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Fig. 1. (color online) Thermal analysis and X-ray
diffraction patterns for ternary Fezz 3Cuss3.3Sn33.3 al-
loy under free fall condition: (a) Selection of alloy com-
position in phase diagram [24]; (b) DSC thermogram;
(c) XRD patterns.
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Fess.3Cuss.3Sn33.3 alloy droplets: (a) Surface temper-

Heat transfer characteristics of ternary

ature changes with diameter and time; (b) undercool-

ing changes with droplet diameter.
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Table 1. Physical parameters used for calculations.

yE HfH
G AR, T /K 1488
HEIBEINEE, pr/kgm™3 7331
GEBMHILI, Cpr, /T kg™ P KT 513
BEBERRT BRE, o /m2s™! 8.35%10~?
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BRI, Cw/J kg™ K1 390
HEARE, r/m 0.11
BB, t/s 1x10~8
R, T, /K 300
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Fig. 3. Solidification structure characteristics of ternary Fess.3Cuss.3Snss.3 alloy droplets: (a)—(c) The mi-

crostructure morphologies varying with droplet diameters; (d) maximum aFe dendrite length versus surface

cooling rate.
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Fess.3Cuss3.3Sn33.3 alloy ribbons: (a) The surface tem-

Heat transfer characteristics of ternary
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sus surface cooling rate.

158101-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 38 % 3k Acta Phys. Sin.

Vol. 65, No. 15 (2016) 158101

322 ZABEBEMLUFIE

K FH X5 8 i 95 5 R XA [7) 3% 1 A 20
BNFB NG & %0 AT 50, E =T
Fegs 3Cuss 3Sngs 3 & &AL MR 204 K T IAHAL
. A A R R R T FE R R A R N
aFe, CusSn Al CugSns —AH. F&T XRD fi75f i,
132 7 aFe AHI G & 7 £ o BE R A 2E 2 R 1)
KR, WS (a) Fras. AL, oFe AH ) fb A% &
Kbt o T R A T R, X EERT
9 Cu Ml Sn T R AE S A PR ik [ it A2 1 [V T aFe
FHA TGS, DRk, B A6 2 T 4 40 T 3 (g T
oFe FH I s H R 218 K.

TEIB AR 2V SER T, B A5 36T ¥4 200 2R 1)
K, =70 Fess 3Cuss.3Snss.3 & 4 5% 7 I J5 i
BE 2 /. & ek R AR A ZIEFE N
8.9 % 106 K-s~ 1 iHAF] 58 pm, TifE 2.7 x 107 K-s~!

(@) A Exp.
—— Fitt.

2.888

< o2.884

a

2.880

7 14 21 28
R./106 K-s—1!

WU A 28 pm. KA HHBE AL E G &
25y (10 BE, i L 6T I O 2H G 2 1 R .
AN [) R TH ¥4 2 18 26 1 20 H 2L 50 W 6 B
7N, R B AT AE aFe AH, K €4 AH AT (0 AR
43 3 A FE TR CuzSn il CugSns AH. ATCAR I, =76
Fegs 3Cuss 3Sngs 3 & & M &L 4 27E 28 %4 T
WAREA A 7> BT, AR aFe HHAEKTESH
ANTE], IR I IR) B 177 1R ] 2 PR A e X TIX
Y Em X, 1% X 52 S AR (1 SR R oK, it B 4H.
DL ST A/ OREIR i R RRAE; T IX M AR X, 1%
(X 52 SR A AL AR 58 BRI 0L B R 5k [35] 2H 23 ¢
JRHR, HoA B o M bl B — IR AL

i3 Scherrer P 24 30t aFe A1 37 fi ki ] ~F
AT T HEIR AL

kA

= m7 (12)

¥ aFe(110)
96 |- — Fitt.

90

d/nm

84

78 C 1 1 1
7 14 21 28

R./106 K-s—1!

5 ET X LA HTE RN aFe MRS FER A BRI (a) SBEFEG (b) TR

Fig. 5. Characteristic sizes of aFe phase versus surface cooling rate based on XRD analysis: (a) Lattice constant;

(b) average grain size.
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Fig. 6. The solidification microstructres of ternary Fess 3Cus3.35n33.3 alloy ribbons versus surface cooling rate:
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Fig. 7. Hysteresis loops of ternary Fez3 3Cuss.3Sn33.3 alloy ribbons at room temperature and their coercive

force versus surface cooling rate: (a)—(c) Hysteresis loops at different surface cooling rates; (d) coercive force

versus surface cooling rate.
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Abstract

Rapid solidification is a typical non-equilibrium phase transition process, and the crystallization rate of liquid metal
is larger than 1 cm-s~1. If the alloy is solidified in this case, the solute segregation is reduced or even eliminated and the
solid solubility can be improved significantly. Rapid solidification technique can be used to refine the microstructures
of alloys, which provides an effective method to prepare the novel metastable materials and improve their strengths,
plasticities magnetic properties, etc. In this work, the rapid solidification mechanism and magnetic property of ternary
equiatomic Fess 3Cuss.35n33.3 alloy are investigated by drop tube and melt spinning techniques. It is known that Fe-Cu-Sn
ternary alloy forms a typical immiscible system. However, the experimental results reveal that the liquid phase separation
does not take place during the rapid solidification of ternary equiatomic Fess 3Cuss 3Sngs.s alloy. The solidification
microstructures are all composed of primary aFe dendrites together with CusSn and CugSns phases. Under the free fall
condition, as the drop tube technique provides microgravity and containerless states, the maximum surface cooling rate
and maximum undercooling of alloy droplets are 1.3 x 10°> K-s~! and 283 K (0.19 T1,), respectively. When the surface
cooling rate reaches 1.9x 10% K-s™!, the primary aFe phase appears as coarse dendrites, and its maximum dendrite length
is 41 ym. Meanwhile, the CuzSn and CusSns phases are distributed in the aFe interdendritic spacings. Once the surface
cooling rate increases up to 3.3 x 10®> K-s~!, the morphology of the primary aFe phase transforms from coarse dendrites
into broken dendrites. It is found that the cooling rate and undercooling greatly affect the solidification microstructure
of alloy droplets. During the melt spinning experiments, since the large temperature gradient exists between the wheel
surface and free surface, the solidification microstructure is subdivided into two crystal zones according to the different
microstructure morphologies of aFe phase: fine grain (zone I) and coarse grain (zone II), where zone I is characterized
by granular grains while zone II has some dendrites with secondary branch. Under the rapid cooling condition, the
microstructures of ternary equiatomic Fess 3Cuss 3Sns3 .3 alloy ribbons are refined significantly and show soft magnetic
characteristics. As the surface cooling rate increases from 8.9 x 10° to 2.7 x 107 K-s~!, the lattice constant of aFe solid
solution rises rapidly and the coercivity increases from 93.7 to 255.6 Oe. Furthermore, the results indicate that the grain

size of aFe phase is the main factor influencing the coercivity of alloy ribbons.

Keywords: rapid solidification, microgravity, dendrite, coercivity
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