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NigsFeqoTirs & & M & 40 Fe(99.99%),
Ni(99.99%), Ti(99.99%) 7t Ar < B R ¥ T~ & #
o LS LI IS BT R, R LN 2 g SR
TR FERE 3N A 00.3 mm /ML TN
@16 mm x 150 mm A FRE H, A E R E E
THE T, BIEEM AT £ 2.0 x 107° Palq, &
7 FE 4l He (99.999%) A1 Ar (99.999%) KR &S 4K
0.1 MPa. SR Eek R I B s R i e
It #4200 K, ERE AN Ar & S5
MR TS BT HH A T I R PR e [

SIS SE A, K WA B Rk [ S S A R
KNEAT 53 S8R, 06085 oy, SR FH %) 5 e 7 S
40 mL CoH;OH+1.5 mL HF+0.5 mL HNO3 & .
FIFH FEI Sirion 200 24434 W+ R A5 M 22 440 12
T ZURRIE; SR Oxford INCA energy 3000 7 &g
BTG E ¥ 5 0 A AR HH-15 JRE0AE S 5
THRSAS )3 ¥4 B S 8 [ 1) 4 4 W0 3 AT T
PERE T, Herb AN 1000 kA /m.

3 SR
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Fig. 1. Composition location of Niy5Fes0Ti5 alloy in

the phase diagram [12].
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Fig. 2. (color online) Cooling rates and undercoolings

of NigsFeqoTi1s alloys with different droplet diame-

ters.

32 Ni45Fe40Ti15 %ﬁﬂl‘] 4%%;1%@25%1##
ERBER

SRS = 0 NigsFego Tiys & & W0 B A& 1E
160—1050 pm 2 [, bR s i [ 41 240 14 3 fr .
& & I e 41 4L y-(Fe, Ni) [V /AR Feo Ti 428
[ 4 & 7 795 A AL R 101, HG o i 41 O - (Fe, Ni)

[ A A, TR (4 Feo Ti 42 J& (8140 & W) AH 32 40 A {E
v-(Fe, Ni) B difal. B3 (a) 45t 7 B2 4 1050 pm
HEWH I EEHLR, MRS R A 42 K, v LE

B 40 P 15 50 3 A7 B RELOK BIAE AR - (Fe, Ni)
W AR, MRERTBOR I 7 B 3 (b) H e 3]
TRAE AR OROE, R B R A KA.
7 AN R TP A VO 1R PR BT B R, FE AR T AR
Je v 10, DR de 0 2 ANV 2R TR AR, 19) 0 Y
AR, BRI AT A & A, R %
PR BRI /N A 160 pwm B, X R BN
210 K, HE 3 (c) F1E 3 (d) /T LAE H, #4498
FAL, BRASRIEL S A S5 a4, Bk [E 2 24T
SR UL o 32 BERHAE.

F1 IHEAFTHE Ni-40%Fe-15%Ti & & S
Table 1. Physical parameters of Ni-40%Fe-15%Ti al-

loy used in the calculations.

Parameter Value
Liquidius temperature, T1,/K 1544
Heat of fusion, AH;/J-kg™! 2.13 x 10°
Specific heat of liquid, Cp/J-kg-K~1 700.17
Radiation coefficient, 0.37
Density, pq/kg-m™3 7.16 x 103
Viscosity of mixed gas, u/kgm™1.s~! 0.0889
Thermal conductivity of environment gas, _3

1.77 x 10

A/Jm~ls 1K1
Temperature of environment gas, Ty /K 293.15

Stefan-Boltzmann constant, o/W-m~2.K~% 5.67 x 1078

Boltzmann constant, kg/J-K 1.38 x 10723

N T % B 73T NigsFeyoTiys 7 < i 8 4 211
AR, SEER N E T y-(Fe, Ni) k¢ S AEA A4
JEEZE AR I R SR IRV BE, 55 0 Rk BB 0 14 A S
SEIRAAT X, WK 4 FR. VEE R, IR
Vi) 2 o 5 Tk 4 B2 R 398 KT 2 Ml /s 6 2 08 R X

A\ = 7.12 — 0.02AT. (10)
1E42—210 KBk ¥ B X 18], = ROBE & 18] #E
7.31 pm /DN B 2.41 pm. 1 7E K Rk 3 B 1L
S

Ao = 23.65 — 0.17AT. (11)
1E29—62 K1)k v B X (A, = &A% dn 18] 85
18.8 pum /N F 13 pm. HRHF (10) A (11) A wf
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S, TR S0 S T R G R B A ZE ORI
AT A A B B ] ZR T HL R 16.07—27.40 K /s,
T 8 26 T WO VA A R 5 R 1,10 x 103—
3.87x 10* K/s. ¥ AR, A F7 1 Ak HicHER
PR, DRI VA 5 21 T 15 380 1) g o] 2H 24 B Sy A,

