dh AR B HUS) 5 v = 20 mm/min B HIL.

B2 G =T0K/cm FRREFEKERMHARLR

[ v 5 7 (6] 4l o) B o) 6 S B RE B R AR )2 K 1 BT AT v = | ~ 4 mm/min, § & L4
- i df s RRAR B 2R K, BAT <110> Sl o) LA A0 B 5 A (0 8 B £ g 15 7 RUAER, T L IE 2 N R
AHE.v=20~30mm/min, 3 A <110>+<113>+<112> B & b =) B @) B 5 0 & 0.
v =12 mm/min, R £~ <112> $hp B @ 2 ARG R, AU B THEE,
i EL#7 . % 89 He R 47 052 . 4E 79.577 A/m 1 1 OMPa B, <112> BiEI B E B G 9 4| = 1.080 x
1073, £ 79577 Aim BEY T SIER Sk 0, 6 AT 10 MPa B, oA, W 5 0.650 x 10 7,
1.040 x 104 1.080 x 10~ . B 3 B <112> $b o) B b 8 B 4h F S 46 0 #1010 MPa [E
RE 3T B B B 48 B2 it £ . 0T L 4E 80 kA/m BB b L ZERL A 0 0 f1 10 MPa B, 3 B iy
1524y 51 K 0.560 % 10 f) 1.080 x 103, {E 400 kA/m & 5 F . [K1 53 % 0 #1 10 MPa B, 8
B4 SR N 1150 x 102 1700 x 1072, S B F G ER AR B d 55
2262 x 10 *m/A LA E.BTIFHI 69 <112> BE HL M &) Th-Dy-Fe § &# 8. 2 M T # & K5
KK TRER KRBT T RELSR.
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v =| ~4 mm/min v =12 mm/min v =20~ 30 mm/min
2 <1 1045 /5] 4 ) <1 12>%hin) B ia) <L 10>+<113>+<112>i{] - Jh @ B
80 kA/m 400 kA/m S80kA/m 400 kA/m 80 kA/m 400 kA/m
EEEISA0OMPa 530 1050 530 1070 170 850
# LG OMPa 560 1050 S60 1150 650 1050
He-BS 6 MPa 650 1150 1 040 1400 700 1100

ARG 10 MPa 650 1150 1 080 1 700 800 1100
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Tb, Dy, ,(Fe, _ »M,) ,»M = Mn, AL, B, x = 0.03 & & 1F 5 IR BB B8 KB P AT XA 8
WBEE B, sk FRR RS EREASESEERER v EL. G =
700 K/em %4 T, B v = | mm/min B, & 4 DAV 1 &8 7 R A K. <t 10> 95 o) B0 B m) . Y
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partial crystallization of amorphous phase producing Ti Si, phase; the second is crystalliza-

tion of the rest amorphous phase producing the corresponding titanium aluminides accord-
ing to the relative amount of Ti and Al in the elemental mixture; and the last one is
grain growth of all the phase in powders. The crystallization result in formation of Ti Al
TiAl and ALTi according the powder composition. TiSi, is the only silicide produced by
crystallization reaction. The annealing treatment (less than 800 C for A3, A4 and AS,and
750 C for A6) shows that the grain size of all the phases fall in nanometer range.

KEY WORDS mechanical alloying, nanocrystalline intermetallics, composite, Ti-Al-Si
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Crystallogrphic Orientation and Magnetostrictive Properties of
Directionally Solidified Laves-phase Tb,,Dy,.(Fe,M),ys Alloys

Zhang Maocai Jiang Chengbao Zhao Qing Gao Xuexu Shi Zhenhua
State Key Laboratory of Advanced Metals and Materials, UST Beijing, Beijing 100083, China

ABSTRACT The crystallographic orientation, morphologies and the relationship between
the orientation and magnetostrictive properties of directionally solidified Laves-phasee
Tb,, Dy, , (Fe,M) 195
With increasing in Laves-phase growth vilocity at a high G, given, it is shown that the

alloys by zone melting with high thermal gradient G, wre studied.

solidification structure of alloys are from planar to cellular and to final dentritic structure,
and meanwhile the crystallographic orientation of the Laves-phase are various correspondent-
ly. The optimum magnetostrictive properties of the alloys with perfect <112> axial orienta-
tion are obtained.
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