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Abstract

This article presents the preparation of well dispersed alumina slurries containing relatively large alumina particles that can withstand
accelerated weather conditions. Besides using conventional dispersants such as phosphate esters and menhaden fish oil, dispersants widely used in
the surface coatings industries such as Disperbyk 110 and Triton X 100 have also been employed. However, sedimentation tests, sediment density,
viscosity and gloss measurements indicate the failure of the anionic dispersants as well as menhaden fish oil to disperse the alumina particles in
non-aqueous medium. Instead the binder polyvinyl butyral itself acts as the best dispersant. The well dispersed alumina slurry is stabilized in the
presence of a commercially available rheology modifier, Bentone SD2 for a period of 144 h at 60 °C. The rheological behavior of the aged sample
was studied under various conditions. Although a rise in viscosity of the suspension was observed when the slurry was exposed to accelerated
weather conditions, a lower shear thinning index and higher gloss values indicate a better dispersion state with aging.
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1. Introduction

The paint, ceramic, electronic, mechanical industries, etc.
utilize well dispersed suspensions of particles in liquids as stock
materials for the production of various end products. Advances
in processing of powders through the colloidal route have
shown that a proper dispersion of powders by this technique
allows the end-user to get rid of many of the inherent drawbacks
of conventional processing of powders [1-6]. The typical steps
involved in the preparation of suspensions are well documented
in the literature [7-10] and usually takes a considerable time in
the tune of 2448 h. In many cases, stocks of the well dispersed
particle suspensions are stored without agitation and the
particles either due to their density mismatch with the
suspending fluids (water or organic) or due to colloidal forces
that exist between the particles, form agglomerates. This
renders the suspension useless. Previous attempts to stabilize
well dispersed suspensions have been made in several
directions such as by imparting thixotropy [11], using
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polyelectrolytes [12], heat treatment of powders [13], doping
the metal oxides [14,15] adsorption of hydroxylated benzoic
acid [16], increasing the pH [17], and by using a polymeric
thickener [18].

The present investigation aims at preparing robust alumina
suspensions which have a long shelf life so that these
suspensions can be readily used with minimum processing
times such as a few hours of ball milling even after storage. To
realize such an objective an organic derivative of montmor-
illonite clay is used in low quantities in the overall formulation
and the effects of such addition to the shelf life of alumina
suspensions prepared is studied under accelerated weather
conditions.

1.1. Experimental

Coarse alumina powder Tabular Alumina; T Al (ACC-
Almatis), was used for the present study (Table 1). The binder
used was poly vinyl butyral (PVB) of grade Maripol B30
(Table 2). The plasticizers used were butyl benzyl phthalate [2-
(CH3(CH,)30,C)CsH4CO,CH, C¢Hs] BBP (SD Fine Chemi-
cals) and poly ethylene glycol 400 [HO(C,H40),H where
n=380-400]; PEG (Merck). The solvent used was an
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Table 1

Composition of the alumina slurry and formulation particulars

Components wt% Vol.%
Polyethylene glycol 400 (PEG) 5.30 6.73
Butyl benzyl phthalate (BBP) 1.28 1.62
Solvent® 34.54 61.73
Alumina® 51.74 21.12
Poly vinyl butyral (PVB) 6.11 7.90
SD2 1.03 0.90

Applied for protection in India (File No.: 0035NF 2006/IN).

* Solvent is an azeotropic mixture of 66 wt% methyl ethyl ketone and 34 wt%
ethanol. Inorganic to organic ratio, ie. wt of AlLOz/(wt of
Al,O3 + binder + plasticizer + SD2) x 100 = 79%. Loading, i.e. wt of Al,O3/
(wt of Al,Oj3 + binder + plasticizer + solvent + SD2) x 100 =51.74. Weight
percent of the binder with respect to wt of the powder is 11.80%. The wt ratio
of BBP: binder was kept at 0.21 whereas the wt ratio of PEG: binder was
maintained at 0.86. The dispersants were added with respect to powder weight;
for TX 100 the variations were 0.5-5 wt%, for PE 0.25-2 wt%, for D 110 0.5-4
wt%, for MFO 0.5-4 wt%, respectively and was added in the mixture before
powder addition.

