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Fig.1 [llustration of the cold crucible vacuum induction melting
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Fig.3 Microstructures of samples with different heating power and melting times: (a) A1, (b) A3, (c) B1, and (d) B4
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Table 1 Theoretical and measured content of C, O impurities

BEURTRIRE R B A=

with different melting time and vacuum degrees
(/%)

Impurity T C1 Cc2 C3 D1 D2 D3

C 0.004 0.010 0.011 0.014 0.016 0.012 0.007

0] 0.046 0.054 0.057 0.059 0.064 0.059 0.049
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Fig.4 Temperature field distributions of the ingots simulated by ANSYS at different cooling rates for 5 min: (a) E1, (b) E2, and (c) E3
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Fig.5 Longitudinal cross-sectional microstructure images of the ingots and EBSD images of solidification structure of different regions at

different close velocities of heating power: (a) E1, (b) E2, and (c) E3
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Table 2 Mass loss of 5 tested samples during melting (g)

Sample No. 1st 2nd 3rd 4th Total
F1 0.82 0.08 0.01 0.02 0.93
F2 1.12 0.07 0.04 0.03 1.26
F3 0.74 0.02 0.08 0.02 0.86
F4 0.68 0.08 0.00 0.00 0.76

F5 0.33 0.02 0.01 0.02 0.38
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Table 3 Content and mass change of main elements for 5 tested samples
Element content, w/% Ingot mass Mass change/g
Sample No. " Itina/
Ni Ti Nb after melting/g Ni Ti Nb
Nominal composition 48.39 36.94 14.67 - - - -
F1 48.67 36.34 14.99 499.07 1.40 -2.99 1.60
F2 48.92 35.99 15.09 498.74 2.64 -4.74 2.09
F3 48.18 36.64 15.18 499.14 -1.05 -1.50 2.55
F4 48.62 36.19 15.19 499.24 1.15 -3.74 2.60
F5 48.58 36.25 15.17 499.62 0.95 -3.45 2.50
Average 1.02 -3.28 2.27
0.03 kKW/s, #% 5E F) K8 7k [] 25 28 8 g 5 X 5 MR
=]
— X o
s (FL~F5) _ (G1~GS) it X ol 9%
E O o, oo 4>t NI A Ti U202 e 10 SRS 5 300 Kok &
z o — - sy
gQQ}Qmeﬁ:DB o IR o vh 5 < 4L T R ARG, 3 I JEURE b R L
S 3 @ e s = M) g 2 b et e :
I gy a e T8 RHEAT AR IE T W] AR A RO R it
c 8 o 1 S — N N ~
g § -03f ° 1 O ANi (F1~F5) 1T1'§EE%EEE%%{D]MEE%Xﬁkﬁﬂ‘]ﬂﬁfmﬂ?ﬁi%ﬂﬁ
R 1 < (F1~
57 o6lo | oumtie 029614
1S ol @ ANi (G1~G5)
2  09f o : ® ATi (G1L~G5)
S | & ANb (G1~GB) .
© gl . L 5% 3k References
F1 F2 F3 F4,F5 G1 G2 G3 G4 G5
Sample No. [1] Jani J M, Leary M, Subic A et al. Materials and Design[J],

K6 EHEBFEE ERT (F1I~F5) 5{2IEfF (G1~G5) #E
Ni. Ti. Nb Szl & &5 4 & &M ZEN L

Fig.6 Differences between tested and nominal content of Ni, Ti
and Nb before (F1~F5) and after (G1~G5) adjustment of

melting loss

3 & g

DI AT 5 I RO R & A B A
E A o AR v IR A T AN 2 R MR A A T
FHITR TR G, MR FELT 20 kW (&
WERIRT 1465 C) BURHXEIRT 3 IXINEL S 331
ke R Nb JFURHE AN T8 42, BETT I/ < v 3 A
DX R

2) I TR S B R b CL O S 4% R
TR EEART. BAKRE, G8FHK C. 0 HEH
Ko I T (K SE AT 3G I, Bl 2 BE PR TR T AR, HL
R i AN Gy R

3) < 6 HE 10 ok [ 2H 2152 B A 4 ) 1) 1)
SO . BEAE Ve AR R R BRI, B EE A IR R TS X R 1
K, B IE AR ZE 0.07kKW/s B, #5458 T 4A
DU B AR X, i — D B R T RO P R R

