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Abstract 

Steam dewatering of filter cakes is recognized as a competitive alternative to conventional air 

drying and thermally assisted mechanical dewatering (TAMD). The main benefit of cake 

dewatering with high-pressure steam is that mechanical and thermal dewatering can be efficiently 

performed in a single process step. The target of this study was to determine the potential of a steam 

dewatering technique for two industrial mineral suspensions. The first mineral, kaolin, was very 

difficult to dewater using conventional mechanical dewatering techniques, whereas the second one, 

ground calcium carbonate (GCC), represented only moderate resistance to filtration. The secondary 

objective was to compare the filterability of the original kaolin slurry with the same slurry treated 

with a coagulant (aluminium sulphate, Al2(SO4)3  16H2O). Four different kinds of experiments 

were performed; tests without any kind of cake dewatering, tests with air drying, tests with steam 

drying, and tests with both coagulation and steam drying. The obtained results show that steam 

dewatering is an efficient technique for achieving lower cake moisture contents. Also, the positive 

influence of coagulation on the filtration capacity was found to be considerable in the case of kaolin. 

An approximate energy balance was created for the steam drying process and the determined 

energy efficiencies were compared with those obtainable with an ideal thermal drier. The main 

conclusion from these comparisons is that steam drying can be effectively used instead of 

traditional thermal drying, if the large energy losses can be reduced by proper insulation and heat 

recovery systems.  

 

Keywords: Steam dewatering, filter press, kaolin, ground calcium carbonate (GCC), energy 

balance 

 

Symbols and abbreviations 

 

A  filtration area, i.e. area of filter cake 

C  heat capacity 

CL heat capacity of liquid 

CS heat capacity of solid  

cF  specific heat capacity of filtrate (4.19 kJ kg-1 °C-1) 

cK  specific heat capacity of kaolin (0.88 kJ kg-1 °C-1) 

cL  specific heat capacity of liquid 

cS  specific heat capacity of solid 

D particle diameter 

h  height of filter cake 
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hF specific enthalpy of filtrate 

hS specific enthalpy of steam 

Δhv  enthalpy of vaporization 

mD.S.  mass of dry solids in filter cake 

mF  mass of filtrate 

mF, cake  mass of filtrate in filter cake after steam drying 

mFW,cake  mass of filtrate in filter cake before steam drying 

mS  mass of steam 

mWC  mass of filtrate in filter cake 

p pressure 

P power 

Qh  heat of evaporation for water at 1.013 bar, 100 °C. ( 2257 kJ/kg) 

S  liquid volume per pore volume 

t  separation time 

T temperature 

Tf final temperature  

Ti  initial temperature  

ΔT  temperature difference 

 

η energy efficiency 

ρ density 

ρL  density of liquid 

ρs  density of solid 

ρsl  density of slurry 

ϕ quantity of heat 
 

D.S. dry solids 

GCC ground calcium carbonate 

 

 

1. Introduction 

 

The conventional techniques for dewatering cakes in filter presses are 1) mechanical compression 

and 2) air dewatering. These methods are not always effective in producing cakes of low-enough 

moisture. Alternative techniques for more efficient cake dewatering have therefore been developed. 

The use of steam instead of air in the cake dewatering stage has been investigated thoroughly by, 

for instance, Peuker and Stahl [1-4] who have contributed a great deal of fundamental work on the 

topic. In the field of coal dewatering, steam pressure filtration has been studied by, among others, 

Gerl and Stahl [5], Bongers et al. [6] and Chen et al. [7]. Thermally assisted mechanical dewatering 

(TAMD) with heating elements installed in the filter chamber has been studied by Couturier et al. 

[8], Mahmoud et al. [9], and Chantoiseau and Arlabosse [10]. Additionally, Bott and Langeloh [11] 

have detailed commercial steam-assisted hyperbaric disc and drum filters. Although many 

experimental studies have shown the obvious advantages of steam as the drying agent, the 

utilization of steam dewatering in large industrial process filters is still negligible. Furthermore, 

surprisingly few experimental studies have been previously published on the topic, even though 
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steam drying techniques in general have been utilized for selected applications since the middle of 

the 20th century [12]. Superheated steam has been used for drying paper [13], timber [14], various 

biomaterials [15] and, perhaps most importantly, food products [16-18]. Steam dewatering can be 

an effective alternative for slurries with high proportions of fines, for instance different mineral 

pigments and fillers. The aim of this study was to evaluate the performance of the steam dewatering 

technique for two different mineral slurries (kaolin and GCC) and to consider the energy 

consumption of the process.  