® The composition of the alumina powder according to the manufacturer’s
information is typically Al,O; >99.5%, <0.4% Na,O and 0.01-0.05% SiO,,
Fe,0; and CaO combined. The powders had a low surface area (1.06 m*/gm).
The particle size distribution as analyzed by Malvern Mastersizer 2000 was
found to have a wide particle size distribution; djp=3.235 pm
dso=17.632 wm, dgp = 43.200 pm.

azeotropic mixture of 66% (w/w) methyl ethyl ketone; MEK
(Merck) and 34% (w/w) of 99.9% ethanol; EtOH (Jiangyin
Huaxi, China). Each of the individual solvents had a moisture
content of 0.1% and were used as supplied. The various
dispersants used in the present work along with their salient
features have been presented in Table 2. The antisettler used
was bentone SD2; SD2 (NL Chemicals). The following
procedure for slurry preparation was adopted. The powders
were heated at 100 °C for 6 h in air prior to using them. This
ensures a negligible moisture content of the powders [19]. In
the first stage, to a portion (37%) of the total azeotropic solvent
mixture utilized in the formulation (Table 2), 5.30%, w/w of
PEG, 1.28%, w/w BBP and 1.03%, w/w of SD2 was added.
When dispersants were utilized for stabilizing the suspensions,

Table 2
Details of the dispersants
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Fig. 1. Plot of apparent viscosity vs. various dispersant concentration: (X) T
AI-TX 100; (M-) T AI-PE; (A) T Al-D 110 and (O) T AI-MFO at 7s™".

different concentrations of dispersants were utilized (Table 1
and Fig. 1). The resultant mixture was stirred in a magnetic
stirrer for half an hour. The 51.75%, w/w of the heat treated
powder was then weighed and poured into the above mixture
containing solvent, plasticizers, dispersants and SD2 (when
used), respectively. The resultant slurry was subsequently ball
milled for 24 h with alumina balls as the grinding medium. In
the second stage 6.11% w/w of (PVB) was added along with the
remaining 63 wt% of the azeotropic solvent. The slurry was
further ball milled for 20-24 h. The alumina suspension thus
formed was poured into a container and was de-aired under
vacuum conditions (400 mm Hg) till no more bubbles were
seen to form. The de-aired slurry was stored under ambient
conditions in an air tight plastic container. Since the solvents
had negligible moisture content and the powders heated prior to
their use, the overall moisture content of the slurry can be safely
assumed to be negligible.

Sedimentation tests, sedimentation bulk volume and
sedimentation density were carried out as described by Sacks
et al. [20]. Viscosity measurements were carried out with a
programmable Brookfield rotatory viscometer DV II + by

Abbreviation used

Make Description®

Name Chemical formula/generic family
Triton X 100 Octyl phenol ethoxylate TX 100
Phosphate ester Alkyl aryl ether phosphates PE

surfonic 1168

Manhaden fish oil Mixture of large variety of fatty MFO

acid esters

Disperbyk 110 Solution of copolymer with D 110
particle affinic groups
Poly vinyl butyralb; grade: Poly(vinyl butyral-co-vinyl PVB

Maripol B-30 alcohol-co-vinyl acetate)

Dow chemicals Non-ionic surfactant; steric stbilization

Huntsman Anionic dispersant; electrosteric stabilization;

acid value = 103 mgKOH/g

Sigma Chemical Co.  Non-ionic surfactant; steric stabilization
contains 20 or more different types of fatty
acids ranging from linoleic to palmitic to

myristic to stearic

BYK Chemie Anionic surfactant; steric stabilization;