L]

[]

lg 3 Z: A é’ﬁﬂ:@yﬁﬂaﬁé? Ni45Fe40Ti15 é‘ﬁﬂ‘]ﬁ?ﬁlbﬁléﬂ
ZUEH  (a) D = 1050 pm; (c) D = 160 pm; (b), (d)
3R (a), (c) ALK E

Fig. 3.
NigsFeqoTiis alloy with different droplet diameters:
(a) D = 1050 ym, (c) D = 160 ym; (b) and (d) are

the local enlargements of (a) and (c) respectively.

Microstructural morphologies of the

20r ® Drop tube
O Glass fluxing!9
15+ - A2 =23.65—0.17AT
£
=
~
<
10
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51 N\?l\u
0 1 1 1 1
0 50 100 150 200 250
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4 PRS2 44 T NigsFeqoTirs o4 — U0k & 1]
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Fig. 4.

NigsFeqoTis alloy solidified at two experiment con-

Sececondary dendrite arm spacing of

ditions.

X AN [ I 4 FEE T B < YR ) ] AL 2R E AT
gy b, BS g T A FEE Y R TiAI N PIART

FAE y-(Fe, Ni) P & &84k, AT WL, ¥ Ti
£ y-(Fe, Ni) 517 & Bl A 1o ¥ FE ) 3 KT 38 K.
A B 42 K R R ST & &0 4, ¥R Ti
TR N11.88 at.%, Mt A K F| 210 KK, Ti
TCERSEXR T 13.04 at.%. A, FEELAER
K, ~-(Fe, Ni) B b Ni & 5 1 42.97 at. % K
$153.69 at.%. FEEIRIL R ZMET, BT AE
v-(Fe, Ni) #HH BB FE By R, KA T IH A
B U

C/at. %

0 60 120 180 240
AT/K
5 ~-(Fe, Ni) fHIC R & BHEd 4 B 1AL
Fig. 5. Solute contents inside the ~-(Fe, Ni) phase

versus undercooling.

3.3 RIFEEFZH T NigsFeyoTis € H
sl

TR VA BT ] 2% 1 T A S I O 2H 2N 45
FA)REALE 1515 5 R0 58 [ 7 92 1) % T G ) 5 A AR OK
Z5, X — DR G S IR R VR &
N NigsFeqo Tivs & @ MRLH R 2 a0 ] 6 (a) BT, 1
FVREA 58 % M B R LG 58 FE M, A A i )
H AEHT3R 2. Wi R 2635 AR BB, wbd
[ 28 E, T AR AR /), W R FE AR /1N, SR R 47
(i e RE. R EL M,/ M, AT B R TR —
ANEIESH, KA EREL R RZWE 6 (b) B
N, B A G, B A HL A 0.05 8/ 2
0.02, Hi=1ERE R E .

B 5 3o VA B 1 OK, VLR R Ak 5 B M HR 22.47
K F)41.82 Am? kg™t Hid A H140 K1k
94 KB, VAR A0 9 B 4 R E, Mt W
AT > 94 Ky, WA REAL T FE AL AN . (%
G0 R A O R R B A 7 R R T AR 5 A U i
B T8 RE B oy B 5% B, AN 52 2% o R o )R~

FsZm 221 Hamzaoui 25 23] Al Jartych 25 P4 &R 3,
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A AL N 5 FEAMEL S H R A 5%, AR
5 B < 1A T W A T 0 5 ) o A9 RS AT O%, el
TR RLPE RE 2 AR N B8 T AR R 1 AT
ARYANH T HUIE /15 7 22 1) i 5 e
POE I, IR F B AL B A e e 5 i AR
IR, PR B [ AR AT LI A2 i o

fem e

50
(a) —
25
)
-4
2 oop
~
=
sl — 40K
--94 K
_____________ —— 138 K
_50 1 1 1 1 1
—10 -5 0 5 10
H/10° A-m~!
0.08
(b)
0.06
S
= 0.041
=
0.02
0 1 1 1
0 50 100 150
AT/K

6 (MTIRE) AN FES A BT NigsFeao Tins &4
RIS R (a) WERFIEIZE; (b) L

Fig. 6.
NigsFeqoTiis alloy droplets solidified at different un-

(color online) Magnetic properties of

dercoolings: (a) Magnetic hysteresis loops; (b) square-

ness radio.

T2 AR BEFAT T G S0 ML Re S 5
Table 2. Magnetic parameters of droplets solidified at

different undercoolings.

