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The relation between the flocculation and dispersion of metal oxide powders and the properties of solvents, such as
dielectric constant and solubility parameter, was investigated for TiO,, AL,O; and Fe,Os particles. The particle size and
median diameter of these metal oxides were measured in many organic solvents, from which the effect of solvents on the
flocculation and dispersion of metal oxide powders was considered. The metal oxide powders of TiO,, AL,O; and Fe,O;
tend to disperse in a solvent of higher polarity, whereas they are apt to flocculate in a solvent of low dielectric constant,
because the Hamaker constant between the particles becomes larger in such a solvent. There are, however, some solvents
that do not obey these tendencies. It is possible to evaluate the flocculation and dispersion of these metal oxide powders in
many solvents by using numeral balances of Hansen’s three-dimensional solubility parameter (f;, f; and f;). There exists a
solvent giving the optimal dispersion for each metal oxide, and the optimal dispersion point of f;, £, and f; is determined by
the combination of various metal oxide powders and solvents.

Introduction dispersion effect [1], polar effect [1,2] and hydrogen
binding effect [1] of the Hansen’s solubility parameter,
respectively. Suspension was prepared from the
combination of these particles and solvents.
Suspensions of 10g/dm’ dry particles were prepared in
various solvents. They were shaken at 300spm for 24
hrs. Particle size in these suspensions was measured
by using a laser scattering particle size distribution
analyzer (LA-910, Horiba Ltd.).

Many metal oxides are widely used as raw materials for
optical material, catalysts, corrosion-resistant materials,
paint, pigment and ceramics. Functions and quality of
these products depend on not only raw materials of the
products but also size and shape of particles in the
products. The combination of particle and solvent
determines the dispersibility of these particles.
Dispersibility of particles in aqueous solution is
explained by the D.L.V.O. theory. However, the Tablel Solvents used in this study and their physical propert

factors olf dls}()iers1b111ty for particles in many solvents o solvent e 5 |oa 6, 60 | & 6 &
are n.Ot cleared. . 1 | Hexane 1.890] 724 | 724 01 02| 94 2 4
In this Study, the solvents shown in Table 1 and A1203, 2 { Cyclohexane 2.203] 81818.18 0.2 02| 96 2 2
TiO, and Fe,O; particles were used. To evaluate median 3 |1,4-Dioxane 2,209/ 1001|930 09 36| 67 7 26
diameter of these particles in each solvent , the factors of 4 |Benzen 2.284| 902 1895 05 101 8 5 10
. I e 5 {Xylene 2374 879|865 05 15| 81 5 14
dispersibility that depend on these combinations were 6 | Toluene 2379l 890 |88 07 10| 84 7 o
investigated using Hansen’s solubility parameter,. 7 {Trichloroethylen 3.400| 9.28 | 878 1.5 26| 68 12 20
8 {Chloroform 4.806] 9.21 865 1.5 28| 67 11 22
9 | Acetic acid 6.15{ 10.45]| 7.10 3.9 6.6 40 22 38
Experiment 10 | Aniline 6.89111.05/9.53 25 S50 56 15 29
11 |pyridine . 123 | 1060|925 43 29| s6 26 18
. . . 12 | n-pentanot 13.9|1050| 781 22 68| 46 13 41
For model particles, a-ALO; ( Sumitomo Chemical 13 | 1-Butyl alcohol 10| na2| 7 28 77| 42 16 42
Corp., median diameter is 0.5 um ) , «-FeyOs 14 | 1-Propyl alcohol 200 | 1197775 33 85 | 40 17 43
. . : 15 |Acetone 20.7 | 9.75 ] 7.58 5. 3.4 47 32 21
( Toda Kogyo Corp., med1gn diameter is 0j7 pm) 16 [Ethy! alcohot 243 |1298{773 43 95 | 36 20 44
and anatase type TiO, ( Ishihara Sangyo Kaisya Ltd., 17 | Methyl alcohol 32.63| 14.49] 742 6.0 109] 30 25 45
median diameter is 0.2 u m ) were used. For solvents, 18 | Acetonitrile 37511951750 88 3.0 | 39 46 15
27 types of solvents shown in Table 1 were used 19 | Ethylene glycol 37.7 11607823 54 127 31 21 48
. .. ) 20 | Formic acid s8.5| 1218 7.0 5.8 81 ] 33 28 39
These particles were dried in oven at 423 K for 24 hrs 21 |water 77 | 23431 600 153 167 16 a0 44
and these solvents were dehydrated with Molecular 22 |Methyl isobutyl ketone | - | 831 | 7.49 3.0 2.0 | 60 24 16
Sieves for 24 hrs before preparing suspensions. Each 23| @-butoxyethoxy) |- 1 9.97 | 780 3.4 52| 47 21 32
value ()ff;]’ fl; andﬁl in Table 1 is calculated by the 24 | Diacetone alcohol - [1w013}765 40 53] 45 24 31
. . 25 | 2-Eth hanof - . . 57

followmg CqS(l) _ (3), respectlvely. 5 thoxy ethano! 441785 45 7.0 41 23 36
- 26 | Diethylene glycol - |14s6|78 725 97| 31 30 39
f;i - { 6 d/ ( 6 d + 6 p + 6 h )} X 100 (1) 27 | Ethanolamine - 15.35] 835 7.6 104 32 29 39

f;i = { 6 p/ ( 6 d + 6 p + 6 h )} X 100 (2) € Dielectric constant$ : Hildebrand's solubility parameter,

