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Rheological properties of slurries prepared using a planetary mixer
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Abstract

Preparation of ceramic slurries is an important process in ceramic colloidal processing. We investigated the rheological properties of slurries
prepared using a planetary mixer. Planetary mixing for a short time enhanced the fluidity of the slurry. With longer-term planetary mixing,
however, a film was observed on the surface of the slurry similar to the Ramsden phenomenon, which was due to the increases in temperature
of the slurry by mixing. Slurries with this surface film showed high viscosity. A combination of planetary mixing for a very short time and
ball milling was useful to enhance the fluidity of slurries.
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction A number of crushing and milling techniques for the
preparation of ceramics slurries have been developed, in-

Preparation of ceramic slurries is an important process in cluding ball milling [13], attrition milling [14], ultrasonic

ceramic colloidal processind,2]. Especially, a high-solids  mixing [15], etc. In general, ball milling is used for prepa-

slurry is necessary for near net shape techniques, such asation of high-solids slurries. However, the ball milling

slip casting, gel castingg], direct coagulation casting}], technique takes a long time to prepare a slurry with good

etc. In colloidal processing, the preparation of a high-solids colloidal stability and high fluidity.

slurry is needed to fabricate a fine green and sintered body. Recently, a blade-free planetary mixer was developed for

Therefore, various methods for preparation of ceramics slur- the mixing of ink, paint, or conducting pastgd.6] When

ries have been studied to improve their dispersion and flu- revolution and rotation are combined, the slurry in the con-

idity characteristic$5,6]. tainer is mixed by whirling in the direction of the circumfer-
Generally, slurries are dispersed by electrostatic or elec-ence and moving upward and downward along the rotation
trosteric stabilization mechanisriis-9]. Electrostatic stabi-  shaft. This device can be used to prepare homogeneous

lization is accomplished by generating a surface charge onsuspensions, slurries, and pastes in a short time.

the particles, which causes a shift in pH of the slurry from  There have been several reports of the application of this
the isoelectric point (IEP). The IEP of 3 mol% yttria-doped device for the preparation of ceramics slurries. Fukuoka
zirconia (Y-TZ) is pH 7.7[10,11] However, Y-TZ slurries et al. [17] reported the preparation of a homogeneous
prepared only with water showed pH values of around 5.4. SiO,—TiO,—BaO sol using planetary mixer in a very short
Such slurries also show low viscosity, which is considered time. In the present study, the fluidity of Y-TZ slurry pre-
to be due to the positive surface charge of the particles. Onpared by planetary mixing was compared with that of a
the other hand, electrosteric stabilization requires the pres-slurry prepared by the conventional ball milling technique.
ence of polyelectrolytes. Previously, we reported the effects

of addition of polyacrylic acid on the fluidity of Y-TZ slur-

ries[12]. 2. Experimental

The ceramic powder used was high-purity Zri@ par-
tially stabilized form (Y-TZ) (TZ-3YS, Tosoh Co., Ltd.,
* Corresponding author. Tokyo, Japan). Average particle size, specific surface area,
E-mail address: sakurada@apchem.gifu-u.ac.jp (O. Sakurada). and density of the Y-TZ were 0.56n, 7nfg~!, and
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Fig. 1. Apparent viscosity and temperature change for 81wt.%,ZrO

. . . slurries as a function of revolution and rotation ratio.
6.05gcnt?3, respectively. Slurries were prepared by adding