2014, 56(2): 1078

[2] Piao M, Miyazaki S, Otsuka K. Materials Transactions
JIM[J], 1992, 33(4): 346

[3] Yang Guanjun(#jE %), Deng Ju(X’ 4E). Rare Metal Materials
and Engineering (% A 4 J& #4 %1 5 T.#2)[J], 1998, 27(6): 322

[4] Hamilton R F, Lanba A, Ozbulut O E et al. Shape Memory
and Superelasticity[J], 2015, 1(2): 117

[5] Yin X, Mi X, Li Y et al. Journal of Materials Engineering
and Performance[J], 2012, 21(12): 2684

[6] Otubo J, Rigo O D, Coelho A A et al. Materials Science &
Engineering A[J], 2008, 481-482(1-2C): 639

[7] Jiang Bingyu(#%/%7). Rare Metal Materials and Engineering(#
A& B RS T[], 1999, 28(2): 105

[8] Sakamoto K, Yoshikawa K, Kusamichi T et al. ISIJ
International[J], 1992, 32(5): 616

[9] Chu S C, Lian S S, Chen F K. Acta Metallurgica Sinica[J],
2004, 17(3): 229

[10] Otubo J, Rigo O D, Neto C M et al. Materials Science &
Engineering A[J], 2006, 438-440: 679

[11] Frenzel J, Zhang Z, Neuking K et al. Journal of Alloys and
Compounds[J], 2004, 385(1-2): 214

[12] Yang Genlin(##R#k), Wang Ermin(E ), Han Jin(¥ 2h)
et al. Journal of Materials Engineering(#1 ¥} T#2)[J], 2011,



5 6 10 TRk A, AR 5 NITIND 2 420 R 2 2R s o +2191 -

(11): 51 [17] Olier P, Barcelo F, Bechade J L et al. Journal de Physique IV
[13] Frenzel J, Zhang Z, Somsen C et al. Acta Materialia[J], 2007, Colloque[J], 1997, 7(C5): 143

55(4): 1331 [18] Sadrnezhaad S K, Raz S B. Journal of Materials Science &
[14]Zhang Z, Frenzel J, Neuking K et al. Acta Materialia[J], 2005, Technology[J], 2005, 21(04): 484

53(14): 3971 [19] Christian J W. The Theory of Transformation in Metals and
[15] zhang C S, Wang Y Q, Chai W et al. Materials Chemistry Alloys[M]. Oxford: Pergamon Press, 1965: 418

and Physics[J], 1991, 28(1): 43 [20]Raz S B, Sadrnezhaad S K. Materials Science and
[16] Xiao F, Ma G, Zhao X et al. Chinese Journal of Technology[J], 2004, 20(5): 593

Aeronautics[J], 2009, 22(6): 658

Effect of Cold Crucible Vacuum Induction Melting on Chemical Composition and
Microstructure of NiTiNb Alloy

Zhang Yonghao, Yang Chuan, Fan Qichao, Sun Mingyan, Yang Qin, Chen Jie, Huang Shuke
(Institute of Machinery Manufacturing Technology, China Academy of Engineering Physics, Mianyang 621999, China)

Abstract: NiTiNb shape memory alloy ingots were prepared by cold crucible vacuum induction melting method. Influence of the melting
method on chemical composition and solidification microstructure of the alloy were studied. The characteristic and main reasons of losses
of alloying elements during vacuum induction melting were evaluated, and a method of improving alloy composition controlling accuracy
was proposed. The results show that higher heating power and repeated melting are benefit to sufficient alloying of different elements.
Contents of C and O increase with the increase of melting time and decrease with the increase of the vacuum level, and the influence of
vacuum level is more notable than that of melting time. Lower cooling rate of the melt leads to the appearance of columnar zone. Besides,
the size of columnar zone and shell zone in the ingot will continuously increases with the decrease of cooling rate. The splash caused by
the severe reaction of Ni and Ti during early period of melting will lead to heavier losses of the alloying elements. However, the control
accuracy of element content can be remarkably improved by adjustment of the mass for raw materials.

Key words: NiTiNb; cold crucible; vacuum induction melting; shape memory alloy; melting parameter
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