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Mixing characteristics of three kinds of
two- component powders in rotating drum blender

OUYANG Hongwu, HE Shrwen, LIAO Qryin, WEI Jia
(State Key Laboratory of Powder Metallurgy, Central South Univeristy, Changsha 410083, China)

Abstract: In order to explore the effect of mixing features between different pow ders, the experimental and theoretic re-
search of mixing of three groups two-component powder, irregular Ti powder, spherical Al,03 powder with rough surface
and spherical Al powder with smooth surface to mix with nodular Fe respectively on same mass percentage, were carried
out with a rotating drum blender. The results show that the characteristics of powder have great influence on efficiency of
mixing and diffusion process, the more similar the physical characteristics of the mixing powder, the better the mixing
performance. The Fe-Al,03 and Fe-Al are mixed well in 50 s, but Fe-Tiis not, the standard deviation of Fe-Al,03, Fe
-Al and Fe-Ti are 0. 048, 0. 025 and 0. 275, the diffusion efficient 0. 293, 0. 375 and 0. 064, respectively.

Key words: rotating drum blender; mixing; granular; powder
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Table 1 Physical parameters of powder

Physical parameter Al pow der Fe pow der Ti pow der Al,03 pow der
Flow ability/ s 83.6 26 - 190. 10
Particle size/ Pm < 44 74~ 147 74~ 147 74~ 147
Apparent density/ (g* cm™ %) 1.40 2.95 1.76 0. 86
Vibrateldl densityl (g> cn’) 1.73 379 2.38 1.05
I ea— Near spherical with Nodular A Spherical with

Smooth surface

rough surface

P}’ *“;‘53’» o W 3!1" :

W s

Bl 1 4%k KK SEM %
Fig.1 SEM images of pow ders
(a) —Fe powder; (b) —Al powder; (c¢) —Al,03 powder; (d) —T i powder
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2.1 HEREEHAFRBIRE
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K 3 4% 1E slipping, slumping, rolling, cascading,
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Ti B (ARFALLA 500 50), HFEHR L) 40%, B
TRE AR, IS AIZ 3R DL BE F E AR A B 15
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Slipping Slumping Rolling

Cascading Cataracting Cenfrifuging

B2 [ A R A A v BORLAE AN R B 08 T 19 6 Fliz s i X

Fig. 2 Six motion models of power on different rotating speeds in rotating drum blender

B3 AR T BRI LR A [F 32 3R A
Fig. 3 Motion models of powder on different rotating speeds
(a) —Slipping( 10 r/ min); (b) —Cascading( 60 r/ min) ;
(¢) —Cataracting( 80 r/ min) ; (d) —Centrifuging( 95 r/ min)
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Fig.4 Chaotic motion during

mixing of particle
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Fig. 5 Curves of standard deviation

during mixing of three groups
two-component pow er
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Fig. 6 Variance of diffusion efficient
D, during mixing

SEIR A I AL — 2D BRI iR AL, iR
Ao TR AIROL, I EUREOE D FRAK, o bt
ZWMBZ TR, REWIEARS . B THERS
HRET, RESDERBREAAE, HE—E&MT
NIEEPP AT, TR A 5) R A I — A P AT
gy, R IR BOR B e AE — > Vi 1 P9 ARl 8 3,
REHSEUAHRES .

3 4ie

1) fEAHFEAR R E T, 3 FARRDER—
HICM KA R AT REAAEHERNESR, B
PR 22 BIHR AR = A 00 B . sl
11 ALOs #5 < AL ¥ 5 Fe B3 7E 50 s N A5 25 4T 1
BE, MR ZER Ti 5 Fe WA H2H
WMIBE . FeTifh %R . Fe Al AR A Fe ALOs AR
BEYASI 51 0.275 .0. 048 F10.025.

