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Ultrafine titanium powders for coatings
prepared by high energy ball milling

XIE Huan-wen, CAI Yi-xiang, TAN Li-xin, LIU Xin

(Department of Powder Metallurgy, Guangzhou Research Institute of Nonferrous Metals, Guangzhou 510651, China)

Abstract: Ultrafine Ti powders applied for heavy-duty coatings were prepared by high energy ball milling with
protection of ethanol and inert-gas. The impurity content, particle size and morphologies of ultrafine Ti powders were
characterized by chemical analysis, particle size analyzer and scanning electron microscopy. The effects of such
parameters as rotation speed and ball-to-powder ratio on the particle size and impurity content of Ti powders were
investigated. The results show that when the rotation rate is 378 r/min, ball-to-powder ratio is 2.43 and milling time is
8—18 h, the ultrafine Ti powders with median diameter of 9.91-2.28 um are obtained in which Fe content (mass fraction)
is 0.23%—0.28%. The ultrafine Ti powders prepared by ball milling appear irregular flaky. Compared with ball-to-powder
ratio, the rotation rate is the significant factor on the refinement of Ti powders, and the ball-to-powder ratio is the
significant factor on increment of Fe content in Ti powders.
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Table 1 Parameters of ball milling

(Dso)

Technique No. Rotation rate/(rmin™') Ball-to-powder ratio

1 327 2.34
2 327 3.86
3 378 2.43
4 327 4.86
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Relationship between average size of Ti powders and
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Fig.2 Relationship between Fe content and milling time at

different rotation rates for techniques 1 and 3
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Fig.3 Relationship between average size of Ti powders and

milling time with different ball-to-powder ratios for techniques

100

80

60

40

20

3and 4

Centent of Fe/%

4

Fig.4 Relationship between Fe content and milling time with

0.8
0.7
0.6
0.5
0.4
0.3

0.2
0.1

s+ —Technique 3
v—Technique 4

8 12 16

Milling time/h

T

a— Technique 3
v— Technique 4

______,_,_._-nr-"""'"

8 12 16

Milling time/h

different ball-to-powder ratios for techniques 3 and 4

2.3

SEM

10 um

Fe

oo
=

=— Rotation rate (Techniques 1 and 3)
v— Ball-to-powder ratio (Techniques 1 and 3)

=2
=
T

]
=
T

Difference in average diameter/pm
.
=
T

o

0 4 8 12 16
Milling time/h
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Fig.7 SEM image of HDH Ti powder
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