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Low Energy Dispersion of Titania Nanoparticles by Dual Axes Beads Mill
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We have developed new type of beads mill for the low energy dispersion of nanoparticles in liquids.
This new beads mill has dual rotating axes in the vessel where the separator and rotor pin can works in-
dependently. In this machine the separator works the steadily stable separation of the dispersed
nanoparticles from the beads at a high centrifugal force and the rotor pin agitates the nanoparticles by small
beads under such a low rotating speed as 3m/s. In this study the dispersion performance for agglomerated
titania nanoparticles have been investigated by the dual axes beads mill and small beads under various dis-
persing conditions. As a result, it is found that the titania nanoparticles are easily dispersed around primary
particles size and their crystallinity obtained by XRD is kept well original one in comparison with the
crystallinity by the conventional beads mill dispersion. This dual axes beads mill will be useful for other

nanoparticle dispersions.
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Fig. 1 Schematic diagram of experimental apparatus
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Table 1 Test condition

. . . . Ratio of
Beads Separator Ro‘For pin Dispersing Beads Ratio of Dispersing dispersing
Run . peripheral | peripheral number power for
diameter power number . power for
No. (mm) speed speed kW) (—) of beads a single bead a single bead
(m/s) (m/s) (=) (W) (—)
1 0.03 12 3 0.17 1.83x10" 37 0.009 1.0
2 6 0.23 0.013 14
3 9 0.29 0.016 1.7
4 0.05 12 3 0.20 3.95X10° 8 0.051 54
5 6 0.24 0.061 6.5
6 9 0.33 0.084 9.0
7 0.1 12 3 0.22 4.93x10° 1 0.446 48
8 6 0.25 0.507 54
9 9 0.47 0.953 102
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Fig. 2 Relation between dispersing time and median
diameter of each beads size and peripheral
speed
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Fig. 3 Relation between specific power and median
diameter of each beads size and peripheral
speed
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Table 2 Specific power (kWh/dry-kg) of median
diameter =40nm

Dy=0.Imm D,=0.05mm D»=0.03mm
V.=9m/s | re-agglomeration | re-agglomeration | re-agglomeration
V.=6m/s | re-agglomeration 6 4
V.=3m/s 15 14 12
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Fig. 4 XRD patterns of each peripheral speed by
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Fig. 5 Relation between specific power and half value
width of each beads size and peripheral speed
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Table 3 Half value width (deg.) of specific power

=10kWh/dry-kg

D,=01mm | D,=0.0omm | D,=0.03mm
V.=9m/s 0.57 0.69 0.64
V.=6m/s 0.54 0.54 0.51
V.=3m/s 0.52 0.46 0.47
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Fig. 6 Relation between half value width and median
diameter of each beads size and peripheral speed
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Table 4 Median diameter (nm) of half value width

=0.5deg.

D,=01mm | D,=0.0omm | D,=0.03mm
V.=9m/s 90 55 45
V.=6m/s 70 35 35
V.=3m/s 50 35 35

35nm &7 - 72 Dy=0.1mm DFE IR EL D,
V.=9m/s Ti&, /LU HEHRIC K 2R I6Em &
Rondh, Vi=6m/s & V.=3m/s ETIRIEIEAL
MEHES 5 2 L CEMIRICd 2 4 V7 Y RDfE
[%5 & 750, Dy=0.05mm Tl[E% O NHEH % Rd
ZEMP T,

Fig. 6 ¢) 1T, D,=0.03mm IZBJF 2KV, 1Tk %
flifg & 2 ¥ 7 Y BOFZREXRT, I THAME 0.5
deg. ICHHT AL, Vi=9m/s TiE A V7 YR 45
nm, V.=6m/s BELFV.=3m/s TlIX V7 Xl
35nm &7 57, V.=9m/s Tid Dy, =0.06mm £ &
HEEORE I, Hicbin ot £/, V.=6m/s
BXUOV,=3m/s TIEA YT V& $35mm &7 0,
D, =0.05mm & [EEED /s E) 2R L 72,

PIbofER %, Table 4 iIc£b L1, 8D, BLV
BV ATEBHMIRE * VT vIROBHRE T &0 5 &,
ROK S5, Dy=01mm Tl&, V. ickb, K&
COBIERED R 20 E > 1, T1b b, [
fliE <o, Ve DERVEDBHEED/DITWIREEL 75 5
2o —4, Dy=0.05mm Ti&, V.=9m/s TP LH
BEEMEDS R SN, Vi=6m/s & V.=3m/s TIlIFH#EE
L1375, BMIEICHT 2 2 97 VRO IREZE DS
W& -7 Dyv=0.03mm & D,=0.05mm & [a]#foD
AT, V.=9m/s T, D,=0.05mm K b fFEHED
FREEF/DIE< Y, Vi=6m/s & V.=3m/s TIIHEE
£1372<, Dy=0.05mm & [FFEDOFAMFIT T 5 2 ¥
TVROMEE - T,

EAfig I o WwTid, EHEMICRIERO - 2 Kok
higE» 5 & LT 5 BT 200 EE LV,
E—XZHVENH 7T 022 TR, HIREOR T~
DB T ONK WV, TORELR/NRITT 570D
i, Ve BXUOD, OliED 2 H = Hvis iR+
ko THEEEN % ©— X = 2L & — D b hsah
BB,

4. ¥ W

E—X&ER5) —2E 0L RET 270Dk
Ny —=4g—&, E—-X%HT 000 —-5—-E Y

WA T aEE



EENTNRERECT 2 E TR RIVF—ITL D0
BATIREE L 20l — X LV ABAFE L, WMo e
{bF % v ORHMEREIT-> 100 TORER, 957
Ny 7 ZINTEEREDL 52 V.=6m/s LI FD&E
ETOV, BLU D, ITX 208 DREM &R T4 &
NOEBOBGRNE O N, O TR FICHT 54
A= VDD VIREET, —F T 2V F 2RO
SEN7&M3, D,=0.03mm TV.=6m/s, K\ T,
D,=0.05mm TV.=6m/s TH »>7co F /R TITHT
BAEEN DR DIS WIREET T 2 W F =S EAL 5
BT sk, V. BLUD, Itk 3 E—X[E+L08
Wi x v+ — & B — XDMEEIC & 2R & OEZEREL
DB NEE L EA v P ER B, ¥/, D,=0.1

mm D HEFARXLE—X2FHL TS, V.=3m/s
FEEORVRTEICT S LIk, DEHOLEN &
N D BN AR DI WA IR 5 T & bR &
Nt PbokHic, KT 2 V¥ =12k % 50H% alRE
L2t —x 3ovid, #EERTRBILF 7 v 1k
RIFITIE B F 4 = VAEBZ WS, ShHERNT
HBHIEMBHESMITE T, TNKD, ARBEAFEL
2 — X I oviE, WM TRRILT ¥ v DA OFER~
OB EFZ IS WSEEBNIC L2 DF 7 K59
BUSH L TEIREETH L EEZ 5N 5,
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