acid value=53 mgKOH/g

Parekh Chemicals Binder; polyvinyl acetal: 76-81%; polyvinyl

acetate: 1-3%; polyvinyl alcohol: 18-21%

# Datasheet information.

° The molecular weight distribution as measured with GPC (Waters, Model 510 attached with Waters 410 Differential Refractometer using polystyragel column and
THEF as the solvent), was found to be M, =45,723; M, = 85,919 and M, /M, = 1.879, respectively.
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utilizing a small sample adaptor (SSA) and the spindle SC 34.
The temperature of measurements was kept constant at 25 °C.
The viscosities of the slurries containing various dispersants
with variable dispersant concentration were monitored at 7 s~
(25 rpm) while for measuring the change of viscosity with
shear, depending upon the suspension viscosity and the
limitations of the viscometer, the viscometer was programmed
to measure the viscosity at the shear rates in the range of
0.84 s~' (3 rpm) to 25.2 5" (90 rpm), respectively. The shear
thinning index [21] of the slurries were measured by dividing
the apparent viscosity at a low rotational speed (12 rpm,
3.36 s~ ') by the viscosity at a higher speed (50 rpm, 14 s7').
The thixotropic behavior of alumina slurries was investigated
by slightly modifying the ASTM standard [21]. The degree of
thixotropy was estimated as the ratio of the lowest speed
viscosity before and after the rest period. The higher the ratio
the greater is the thixotropy. Aging studies were performed with
the de-aired sample by exposing them to accelerated weather
conditions of 60 °C for 72 h. Aging under such conditions
generally correspond to an industrial standard of approximately
60 days of shelf life under ambient conditions. The resultant
heat treated slurry was subsequently ball milled for 3 h before
viscosity and gloss measurements were undertaken for the aged
suspensions. The pH and conductivity measurements were
carried out with microprocessor based pH meter (Systronics
361) and a microprocessor based conductivity measurement
unit (Systronics 306). Gloss measurements were undertaken
with a Glossometer (Sheen Instruments, Model No. 160). The
samples for gloss measurements were prepared by spreading
the slurries on black and white paper with the help of a bar
coater (No. 7). The specular angle for gloss measurement was
kept at 85°.

2. Results and discussion
2.1. Dispersion studies

In order to find out the optimum concentration of the
dispersants necessary to stabilize the T Al suspensions,
measurements of the apparent viscosity versus various weight
percent of dispersant employed per 100 gm of powder were
undertaken (Fig. 1). Since the particles used were coarse, and
suffered rapid sedimentation, binder in the prescribed weight
percent according to Table 1 was included in the slurries for
achieving reproducible viscosity measurements. The concen-
trations of minimum viscosities for the slurries (Fig. 1)
containing D 110, TX 100 and MFO were found to be 1, 2 and
1%, wiw per 100 gms of powder, respectively. However, in the
case of using PE as the dispersant a continuous increase in
viscosity was observed. These results show that the above
mentioned concentration of D 110, TX 100 and MFO is able to
keep the smaller agglomerates or primary particles (formed as a
result of ball milling of suspension), separated to some extent
from each other [2]. Sedimentation tests (Fig. 2) and sediment
density measurements (Fig. 3) also reflect similar results. In
addition to all the dispersants used in their optimum
concentration a 2% (w/w) PVB was also used to ascertain
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Fig. 2. Percentage sediment volume with time for various dispersants: (A) T
AI-PVB (2%); (O) TAI-TX 100 (2%); (1) TAl; (@) T Al-PE (0.25%); (X) T
Al-D 110 (1%); (A) T AI-MFO (1%). The percentages are with respect to the
powder weight.

the role of PVB in dispersing Tab Alumina. It was observed
(Fig. 2) that the initial fall (3 h) in sediment height followed the
order; T Al (without any dispersant) > T AI-PE ~ T Al-D 110
>T AI-MFO >T AI-TX 100 >T AI-PVB, respectively.
Furthermore, only T Al-TX 100 and T Al-PVB systems
showed hard sediments with the maximum sediment density
(Fig. 3). These observations reflect that apart from the
suspensions containing PVB and TX 100 none of the
dispersants utilized are effective in dispersing T Al [22].
Surprisingly two of the most effective dispersants for alumina
powders, i.e. MFO and PE [1,23] showed no significant
dispersing ability in the present case.

