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Abstract Al-42wt%Nb powder was prepared by high-energy mechanical milling(HEMM). The particle size,
phase transformation and microstructure of the as-milled powder were investigated by particle size distribution
(PSD) analyzer, scanning electron microscopy (SEM), X-ray diffractometery (XRD), transmission electron
microscopy (TEM)and differential thermal analysis (DTA). The milled powders were heated to a sintering
temperature at 1000C with under vaccum with vaccum tube furnace. Microstructural examination of sintered
Ti-42wt%Nb alloy using 4h-milled powder showed Ti-rich phases (o-Ti) which are fine and homogeneously
distributed in the matrix (Nb-rich phase: B-Ti). The sintered Ti-42wt%Nb alloy with milled powder showed
higher hardness. The microgructure of the as quenched specimens fabricated by sintering using mixed and milled powder
amog are same, but the hardness of as quenched specimen fabricated by using mixed powder increased due to solution hardening
of Nb in Ti matrix. The aging effect of these specimens on microstructural change and hardening is not prominent.
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Table 1. EDS elementd analysis results of asmixed and as-milled powders.

24h-mixed powder (at%)

1h-milled powder (at%)

gh-milled powder (at%)

point 1 point 2 point 1 point 2
Ti 85.6 81.64 64.38 88.8 63.20
Nb 494 10.80 35.62 1.2 35.44
Fe 10.0 7.56 1.36
Total 100 100 100 100 100
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Fig. 2. High magnification TEM micrographs of 12h Ti-
42%Nb milled powder. (a) Bright field image (b) Dark field Fig. 4. X-ray diffractograms of as-mixed Ti-42%Nb (a) and 1h
image. milled Ti-42%Nb powder (b).
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Fig. 3. Low magnification TEM micrographs of 12h Ti-42%Nb milled powder (a) Bright field image, (b) Dark field image and
(c) Selected area electron diffraction pattern.
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Fig. 5. DTA traces of as-mixed Ti-42%Nb(a) and 1h milled Ti-
42%Nb powder(b).

A dzte] Z7)7F mAEA =
o3 AWANIR 7} FA] FrhEmR Saba] sabAR st
A oL, PRk olFo] gol3tar Ao X|e} ok
o] 7FRAUR 7L E2A)sl7] wEel) el st folsiA =
7] o)},

oL, A Fte

i
Q‘L
2
o
B -
W e
- m r‘iE
= 1
i o
ol
re F}-n:
2 L
N
=,
By ool

r 4
b
P,L
4ts
—\Q' —{oll

Em A o ZAWZR% ol B ReA A

AN ABre MAAEAE o83t
Fig. 62 2447} mixingdt Ti-429%Nb&

millingdt A1 (b)e] 1000°Cell A 2417 24

N
N
o

A
oX
_0|L
oxe
s £

14
it

S

B

N>

@

o

o|gy .

71914 - Deliang Zhang

vekd Aolt}. Fig. 6014 FAtol
E & EDXE EA3 43} s|A et A (point 2)
o] Nb-richdo & 71X]%] pdos A=w AA et
ZHpoint 1)°] Ti-rich} o2 EAits o] 245y oo
fradk. Fig. 72 Fig. 6(b)A AL o]&-ato] 72+ =4S
mappingst A S 2A A7)t A A Axfel
218l ATH 24X ZF s B @ 4N 7F FR)gh
42 o] g5k AA3 AJHY Ti-richte] #He A }.Er/ﬁl
2 =43 Az 7b7} 3558% = 24.2%°]%] 0.1,
gl He JR A7 ZZE 206 um, 14.4um°]M
ole} e Az st BUS AR &g A

FE3aL lon o]

M b Mo m2 m

_—E _

735 w4 2 d9e] HolAA Hler o]Z2 Nbol T
of v ig&d e 2w gt

2) &AM A=Mst

Faol FE(a+ BT A AEE MAAEAE
B3] =43 A3 3 2H(Nb-rich phase: 71A)# &

F(Ti-rich phase)9] A=+ 320Hv ¥ 163HvZ o}
Table 2¢] Az} 2t} v At BLd-S o] &3sle] &
A% AR Axe 1A 2 AL Ao A=t 7k} 511,
350 HvEA] “W%& AHET FA] F7bsdh & 487k

o
TEUY|E DY BLE o) galo] i@a Al 7

/\}E%E‘r. O}gﬁi m|II|ng

ot TS 01%‘5}‘34 2438 A& Nbo] o Tio] oL

o] 28AFEE A Ul 1osisivkal Azt
3) AAA S A AAF
AAAES] A AAbe B AR

Point 1 Point 2
(Black) (White)
T 93.92wt% 45.93wt%
i
(96.77at%) (62.23at%)
Nb 6.08wt% 54.07wt%
(3.23at%) (37.77at%)

Fig. 6. SEM micrographs of 24h milled Ti-42%Nb aloy (a) and 4h-milled specimen (b) sintered a 1000°C for 2h.
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Fig. 7. Elemental maping of SEM of sintered specimen using 4h-milled Ti-Nb powder(X 300).
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Table 2. Hardness of sintered specimens using mixed powder and 4h-milled powder.

Mixing specimen (Hv)

Milling specimen (Hv)

White phase (Nb-rich phase) : matrix
Black phase (Ti-rich phase)

320 (290~360)
163 (160~165)

511 (480~540)
350 (300~370)

pulse current activated sintering W2 A3 Ti-42wt%
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Fig. 9. SEM micrographs of as-quenched specimens using
24h-mixed (a) and 4h-milled (b) specimens (solution heat
treatment at 1000°C for 2h and air quenching).
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Fig. 10. XRD pattern of as-quenched Ti-42wt%Nb alloy
solution heat treated at 1000°C for 2h(4h-milled powder)(a),
aged a 400°C for 2h(24h-mixed powder) (b).

Table 3. EDS elemental analysis results of as-quenched specimens.

24h-mixed powder (at%)

4h-milled powder (at%)

Black Matrix Black Matrix
Ti 97.13 66.55 78.92 52.0
Nb 2.87 33.45 21.08 48.0
Total 100 100 100 100
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Table 4. Hardness of aged specimens using mixed powder and
4h-milled powder.

Mixing specimen  Milling specimen
(Hv) (Hv)

1000°C/1h — WQ

320 ~ 340
—400°C/2h

450 ~ 480
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