ﬁ: — { 6 h/ ( 6 d + 6 + 6 b )} X 100 (3) 8 d,8 p,d h: Hansen's solubility parameters
14

where 0 4, 6 , and & , are corresponding to
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Results and Discussion

Fig. 1 shows the results of measuring median diameter
of particles in many solvents as a function of dielectric
constant. Each number in Fig. 1 means the solvent
listed in Table 1. The median diameter is decreased
with an increase in dielectric constant and the
suspension shows better dispersibility. In the range of
dielectric constant over 5, many systems show median
diameter less than 10 um. However, in that dielelctric
constant, some systems including Al,O; - pyridine (¢
=12.3) and Al,O; - acetonitrile (g, = 37.5) show
median diameter more than 10 um . It seems that not
all the solvent of high dielectric constants makes Al,O,
particles disperse. Generally, highly polar materials
show the high dielectric constant. Dispersibility of
particles are affected not only by the polarity of solvent
but also other factors.
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Fig.1 Relationship between median diameter and
dielectric constant of various solvents

To investigate the relationship between the van der
Waals attractive force and the dispersibility of particles,
the Hamaker constant between solvents and particles
was observed. The relationship between Hanaker
constants (A;3;) and dielectric constants is shown in
Fig. 2. A5, means the Hanaker constant of the particle
in solvents calculated from Eq. (4).
A ={(An )1/2 - (A33)”2 }2 4)

In this equation, A,; and As; are the Hamaker constant
of solvents and particles, respectively. In the case of
AL O; and Fe,0; system, the values of A3 in the range
about the dielectric constant of 5 is less than 10x107° J.
In this range, van der Waals attractive energy is lower
than others. Good dispersibility shown in this range is
caused by a weak attractive force. In the range of
dielectric constant more than 20, high Hamaker

constants are calculated. In this range, however, an
electrostatic repulsive force affects strongly. In the
range of dielectric constant more than 20, it is difficuit
to evaluate the dispersibility only by the Hamaker
constant.
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Fig.2 Relationship between Hamaker constant
and dielectric constant of various solvents

Investigastion of dispersibilities without using
dielectric constant and Hamaker constant was
conducted. Fig.3 shows the isometric particle lines of
ALO;. This figure was made as follows. First, £, f3 and
Jn of each solvent were plotted in triangular chart. Next,
the median diameter of particles in each solvent was
measured. Finally, the point of solvents showing
resemble dispersibility is linked. Each number in Fig. 3
means the solvent listed in Table 1. All lines are not
intersected and lies each other. Particularly, the lines of
the median diameter from 0.6 to 0.9um and from 1.0 to
4.0um are described in closed area. There exists the
point showing the optimal dispersibility for Al,O4
( optimal dispersive point ) in the closed area from 0.6
to 0.9um. If we use the closed line having many
measured point (1.0 to 4.0pum), the center point of the
inscribed circle in this area is supposed to be the
optimal dispersive point of Al,O; particle. The values
of the optimal dispersive point are f, = 44% , f4 =19%
and f, =37%. This point exists in the closed area from
0.6 to 0.9 pm. Generally, materials having similar
property show good affinity. According to Hansen [1, 3,
4], when the solubility parameters of solvent and
polymer are close, the polymer shows good solubility
in the solvent. It seems that this optimal dipersive point
means the fy, f, and f;, for the A1, O; particles. When the
solvent with the f3, f, and f, closed to the optimal
dispersive point is selected, Al,O5 particles show good
dispersibility. To verify that many particles has each
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has each optimal dispersive point, the similar
examination was carried out using Fe,O; and TiO,
particles. Results of the examination were shown in
Figs.3 and 4. In each figure, all lines are not
intersected and lie each other. The optimal dispersive
point of Fe,0; and TiO, exist in the different point.
These results resemble the dispersion of Al;O;. Many
particles have the different optimal dispersive point in
various solvent. The optimal dispersive point is
represented by the value of the f3, £, and f; of the
solvents. These values can be estimated from isometric
particle lines in the triangular chart.

good solvents
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Fig.3 Isometric particle lines on triangular chart for AYO3

(Each number means a solvent listed in Table1)
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Fig.4 Isometric particle lines on triangular chart for TiC2
(Each number means a solvent listed in Table1)
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Fig.5 Isometric particle lines on triangular chart for FeO3
(Each number means a solvent listed in Table1)

Conclusion

The metal oxide powders such as TiO,;, Al,O; and Fe,O;
tend to disperse in a solvent of higher polarity, whereas
they are apt to flocculate in a solvent of low dielectric
constant, because the Hamaker constant between the
particles becomes larger in such a solvent. However,
some solvents do not obey these tendencies. It is possible
to evaluate the flocculation and dispersion of these metal
oxide powders in many solvents by using Hansen’s
three-dimensional solubility parameters (f3, f, and f).
From the resuits, the optimal dispersion point of fg, f, and
Jfn is determined by the combination of metal oxide
powders and solvents. The value of f;, £, and f, obtained
as the optimal dispersive point may correspond to the
values of fg, f, and f; of the particle.

Nomenclature

fo fo Jo=numeral balance of &4, 6,, 6, [%]

6= solubility parameter [-]

&, &, &= element of dispersion power, polarity interaction,
hydrogen bonding in the solubility parameter [-]

€= dielectric constant
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