Y-TZ to water. The water used to prepare all of the sample goeq when milk is heated, i.e. the Ramsden phenomenon.
solutions was distilled and purified with a Milli-Q system  ry;s \yas considered to be due to evaporation of water from
(Milli-Q Plus, Millipore Corporation, Billerica, MA). No ¢ gyrface of the slurry due to the increase in tempera-
dispersants or other reagents were added to the slurries. o The formation of this film caused heterogeneity in the
Concentreted slurries were prepered by two meth_OdS'Y-TZ slurry. Therefore, the optimum conditions in this sys-
Planetary mixing was performed using a planetary mixer (o \were a revolution rate of 7 and rotation rate of 9.
(MS-SNB 350N, Matsuo Industry, Osaka, Japaigbles 1 i 5 shows the effects of planetary mixing time on flu-
and 2show the rotation and revolution rates used in this idity at the optimum mixing conditions for 81 wt.% Y-TZ
study, respectively. The rotation rate is dependent on theslurry. Apparent viscosity decreased to a low value until
revolution _rate, and the m.a).(imu.m rotation rate is equal to 150s, maintained this level until 180s, and then increased.
the revolution rate. The mixing time can be set from 10 10 16 gjyrry temperature also increased with mixing time, and
990s in 10-s intervals. The other method used was CON-gphqeq an increase of 18 after 210's of mixing. In addi-
ventional ball milling with Y-TZ balls for 1-48h at room  jo the slurries with a surface film showed high viscosity.
temperature. Furthermo_re, a slurry was prepared by ball Fig. 3 shows the apparent viscosities of 81 wt.% Y-TZ
milling after plenetary mIXing. ) slurries prepared by ball milling after planetary mixing or by
The r.heologlcal behawer of .S|UI‘I’IES' was evaluated by .,nentional ball milling only as a function of ball milling
monitoring the apparent viscosity obtalned from the shear ;o The apparent viscosity of the slurry prepared by ball
rate versus shear stress curves atQaising a controlled _milling with planetary mixing was lower than that prepared
stress rheometer (RS-150, Haake, Karlsruhe, Germany) W'thby conventional ball milling only with all ball milling times
double gap cyllnder geometry (DG'M)' ) . examined. The apparent viscosity of the slurry prepared by
Sedimentation tests were carried out with 60 wt.% slurries p milling for 12h after planetary mixing for 150s was
transferred to a filled height of 25 ml in graduated cylinders
(ca. 1cm in diameter and ca. 30 cm in height). The origin of 20

the time scale was taken as the slurries were poured into the « ' 'Sh t' = ' /.
graduated cylinders. Sedimentation tests were performed for g . _.e_ar r2a ers ’
30 days. = T !
:m
> 18t )
3. Results and discussion @ g
[&]
—_ . . DL 17} =
The fluidities of Y-TZ slurries were measured to examine > <
the mixing efficiency of the planetary mixdfig. 1 shows S
the apparent viscosity and temperature changes of 81 wt.% g 16r
Y-TZ slurries as a function of the revolution rate and ro- 2.

tation rate. The mixing time was 150s. Apparent viscosity 1555 720 150 160 710
of the slurries decreased with increases in both revolution
rate and rotation rate. However, at a revolution rate of 9,
the slurry temperature increased by more than@@nd a Fig. 2. Apparent viscosity and temperature change for 81wt.%;,ZrO
film formed on the surface, similar to the phenomenon ob- slurries as a function of planetary mixing time.

Time /s
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Fig. 3. Apparent viscosity for 81 wt.% ZeOslurries as a function of ball
milling time with/without planetary mixing.
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Fig. 4. Sedimentation volume as a function of settling time for 60 wt.%
Y-TZ slurries prepared using various techniques.

equivalent to that of the slurry prepared by ball milling only
for 24 h.

Fig. 4 shows the results of the sedimentation tests of
various slurries. The slurries prepared by ball milling
with/without planetary mixing produced little sediment af-
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Fig. 5. Apparent viscosity as a function of solids loading for Zgurries
prepared by ball milling with planetary mixing.

were compared with those prepared by the conventional ball
milling method. Planetary mixing allowed the preparation
of Y-TZ slurries in less time than conventional ball milling,
and the resultant slurries had low viscosity. Ball milling with
planetary mixing could be used to prepare Y-TZ slurries in
half of the time required by the conventional method. This
indicates that planetary mixing can be used to markedly re-
duce the preparation time for ceramic slurries. When the
revolution rate is too fast or planetary mixing time is too
long, a film is formed in the surface of the slurry because of
the increase in temperature of the slurry. Thus, it is neces-
sary to determine the optimal balance of the revolution rate,
rotation rate, and planetary mixing time. Furthermore, a por-
tion of the large aggregate particles could not be crushed
by mixing alone. The combination of planetary mixing and
subsequent ball milling was useful to enhance the fluidity
of slurries keeping processing time to a minimum.

ter 30 days. However, the slurry prepared with planetary
mixing alone began to produce large amounts of sediment

after 4 days, and produced 3 ml of sediment after 30 days. This work was supported in part by a Grant-in-Aid for

The slurry prepared by mixing alone is considered to con- Scientific Research (No. 14655237) from the Ministry of Ed-

tain a portion of the large aggregated patrticles, suggesting . .
that planetary mixing alone could not break down the ucation, Culture, Sports, Science and Technology of Japan.

aggregated particles.

Finally, Fig. 5 shows the apparent viscosity of the slurry
prepared by ball milling with planetary mixing under the op-
timum conditions, as a function of solids concentration. Slur-
ries retaining low viscosity can be prepared up to 83wt.%
using the method described here.
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