 

 

2. Materials and methods 

 

2.1. Properties of the kaolin slurry 

 

The solids concentration and the density of the kaolin slurry, obtained directly from an industrial 

process, were 53 wt.% and 1500 kg/m3, respectively. The suspension was intensively mixed before 

the tests to ensure a high degree of homogeneity. A very typical characteristic of kaolin is that the 

fines content is relatively high. Due to the high proportion of fine particles, filtration of the slurry 

is difficult. 

 

The size distribution of the particles, on a volumetric basis, was measured with a Beckman Coulter 

LS 13320 laser diffraction analyzer. As Fig. 1A shows, the average characteristics of 10 parallel 

runs were as follows: Dmean = 4.05 μm, Dmedian = 3.67 μm,   D10 = 0.43 μm, D50 = 3.67 μm, and D90 

= 8.25 μm.  

 

The liquid in the slurry was water (ρ ≈ 1000 kg/m3), the temperature of the slurry was 

approximately 25 ˚C and the pH was 6.2. Some of the tests were performed with a slurry after the 

addition of aluminium sulphate (Al2(SO4)3  16H2O) as a coagulant. A suitable coagulant dosage 

was found to be approximately 0.8 g (Al2(SO4)3  16H2O) / kgsolids.  

 

2.2. Properties of the GCC slurry 

 

The second type of solid investigated was GCC. The slurry was filtered at a solids concentration 

of 35 wt.% (ρ = 1260 kg/m3) and the temperature of the slurry was approximately 22 ˚C during the 

experiments. Preparation of the slurry prior to filtration was similar that of the kaolin. The GCC 

was filtered as it was, i.e. coagulants were not used in order to improve the filtration rate. As Fig. 

1B shows, the average characteristics of 10 parallel runs were as follows: Dmean = 5.41 μm, Dmedian 

= 4.79 μm,   D10 = 0.32 μm, D50 = 4.79 μm, and D90 = 11.88 μm.  
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Fig. 1. A) Differential and cumulative particle size distributions of 10 parallel runs for the 

kaolin slurry. B) Differential and cumulative particle size distributions of 10 parallel 

runs for the GCC slurry. 

  

2.3. Filtration equipment 

 

A Larox PF 0.1 pressure filter (Fig. 2) was used in all filtration tests, with a filtration area of 0.1 

m2 and a chamber height of 33 mm. In order to avoid damage caused by high temperatures, the 

conventional elastomer compression diaphragm of the test filter was replaced with a diaphragm 

made of heat-resistant silicone. The filter cloths were also of a heat-resistant type, made of 

polyester. The filter cloths were successfully used without any cloth damage during the tests. The 

normal polypropene support grid under the cloth was replaced by a one made of stainless steel.  
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Fig. 2. Larox PF 0.1 pressure filter. 1) slurry tank, 2) wash water tank, 3) filter chamber. 

The pressing water tank is located between the slurry tank and the filter chamber. 

 

The filter unit was equipped with automatic data collection software, which was used to record the 

compression pressure, cake temperature, filtrate temperature and filtrate mass once per second. 

There were two temperature sensors installed into the test unit for these experiments: one inside 

the filtration chamber, about 15 mm above the cloth and the second a few millimeters below the 

filter cloth.  
 

One potentially important instrument that was missing from the test unit was a flowmeter for 

measuring the flow rate of steam. The steam consumption during the drying stage had therefore to 

be estimated, based on the amount of filtrate (i.e. condensed steam) accumulated during the steam 

drying stage. The saturated steam used for cake drying was generated by a Steam 500 movable 

steam generator (P = 0.34 MW, capacity = 500 kg/h). The pressures of the steam used for drying 

were 3, 6, 8, 9 or 10 bar. The steam was fed into the filter chamber via the wash water inlet. 

