Vacuum drying of slurries with filter press dryer
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Dewatering of sluny is one of the most important operations for the production of
particles via liquid phase reactions in various industries as well as sludge treatment of
wastewater. The production of dry fine particles from the slurry is commonly carried out by
mechanical fiiration followed by a drying process. However, this process requires the cake
discharge from a fitration chamber into a dryer, which brings additional cost and sometimes
material degradation especially for nanoparticles. Thé present work proposes a new
technology utilizing one chamber which can accomplish both mechanical dewatering and
drying without cake transportation. The new filter press dryer employs filtration and vacuum
drying processes. By optimizing the operating parameters in filtration and drying stages, the
energy consumption for producing dry fine particles can be reduced. In addition, this
techhology has not only an ability to dry the slurry up to almost 100% but also a possibility to
control the particle packing structure in the dried cake. This work were aimed at
investigating the effect of parameters and operating conditions on the drying rate and
studying the drying mechanism in filter press dryer and studying the fundamental drying
mechanisms of FPD by' constructing a simple featured model dryer (FMD) that possess the
essential structure of FPD.

1. Study of effects of operating conditions on drying characteristics
A‘new type of fitter press which is capable of dewatering slurry by fittration, squeezing
and drying in a single chamber is developed. The slurry particle is filrated under the

constant pressure of 95 kPa. squeezed by vacuuming the chamber (6kPa-abs) the



chamber in dewatering step. Iﬁ the drying prooés's, a fitter cake is heated by steam via thin
diaphragms (PTFE) while vacuuming the chamber. The basic performance of fitter press is
investigated using the slurry of magnesium carbonate which forms an incompressible fitter
| cake. The studies parametérs are slurry concentration, filration pressure, steam
temperature and.diaphragm ﬂwi;:kness. As aresult, it is found that higher flow rate of filirate
flow is obtained at lower slury concentration and filtration pressure. However, slurry
concentration and filiration pressure do’ n’ot affect the drying process. The evolution of cake
temperature showed that drying process can be divided into 3 regions; (1) the region
where the cake is heated from the initial temperature to the boiiing point, (2) the region in
which water in the cake evaporates at tﬁe boiling point, and (3) the region wheré the cake
of almost 100% solid is heated up to the final temperature. Moreover, the results showed
that by using ‘a higher steam temperature and/or a thinner diaphragm is effective for
signiﬁwnt]y reducing the drying time, aItering the temperature evolution of the cake as well
as the time-change in the water content Since new filter press utilizes a single chamber for
fitration, squeezing and drying, there is no need for cake discharge into a dryer, which

prevents the dust generation as well as the cake contamination.

2. Study on fundamental characteristics of filter press dryer (FPD) with a
feature model dryer (FMD)

A simple featured model dryer (FMD), which heats filtered cake through a thin
diaphragm, is developed in order to study the fundamental characteristics of fiter press

dryer (FPD). By employing the featured model dryer, we may open it at any time and



measure the temperature and local water content at any location of cake. The featured
model dryer is found to express the basic performance of fitter préss dryer.. The r&sults.
obtained with the featured model dryer showed that the local water content in the cake is
only a function of the local cake temperature. The relationship between the water cdﬁtent
and the cake temperature is unique characteristic for a given cake and a given drying
condition, which( can apply to both filter press dryer and featured model dryer. Furthermore,
the average water content in cake decreases exponentially with time when the water |
content is higher than 5% of the initial water content and the drying rate constant is higher
for a thinner diaphragm and higher vécuum pressure. In addition, the results showed that
the temperature in Region 2 fluctuated more significantly at a higher vacuum pressure. At a
lower absolute pressure, the evaporate water is highly Iocal'ized to form densely packed
particle near the drain outlet Since the particle layer blocks the passage of evaporated
water, another passage of evaporated water would newly form. The formation of
disappearance of vapor passage in the cake cause the fluctuation of pressure at a given

point in the cake, resulting in the fluctuation in the temperature.
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