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Bulk TigNb;3Cug4Nig1Als 5 fine grain composites reinforced by
crystallized phases fabricated by spark plasma sintering
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Abstract: TigNbgCug4Nig Aly s alloy system was selected as the study object based on modified amorphous alloy
system. The bulk TigNb;sCus 4Nig Als 5 fine grained composites with matrix of crystallized f-Ti(Nb) ductile phase were
fabricated by spark plasma sintering of mechanical alloyed amorphous alloy powders coupled with the method of
crystallization of amorphous phase. X-ray diffractometer (XRD), differential scanning calorimeter (DSC), scanning
electron microscopy (SEM), transmission electron microscopy (TEM) and universal materials tester were employed to
investigate the alloyed amorphous powders and the fabricated composites. The results show that the initial mixed
powders are predominately alloyed into amorphous structure after milling for 60 h. The crystallization temperature (7),
crystallization peak temperature (7,,) and melting point (7},) of the alloyed amorphous powders are 750 K, 830 K, 847 K
and 1 422 K, respectively. This indicates that the increased Nb content enhances significantly the thermal stability of
alloyed powders. In addition, the fabricated composites has a microstructure of (Cu, Ni)-Ti, phase surrounded by ductile
p-Ti phase. The scale of the two phase regions is above 1 pm. Under a heating rate of 167 K/min and a sintering
temperature of 1 373 K, the fabricated composite has a density of 5.64 g/cm’, a yield stress of 1 705.8 MPa, a fracture
stress of 2 126.4 MPa and a fracture strain of 5.4%.
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Fig.1 XRD patterns of mechanically alloyed TigNb;sCug 4-
NigAl;s powders after milling for different times: (a) 0;
(b) 5h; (c) 10 h; (d) 15 h; (e) 25 h; (f) 40 h; (g) 60 h

2 B A N 20 K/min W BR BEAS ] ) 8] J
TigsNb;sCug 4Nig 1 Als s T4k K DSC k. 75—k
UESE T A AR MG SRR AR AR R . HLBE
HEREEI TG I, 2o AR S AT B R T 46
UL 2(e))o [ATHS, JFCRCHA G 1) T R B R S B ] g
BT BTG O, SX IR A AR AT 2 HOE TS K
BKEE 60 h o, B 5 BEIA B B ELIE 2(g)),
R — AR S AR R A AR A . BKES 60 h
Je AR AR IR A RS AR (FUE ) DSC 25 b e 1
TSP THRR) A 1.24 kI/mol, & T AR 4 {7 S SAS 1 E
SR AR AR K (AR =3.0 kI/moD)!'®, JX R W8 i Nb
O i DLF WL N R S SR R R ARy

(@)

O ————
(d)

- ]

©
Q)

(2

Heat flow

Exo

600 760 860 960 1000
Temperature/K
2 BREEANFIIN ) JS TigeNbisCusg 4Nig Al s 7 50 A
DSC ik
Fig.2 DSC curves of mechanical alloyed TigNbigCug4-
NigAl; s powders after milling for different times: (a) 0;
(b) 5h; (c) 10 h; (d) 15 h; (e) 25 h; (f) 40 h; (g) 60 h
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Fig.3 DSC curve of amorphous powder after milling for 60 h
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Fig.4 Kissinger plots of mechanically alloyed amorphous
TigeNbgCus 4Nig  Al3 5 powders after milling for 60 h
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Fig.5 SEM images of mechanically alloyed TigNb;gCusg4Nig 1 Als 5 powders after milling for different times: (a) 0; (b) 5 h; (¢) 15 h;

(d)25h; (e) 40 h; () 60 h
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powder after milling for 60 h
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Fig.7 XRD patterns of bulk TigNb;sCue4NigAlss alloys
heated to 1 373 K at different heating rates: (a) 100 K/min;
(b) 167 K/min; (¢) 250 K/min

Fig.S SEM images of bulk Ti66NblgCu6_4Ni(,_1Al3_5 alloys
heated to 1373K at different heating rates: (a) 100 K/min;
(b) 167 K/min; (¢) 250 K/min
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Fig.9 TEM images of bulk TigNb;gCus4Nig Al;s alloys
heated to 1 373 K at 167 K/min
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Table 1 Density and microhardness of bulk TigNb;gCug 4-
Nig 1Al 5 alloys heated to 1 173 K at different heating rates

Heating rate/ Density/ Microhardness/
(K'min ") (grem ™) GPa
100 5.62 5.18
167 5.64 5.28
250 5.59 5.20

(R EEVEHSAIC, B THRE AR G0, FEM av b Al c
(IR AZ IS K 5.4% 4.7%H1 4.5%. BelRitFEm
e SR S R B AR N N N SR N
o, 3K 55 LY EAR RIS i 2 1 AR A i 3 — S (WL 1
8), 434 16472, 1705.8 Fl 1497.7 MPa. iX¥KH,
TR S e i P 1) AR A R AR G PR AH 1R & S G . I
A, B Tl Z 38O, WAL 730 2 2 038.1,
2 126.4 f1 1 969.4 MPa.
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Table 2 Room-temperature mechanical properties of bulk
Ti66Nb13Cu6,4Ni6,lAl3,5 alloys in Flg7

Sample Yield strength/  Fracture strength/ Fra(fture
MPa MPa strain/%

a 1647.2 2038.1 5.4

b 1705.8 2126.4 4.7

c 1497.7 1969.4 4.5

E 10 K&l 8 AL MPURE S e
Fig.10 Fracture micrographs of bulk TigNbgCug4Nig 1Al s
alloys in Fig.8: (a) 100 K/min; (b) 167 K/min; (¢) 250 K/min
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