Attempts for measuring the electrophoretic mobility of the
alumina particles failed as the particles being large had a
tendency of sedimentation in the capillary of the electro-
phoretic cell. However, it was noticed that the alumina particles
were moving towards the cathode implying a positive charge on
the surface of the particles. Therefore, the reason for such
failure of both the anionic dispersants may lie in the fact that
Tab Alumina being prepared by the Bayer’s process contains
excess amount of caustic soda (0.40% w/w) [24] compared to
the different grades of alumina utilized in previous investiga-
tions (0.05-0.08% w/w) [26-30]. The positive Na* ions thus
liberated from Tabular Alumina may form ion pair with the
anionic functional head of the dispersants thereby restricting
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Fig. 3. Sediment density of the various alumina slurries with aging at 60 °C for
72h: (from left) T AI-TX 100 (2%); T Al-PE (0.25%); T Al-D 110 (1%); T Al-
MFO (1%), T Al, T AI-PVB (2%). “H” corresponds to hard sediments and “S”
corresponds to soft sediments. The percentages are with respect to the powder
weight.
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Table 3
pH and conductivity changes for different slurries upon addition of various components
Serial no. System description pH Conductivity (uS cm™)
1 PEG + BBP + solvent 5.33 14.7
2 PEG + BBP + solvent + PVB 478 12.40
T Al-PVB system
3 PEG + BBP + solvent + alumina (after ball milling) 7.64 72.6
4 PEG + BBP + solvent + alumina + binder (after ball milling) 7.18 38.1
T Al-D 110 (2%)-PVB system
5 D 110 + PEG + BBP + solvent 1.64 12.6
6 D 110 + PEG + BBP + solvent + alumina (after ball milling) 5.83 49.5
7 D 110 + PEG + BBP + solvent + alumina + binder (after ball milling) 5.28 43.6
T AlI-MFO (1%)-PVB system
8 MFO + PEG + BBP + solvent 5.04 9.21
9 MFO + PEG + BBP + solvent + alumina (after ball milling) 6.7 60
10 MFO + PEG + BBP + solvent + alumina + binder (after ball milling) 6.46 45
T AI-PE (0.25%)-PVB system
11 PE + PEG + BBP + solvent 1.37 13.3
12 PE + PEG + BBP + solvent + alumina (after ball milling) 5.12 51.8
13 PE + PEG + BBP + solvent + alumina + binder (after ball milling) 491 39.52
T AI-TX 100 (2%)-PVB system
14 TX 100 + PEG + BBP + solvent 5.12 8.9
15 TX 100 + PEG + BBP + solvent + alumina (after ball milling) 8.82 27.6
16 TX 100 + PEG + BBP + solvent + alumina + binder (after ball milling) 8.13 21.2

their attachment to the powder surface. The lower dielectric
constant of the medium may also restrict the ion pairs to
dissociate effectively thereby inhibiting the dispersing ability
of these anionic dispersants. The fall in pH (Table 3) upon
addition of ionic dispersants (PE and D 110) to the mixture
containing solvent and plasticizers and the subsequent increase
in pH of the slurry with addition of powder and ball milled for
24 h do point to such a contention especially when NaOH is
known to be soluble in ethanol [25]. On the other hand, a survey
of the literature shows that the binder molecules such as PVB
[31-33] can act as a more effective dispersant than conventional
dispersants. This is precisely what is observed in the present
case (Figs. 1-3). The other non-ionic dispersant utilized for this
study, TX 100 (octyl phenol ethoxylate), is known for its
chemical stability in most acidic and alkaline solutions [34].
The failure of MFO, another widely used non-ionic dispersant
is surprising [35] and it may be due to the hydrolysis [26] of the
ester moieties during its initial exposure to the alkaline
conditions just after the addition of powder in the system. The
results of conductivity measurements (Table 3) during step wise
addition of the ingredients were in expected lines. On addition
of PE and D 110 to the solvent plasticizer combination, no
significant decrease in the conductivity of the solution was
observed due to lower mobility of the bulky anions of the
dispersants coupled with the increase in viscosity of the
medium. The fall in conductivity after binder addition in all the
cases is due to viscosity increase of the medium. The gloss [36]
of the dried films were also in expected lines with the better
dispersions, e.g., T AI-PVB and T Al-PVB-TX 100 (Table 3)
give higher gloss values compared to agglomerated dispersions.
Furthermore, viscosity studies reveal all the slurries to be
pseudoplastic in nature (Fig. 4). It is well established that the

shear thinning of the slurry is dependent on the degree of
flocculation of the slurry [37,38] and the capability of the
particles to align them with increasing shear rates [39].
Therefore, it is expected that the shear thinning effect will be
low with lower particle flocculation. The order of the shear
thinning (Table 4) is in conformity with the results obtained
previously from sedimentation tests and gloss measurements
which showed the ionic dispersants do not work effectively
with the Tabular Alumina system while the non-ionic
dispersants are much more effective.

