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B OE: RHANRE SIS AT G 2%AFH0BC MG & &R, BEJE R SE & Thedi—Ak
IS B AN S /45 (TIBHTIC) ) TizgNb; sCug 4Nig 2 Al e AN /A0 S EREE S 4 RE; T2 X AT 70 (XRD).
ZEoR AR RO HT(DSC) F9 L AR (SEM) AT BEAA BRI AL AG X0 1 25 FROBRE A ol ACRUER 411 /41 B AR
HEMBHETRIE . 85 RRW]: mReEREE 80 h IBRILH A T AR ARAH, B4C BUKLIIIN AR BRRE K A 5
AR | AR AL I B RS S A, AN B/ (TIBHTIC) I E Ak BHK) SAEE 4259 4 5.47 A1 5.33 GPa;
LA 50 K/min T $) 1223 K JFORi 10 min 37451 TizgNbg sCug 4Nig2Alg e BEARGBURE IR 5 BRI ZNAZ 7355 O 2
098 MPa 1 11.5%.
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Fabrication of crystallized Ti; Nb;sCug 4Ni;,Als¢ composites by
spark plasma sintering or crystallization of amorphous phase

CHEN You, LIANG Jia-hong, YANG Chao, LI Xiao-qiang, XIAO Zhi-yu, LI Yuan-yuan

(National Engineering Research Center of Near-net-shape Forming for Metallic Materials,

South China University of Technology, Guangzhou 510640, China)

Abstract: The Ti-based amorphous alloy powders without or with 2% (volume fraction, %) B4C were synthesized by
mechanical alloying, and subsequently the powders were consolidated into crystallized Ti;Nb;gCugsNijrAlgs
ultrafine/fine-grained composites without or with (TiB+TiC) phases by spark plasma sintering and crystallization of
amorphous phase. The synthesized powders and the consolidated ultrafine/fine-grained composites were examined by
X-ray diffractometry (XRD), differential scanning calorimetry (DSC), scanning electron microscopy (SEM) and universal
materials tester. The results show that, after a milling time of 80 h, the synthesized powders consist of amorphous phase
with predominant volume fraction. The addition of B,C particles has an obvious impact on the glass transition
temperature, crystallization temperature and crystallization enthalpy for the synthesized powders. In addition, the
microhardnesses of the consolidated composites without or with 2% B,C are 5.47 and 5.33 GPa, respectively. Meanwhile,
the consolidated Ti;Nb; sCug 4Ni;,Alg composite by heating to 1 223 K at 50 K/min and holding for 10 min has a high
fracture strength of 2 098 MPa and a fracture strain of 11.5%.
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Fig.1 XRD patterns of mechanically alloyed Ti;Nb;sCug 4-

Ni;»Alg61t2% B4C powders after different milling times



521 &4 6 M A&, A TSR B TR 5 R I ATE A B TizoNby sCug aNi7 2Als s A F1E} 1337

ZUNFME SR UBREEIS [RIL 2] 80 h I, fiThf g
AR RN, R R O 4 sl 4 R 7 e AR
BE b A

E 2 Brom AN [ BRI R 5 57 /A BoC 1)
TizoNb; 3Cus 4Ni7 2Alg ¢ %éﬁ*ﬁ *E/‘] DSC Eﬁﬂgéo i 2
AP0, BEE BRI R G, A R K £ P G TR
W — HH I TR — TG TRIRR IS K R AR il B e 243K
% 20 h IS, B /AT BoC G K R o milfE 750 Fl 758
K TFa6 th IR EC A W 6 ()8, X R W R P IT iR E
BSCIE SiAH o BEAE SR BRI [R) (R — D G, TS A (1) 5
FERZ TG 5, Ul W RS AR T b AR AR BB D K
HEREE 80 h I, JEFIE R THIAR K, X RIS AK
AR AT OSSR, B Bk S
INF TR PRI RESE RGN, 5k AR BRI R ) A A, IX
TGS R PO AR (T« i JE (T V)
ik B AT )ALl A AR IR (T,) Y8 T iy o KT
BREE 80 h Ga KR, & B,C WA A &M KM T,
AT EAE BoC ARG S ARG WA 2(a).
(b)11 80 h X MWK Z s, & BaC AR R IT) T,

0h (@

Exo

650 700 750 800 850

Temperature/K
Oh (b)
20h
° 40h
>
o
60 h
80h
650 700 750 800 850
Temperature/K

2 ANFIEREEIF RS F Sk A DSC ik

Fig.2 DSC curves of mechanically alloyed powders after
different milling times: (a) Ti;(Nb;sCug 4Ni;,Alg ¢ alloy powder;
(b) Ti7oNb; gCug 4Ni;,Alg s1+2% B4C alloy powder
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Fig.3 SEM images of mechanically alloyed amorphous
powders after milling for 80 h: (a) Ti;oNb;sCug 4Ni;,Alg¢ alloy
powder; (b) Ti;Nb;gCug 4Nij,Als ¢+2% B4C alloy powder
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Fig.4 XRD patterns of sintered and crystallized bulk alloys
TizNb; sCug 4Niz2Als t2%B4C((2)—(c)) and  TizNb;sCus 4-
Ni;,Alg ¢((d)—(f)) consolidated at different sintering temperatures:
(@) 1073 K; (b) 1 123K; (c) 1 223 K; (d) 1 073 K; () 1 123 K;
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Fig.5 SEM images of sintered and crystallized bulk alloys Ti;gNb;gCug4Ni7,Als+2% B,4C ((2)—(c)) and Ti;oNb; gCug 4Ni;,Alg ¢
((d)—()) consolidated at different sintering temperatures: (a) 1 073 K; (b) 1 123 K; (¢) 1 223 K; (d) 1 073 K; (e) 1 123 K; (f) 1 223 K
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Table 1 Microhardness of sintered and crystallized bulk
Ti-based composites
Composite T/K Hardness/GPa
1075 5.47
Ti;oNb; gCug 4Ni7,Alg g 1123 4.75
1223 4.63
1075 5.16
Ti;oNb;gCug 4Ni7,Algst2% B,C 1123 5.33
1223 5.15
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Fig.6 Room-temperature compression stress—strain curves
of sintered and crystallized bulk alloys TigNb;gCugs-
Niz»Alg6+2%B4C ((a)~(c)) and TizNb sCus aNiz 2Als 6 ((d)—(D)
consolidated at different sintering temperatures: (a) 1 073 K; (b)
1123K;(c) 1223K;(d) 1073K;(e) 1123 K;(f)1223K

Fig.7 SEM fracture images of sintered and crystallized bulk alloys Ti;oNb;gCug4Nis,Alsst2%B4C ((@)—(c)) and TizoNb,g-
Cug 4Ni;,Alg 6 ((d)—(f)) consolidated at different sintering temperatures: (a) 1 073 K; (b) 1 123 K; (c) 1 223 K; (d) 1 073 K; (e) 1 123

K; (f)1223K
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