2) X [RIfE BV A A% A0 5 2k R & I AR )
WA REN, 3F Ao RS IR 8 AR
B A AR R A F . JBE 50 s i, FeTi. Fe
AL FeALOs R HUREL D, 4074 0. 064 .
0.293 F10. 375, JFEETR AN AIIELE, ¥ BURSL
WAL/, RGBS EERTEE

REFERENCES

[1] German. Powder Metallurgy Science] M]. New York:



F14EHES M

BREHM I, 55: 3 Fh 2o AR IR S RFE + 751 «

[2]

Chemical Publishing Co. Inc, 1995.

Brone D, Muzzio F J. Enhanced mixing in double cone
blenders[ J]. Powder Technology, 2000, 110(2): 179 ~
189.

Puyvelde D R 'V, Young B R, Wilson M A. Experimen-
tal determination of transverse mixing kinetics in a rolling
drum image analysis[ J]. Powder Technology, 1999, 106
(2): 183~ 191.

Osama S S, Coffi-Beach D, Muzzio F J. Quantitative
characterization of mixing of free flowing granular materi-
al in tote(bin)-blenders[ J]. Powder Technology, 2002,
126(2): 191 ~200.

McCarthy J J, Khakhar D V, Ottino J M. Computation-
al studies of granular mixing[ J]. Powder Technology,
2000, 109(1): 72~ 82.

Tsuji Y. Activities in discrete particle simulation in Japan
[J1. Powder Technology, 2000, 113(2): 278 ~ 286.
McCarthy J J, Ottino J M. Particle dynamics simulation:
a hybrid technique applied to granular mixing[ J]. Pow-
der Technology, 1998, 97(1): 91 ~99.

IF, Euuk, B T KRR DR A BT Ok
BB, T EBRECR, 2002, 8(1): 6~
9.

SUN Qrcheng, WANG Guang-qian, YANG Ning. The
discrete model of granular mixing in rotating drum
blender| J]. The Chinese Journal of Powder Technology,
2002, 8(1): 6~09.

Shinbrot T, Alexander A, Muzzio F J. Spontaneous
chaotic granular mixing[ J]. Nature, 1999, 397: 675~
678.

Tan B T, Morris P, Thompson M C. Chaotic mixing
simulation[ J]. Applied M athematical Modelling,

[ 11]

[12]

[15]

[ 18]

1998, 22(4): 1047 ~1051.

Ding Y L, Forster R, Seville J P K, et al. Granular
motion in rotating drums: bed turnover time and slump-
ingrolling transition| J]. Powder Technology, 2002,
124(1): 18~ 27.

Grasa G, Abanades J C. A calibration procedure to ob-
tain solid concentrations from digital images of bulk
powders[ J] . Powder Technology, 2001, 114(1): 125
~128.

Muzzio F J, Robinson P, Wightman C, et al. Sampling
practices in powder blending[ J]. International Journal
of Pharmaceutics, 1997, 155(2): 153~ 178.

Moakher M, Shinbrot T, Muzzio J F. Experimentally
validated computations of flow, mixing and segregation
of normrcohesive grains in 3D tumbling blenders [ J].
Powder Technology, 2000, 109(1): 58 ~71.
Wightman C, Muzzio J F. Mixing of granular material
in a drum mixer undergoing rotational and rocking mo-
tions[ J] . 1998, 98(1): 113 -~
124.

Ottino J M, Khakhar D V. Fundamental research in

Powder Technology,

heaping, mixing and segregation of granular material:
challenges and perspectives[ J].
2001, 121(1): 117 —122.
Berntsson O, Danielsson L G,

Powder T echnology,

Johansson M O.
Quantitative on-line monitoring of powder blending by
near infrared spectrometry [ J].
2002, 123(2): 185~ 193.
Broadbent C J, Bridgwater J, Parker D J, et al. A phe-

Powder Technology,

nomecological study of a batch mixer using a positron
cameral J] . Powder Technology, 1993, 76(3): 317 ~
329.

(g ZH)