2.2. Aging studies
In order to stabilize the well dispersed suspension of T Al-
PVB, optimization studies involving various concentration (w/

w) of SD2 were undertaken, e.g., 0.25% (BB1), 0.50% (BB2),
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Fig. 4. Variation of apparent viscosity under different shear rates for suspen-

sions; (A) T AI-PVB; (O) T AI-TX 100 (2%)-PVB; (@) T Al-PE (0.25%)—
PVB; (X) T Al-D 110 (1%)~PVB and (A) T AI-MFO (1%)-PVB.
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Table 4
Shear thinning index, thixotropic index and gloss of various slurries

Serial no. Slurry composition Shear thinning Thixotropic  Gloss®

index® index®
1 T AlI-PVB 1.2 1.01 2.1
2 T AlI-PVB-TX 100 1.3 1.01 2
3 T AI-PVB-MFO 1.7 1.02 1.8
4 T AlI-PVB-D 110 2.0 0.99 1.5
5 T AI-PVB-PE 2.2 0.99 1.3
6 T AlI-PVB-SD2 (0.25%), 1.2 - -
(BB1), fresh
7 T AlI-PVB-SD2 (0.25%), 1.4 - -
(BB1), heat treated
(60 °C, 72 h)
8 T AI-PVB-SD2 (0.50%), 1.2 - -
(BB2), fresh
8 T AI-PVB-SD2 (0.50%), 1.4 - -
(BB2), heat treated
(60°C,72h
9 T AlI-PVB-SD2 (1%), 1.2 1.03 2.8
(BB3) fresh
10 T AI-PVB-SD2 (1.0%), 1.1 1.04 3.0
(BB2), ambient, 14 days
11 T AI-PVB-SD2 (1.0%), 1.1 1.05 33
(BB3), heat treated
(60 °C, 72 h)
12 T AI-PVB-SD2 (0.50%), 1.0 1.07 33
(BB2), heat treated
(60 °C, 144 h)

? The shear thinning index was measured by taking the ratio (viscosity at
3.36 sfl)/(viscosity at 14s7h.

" The lowest shear rate in the shear ramp experiments was 3.36 s~ and the
rest period was 4 min.

¢ Gloss measurements were undertaken at a specular angle of 85°.

1% (BB3), respectively. Fig. 5 shows the variation of viscosity
with shear for the freshly prepared suspensions containing SD2
in the concentrations of 0.25, 0.50 and 1.0%, respectively. As
expected that with increase in SD2 concentration, the viscosity
of the slurry increases. This is because SD2, consisting of stacks
of agglomerated platelets [40,41] can form a gel structure by
edge-to-edge hydrogen bonding between hydroxyl groups on
the organoclay platelet edges. Therefore, with increase in
concentration of SD2 in the composition, more hydrogen bonds
are formed resulting in higher viscosities of the suspensions.
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Fig. 5. Variation of apparent viscosity under different shear rates for the
alumina suspensions containing different concentrations of SD2. (A) BBI
(SD2: 0.25%); ([J) BB2 (SD2: 0.50%) and (H-) BB3 (SD2: 1.0%).

Moreover, it was also noticed that in the case of BB3 suspension
(1% SD2 concentration) no sediments were formed even after
aging in contrast to BB1 (0.25% SD2) and BB2 (0.5% SD2)
suspensions. Such an observation points that with a concentra-
tion of SD2 in the tune of 1% in the overall formulation,
sedimentation of the T AI-PVB slurry can be totally retarded in
the time frame measured in this investigation. Detailed
viscosity measurements of the T AI-PVB suspension contain-
ing a SD2 concentration of 1%, w/w were therefore undertaken
under various conditions of aging. These conditions were (i)
freshly prepared BB3 (SD2,1%) slurries; (ii) BB3 slurries kept
under ambient conditions for a period of 14 days, (iii) heating of
the ambient aged BB3 slurry at 60 °C for 72 h and ball milled
for 3 h and (iv) heating the slurry at 60 °C for 144 h and ball
milling for 3 h, respectively.