AT/K  Ms/Am%2kg=' M;/Am?kg~! H./K-Am~!
40 22.47 1.18 3.33
94 40.21 1.62 1.66
138 41.82 0.63 0.80

B2 R R E 2, A ULE. kR
PR R W) PO S B A BEROR, B
Wi H, H13.33 /8 #0.80 K-Am~t, & 4 WG

VEREHA Rt . X TR RS &, M &1 5
Y19 22 AN /N B R 2 TR AF T BRI AR TLAE L, 25 dfokE
BN d BRHEAZ K E A Lox H diE/NT Loy B,
H, 5d° 2IEH, RIBEE &R RS8N ks
1 1260, (B H - SR Bkl s K B B A L4k,
NigsFeyoTiys £ 400 e [ 21 231 ok R ~F iz K+
ARG AT A B, R VA BE S NigsFego Tins &
ST AR AL 75 Bk — PR

4 #

1) ﬂl’ﬁﬁ‘ﬁ%@%, NigsFeypTit5 G R
HIHR KA SR EAE VISR, BE R E
£ M 1050 98/ E 160 pm, A EITE R 1.10 x 10% 1
KE3.87 x 10* Kes™1, fe KA A% 210 K.

2) A 4 BN 11 U5 [ 4 23 k- (Fe, Ni) [ 3% 44
Hl Feo Ti 42 J& R4k S W0 W AH LR, BEAE VA T K
v-(Fe, Ni) AH & 4 S okigu 4k, 6 = 0kt & 1] BE 2 48
PRV /N, B [ 20 23 36 B LUK 4 R R BEARAE.
TifE v-(Fe, Ni) AHH [ B 11.88 at.% 42 & 2
13.04 at.%.

3) PRI Bk [ NigsFeqo Tins & 4 MR £ I
R ) R 1 e B R VRO ELAS E 1100 gk 3
300 um, FFE LI/ T DU Ry, VRN G AL 5 FE R
22.47 1K 3 41.82 Am? kg1, Hrii 11 B 3.33 /)
F]0.80 K-Am ™!, VA& oA B AL BEHAR W] DA 232

)
Rl e

FESIIR e o3 i R rh A5 2 2 KR G ) S A 3
BRI, #E3—FFBU4.
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Abstract

Ni-Fe-Ti ternary alloys, as a type of structural and magnetic material, have received more attention in the industrial
fields in recent decades. For the purpose of providing necessary experimental data and theoretical basis for industrial
appliance of these alloys, the researches of rapid solidification mechanism and relevant application performances of
NigsFeqoTiis ternary alloy are carried out in this paper. Rapid solidification of undercooled NissFesoTiis ternary alloy
is realized in a 3 m drop tube under the condition of containerless and microgravity state. In an experiment, the sample
with a mass of 2 g is placed in a 16 mm x 150 mm quartz tube with a 0.3-mm-diameter nozzle at its bottom. The quartz
tube is then installed in the induction coil on the top of the drop tube. The tube body is evacuated to a pressure of
2 x 107° Pa and backfilled with the mixture gas of Ar and He gases to about 1 x 10° Pa. After that the sample is melted
by induction heating and superheated to about 200 K above its liquidus temperature. Under such a condition, the melt
is ejected through the nozzle by a flow of Ar gas and dispersed into fine liquid droplets. These liquid droplets solidify
rapidly during free fall, and the droplets with the diameters ranging from 160 to 1050 pum are achieved. As droplet
diameter decreases, both cooling rate and undercooling of the alloy droplet increase exponentially, i.e., from 1.10 x 10® to
3.87 x 10* K-s™! and from 42 to 210 K (0.147%,) respectively. The microstructure consists of y-(Fe, Ni) solid solution and
interdendritic FeoTi intermetallic compound. As undercooling increases, the coarse v-(Fe, Ni) dendrites become refined,
the secondary dendrite arm spacing linearly decreases. Compared with the result in the glass fluxing experiment, the
dendrites are much refined by drop tube processing due to the higher cooling rate obtained. The amounts of solute Ni
and Ti content in the 7-(Fe, Ni) phase enlarge evidently with the increase of undercooling, suggesting the occurrence
of solute trapping. The magnetic properties of thealloy droplets sre also analyzed. When droplet diameter decreases
from 1100 to 300 pm, the saturation magnetization increases from 22.47 to 41.82 Am?.kg™', the coercive force decreases
from 3.33 to 0.80 KAm™?, and the squareness ratio decreases approximately by four times. This indicates that the soft
magnetic properties of the alloy are improved remarkably by drop tube processing. Furthermore, the mechanism for

substantial effect of undercooling on magnetic parameter such as coercive force needs to be further investigated.
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