 

The filtration cycle consisted of the following stages: 1) Pumping / filtration (5 bar), 2) Pressing (8 

or 16 bar), and 3) Drying with air (6 bar for kaolin, 5 bar for GCC) or steam (6-10 bar for kaolin, 

3-9 bar for GCC). The tests were divided into four categories: tests without any kind of cake drying, 

tests with air drying, tests with steam drying and (for kaolin) tests with both coagulation and steam 

drying. First, two tests including only the filtration (5 bar) and pressing (16 and 8 bar) stages were 

performed without coagulant. The filtration times in the 16 bar and 8 bar tests were 25 s and 180 s, 

respectively. The aim of these tests was to obtain reference values about the cake moisture contents 

prior to steam drying for evaluating the drying efficiency. After these two tests, four tests were 

carried out by applying conventional air drying at 6 bar. The drying stage was continued for 5 

minutes in order to obtain the lowest possible cake moisture content that could be practically 

achieved by air drying at 6 bar.  
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2.4. Filtration and steam drying of kaolin 

 

The first series of steam drying tests consisted of 12 experiments (Table 1), which were carried out 

on non-coagulated slurries. Additionally, 10 experiments were carried out after coagulant addition, 

using a dose of 0.8 g Al2(SO4)3  16H2O / kgsolids. The temperatures of the saturated steam at 6, 8 

and 10 bar were 159, 170 and 180 °C, respectively. During the filtration stage, the feed pressure 

was held constant and the duration of the pumping stage was chosen to be either ‘short’ or ‘long’. 

 

‘Short’ pumping means that the feed pump was stopped about 10 seconds after the flow of filtrate 

started. This means that the total duration of the filtration stage was typically about 20-30 s, the 

constant pressure period being shorter.  ‘Long’ pumping, on the other hand, was intended to be 180 

s from the start of the filtrate flow. When the tests were performed without the coagulant addition, 

these pumping times could easily be reached. However, when coagulant was added into the slurry, 

it was noticed that about 100 s was the maximum pumping time that could be achieved. This was 

because of the apparent risk of blocking the feed pipe with the thickening slurry. 

The pressing stage was performed using two different pressures (and the average of these, in Test 

28) and the duration of the pressing was determined by the so-called X-point. This means that the 

pressing stage was stopped when a significant drop was observed in the feed line pressure, which 

actually happened when the compression diaphragm blocked the slurry feed port. Similarly, the 

duration of the steam drying stage was equal to the steam breakthrough time, which was easy to 

determine based on the lower temperature sensor as well as based on visual observations (steam 

flow from the filtrate outlet). 

 

In addition to the experimental plan presented in Table 1, two tests (1-2) were carried out without 

any drying (only filtration and pressing). Air drying of filter cakes was performed in four 

experiments (3-6). Apart from the drying stage, Tests 1 and 6 were similar to Test 10, Tests 2 and 

5 were similar to Test 9, and Tests 3 and 4 corresponded to Tests 7 and 8, respectively. 

 

2.5. Filtration and steam drying of GCC 

 

In addition to the tests with a difficult-to-filter kaolin slurry, a large series of experiments was 

carried out with GCC that was significantly coarser and also much easier to separate. The 

experimental plan for the experiments performed using GCC is presented in Table 2. Tests A1-A9 

were performed with air drying, Tests S1-S10 with steam drying at 6 bar, Tests S11-S20 at 3 bar, 

and Tests S21-S30 at 9 bar. 

 

2.6. Progress of steam drying 

 

The steam drying stage was always continued until the steam started to flow from the filtrate pipe, 

i.e. until the breakthrough point mentioned earlier was reached. This point was also very clearly 

detected from the temperature data collected during the tests. An example of the experimental data 

collected is presented in Figure 3, showing the filtrate mass and filtrate temperature for one of the 

experiments. 
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Fig. 3.  An example of the data collected during one of the filtration tests. 

 

The duration of the pumping stage in this particular example was about 100 s and it was followed 

by a relatively short cake pressing (≈ 120 s). The temperature of the filtrate was practically constant 

during the pumping and pressing and started to increase halfway during the steam drying stage as 

the cake and the filtrate heated up. 

The breakthrough of steam through the cake is seen as a very sharp change in the temperature 

curve at about 640 s. This is the point when the filtrate temperature reaches 99 C and was 

considered to be the end point of steam drying in all tests. The duration of the steam drying stage 

varied widely, from 147 to 1796 seconds, depending on the other process conditions. 

 

2.7. Handling of filter cakes 

 

The cakes obtained from the experiments were analyzed for mass, thickness and moisture content. 

Determination of the moisture content was performed by drying the cake samples in a heating 

chamber at 105 °C, until a constant cake mass was obtained. Cake thickness was measured at five 

points, the average of which was then calculated.  

 

2.8. Equations 

 

The heat capacity, C, of a wet porous system, such as a filter cake, can be calculated as the sum of 

the heat capacity solid (CS) and the liquid (CL): 

 

LS SCCC   )1(           (1) 

 

where ε is the porosity and S is the saturation, i.e. the ratio of liquid per pore volume. 