As is observed (Fig. 6) the viscosity of the freshly prepared
suspension with BB3 (SD2 1%) is almost 28% greater than the
T Al-PVB system. The shear thinning index of this slurry is also
comparable with the base slurry of T AI-PVB. (Table 3).
However, with aging (ambient conditions 14 days) the viscosity
of the slurry falls down considerably. Keeping the suspension
under ambient conditions even for a period of 21 days do not
show any significant decrease in viscosity. Such observation
reflects that the viscosity loss has reached its saturation and the
system has stabilized. Such cases of viscosity loss without the
slurry undergoing any sedimentation during storage is not
uncommon for high loading suspensions such as paints and is
commonly attributed to incomplete deflocculation of powders
during the ball milling stage. Heating the aged sample (14 days
ambient conditions) at 60 °C for 72 h, and for 144 h at the same
temperature resulted in an increase in viscosity of the samples
compared to the aged sample (14 days ambient conditions).
However, lowering of the shear thinning index of these slurries
do indicate a better dispersion state of powders with aging. The
higher gloss value of the aged suspensions (Table 4) also point
to the above contention of progressive better dispersion of
alumina with aging. Therefore, the increase in viscosity of the
aged suspension can be thought as the result of more effective
hydrogen bonding imparted to the system by well separated
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Fig. 6. Variation of apparent viscosity under different shear rates for the BB3
suspension. (A) T AI-PVB, (X) BB3 (freshly prepared); (@) BB3 (ambient
conditions, 14d); (A) BB3 heat treated for 72 h at 60 °C and ([J) BB3 heat
treated for 144 h at 60 °C.
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Fig. 7. Thixotropic curve of T AI-PVB suspension; (A) represents the shear up
curve, ([]) represents the shear down curve and (@) represents the viscosity
after rest period of 4 min.

platelets of SD2 capable of forming a higher concentration of
hydrogen bonds and not due to agglomeration. Thixotropic
measurements of T AI-PVB, and T AI-PVB-SD2 (1%) at the
various conditions of its aging was also undertaken. All the
slurries showed typical thixotropic behavior as that of T Al-
PVB (Fig. 7) albeit with different viscosity values. However,
the progressive increase in thixotropic index (Table 4) with
aging points out to the fact that the aged samples show greater
efficiency of viscosity buildup thereby preventing sedimenta-
tion.

2.3. Conclusion

The present study investigates the dispersing ability of some
anionic and non-ionic dispersants utilized for dispersing coarse
alumina particles in non-aqueous medium. It has been observed
that even though alumina powders have positive surface charge
none of the anionic dispersants are efficient in dispersing the
suspension. This has been pointed by higher sedimentation rate,
low sediment density, soft sediment nature, inferior gloss values
and a higher viscosity with greater shear thinning index. The
cause of such failure of the anionic dispersants may be due to
the presence of ion pair formation between Na* with the anionic
head of the dispersant. The study also indicates that the binder
PVB is the most effective dispersant and in the present case the
binder serves the dual function of binding the particles as well
as acting as the most effective steric dispersant. Aging studies
under accelerated weather conditions carried out with the well
dispersed alumina in presence of a commercially available
organoclay in the concentration range of 1% shows no sign of
sedimentation, but a progressive increase in viscosity with
aging time was observed. However, the lower shear thinning
index and higher gloss value of aged suspensions compared to
the freshly prepared suspensions do carry the signature of a
better dispersed suspension with aging. It is likely that with
aging the organoclay particles are becoming better dispersed
and as a result a more effective network structure formed by
hydrogen bonds is able to arrest sedimentation. Thixotropic
measurements carried out with suspensions also show a higher
viscosity buildup with aging thus points to such a possibility.
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