 

The mass of steam ms needed to heat a filter cake from the initial temperature Ti to the final 

temperature Tf can be estimated using the following Equation: 
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where ρS is the density of the solid, cS is the specific heat capacity of the solid, cL is the specific 

heat capacity of the liquid, ρL is the density of the liquid, h and A are the height and area of the 

filter cake respectively and Δhv is the enthalpy of vaporization. More calculations concerning the 

energy consumption are presented in Section 4. 

 

The density of solid used in Eq.(2) is calculated from Eq. (3): 

)1( wslL

Lslw

s
c

c







           (3) 

 

where cw is the dimensionless solid content of the slurry and ρsl is the density of slurry. Density of 

kaolin and GCC were calculated to be 2460 kg/m3 and 2500 kg/m3, respectively. 

 

In this study, the production capacity of a pressure filter is defined as the gross capacity, which 

means that the technical time required for cake discharge, cloth washing, filter opening and closing 

etc. is excluded. 

 

At

m
Capacity SD ..           (4)  

 

where mD.S. is the mass of dry solids in the filter cake, A is the area of the filter and t is the separation 

time including filtration, cake pressing and drying. 

 

 

3. Results and discussion 

 

3.1. Cake properties and filtration capacities 

 

The cake moisture contents and the filtration capacities obtained from all tests are presented in Fig. 

4. Although this figure does not show the exact experimental conditions for the individual tests, it 

can be seen that the lowest cake moisture contents and highest capacities are in fact found in the 

same tests. This is because the temperature of the saturated steam is also higher at higher pressures. 

Because the cakes were heated to a higher temperature, the removal of moisture was accelerated 

as the liquid viscosity was reduced. The steam breakthrough times and the corresponding cake 

thicknesses for kaolin and GCC are presented in Table 3. The test variables have been listed earlier 

in Tables 1-2.  
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Fig. 4. Cake moisture contents vs. capacities for all tests. Dewatering of kaolin (A) and 

GCC (B). 

 

In the kaolin experiments (Fig. 4A), the lowest obtained cake moisture content was 13.7 wt.%. The 

highest moisture contents, approximately 30 wt.%, are, as expected, obtained from the tests where 

the cakes were not dried at all. It is interesting to notice that the moistures of the cakes from the 

tests with air drying are only about 1–2 wt.% lower. This means that the effectiveness of air drying 

was very poor in this case. 

 

It is clearly apparent that the addition of coagulant improves filtration. This is likely to be due to 

the more open cake structure which results in faster filtration rates during the feeding, shorter 

pressing times and a lower resistance to the flow of steam through the cake. Highest capacities, in 
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terms of kgD.S./m
2h, were obtained from the experiments where the cake drying was not performed 

at all (in other words, the cake moistures are high). This is of course due to the considerably shorter 

cycle time. The capacities from the tests with steam drying and coagulant addition are, however, 

almost as good. This is due to the more open cake structure, which results in a faster filtration rate 

during the feeding, shorter pressing times and lower resistance to steam flow during the drying 

stage. 

 

Although coagulants were not used for GCC, the capacities (Fig. 4B) were approximately double 

compared to those obtained for kaolin. The cake moisture contents could be significantly reduced 

by steam drying. In the best case, after steam drying at 9 bar, the residual moisture content was less 

than 3 wt.%. As with the kaolin tests, high drying pressure was the main contributor to the low 

cake moisture contents.  
 

One important outcome that was followed during the tests was the cake release from the filter cloth. 

Cake discharge was easy, especially in the experiments where steam was used for drying. The 

addition of coagulant did not seem to influence the cake release. The properties of the cloth also 

appeared to remain unchanged throughout the whole test series. 

 

As presented in Fig. 5, steam drying for the dewatering of GCC is superior to air drying in terms 

of cake moisture. It is also clear that not only is the duration of the drying stage important, but that 

the application of high pressure helps to reduce the residual moisture content more effectively. It 

is possible that water cannot be pushed away from the smallest pores in the filter cake at 3 and 6 

bar. Another explanation is perhaps the reduced ability of the steam to be condensed in the filter 

cake at elevated temperatures.  

 

 
Fig. 5. An illustration of the decrease of the cake moisture contents obtained by air drying 

and steam drying of GCC filter cakes at various conditions. 
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4. Energy balance of steam drying 

 

The energy efficiency of the steam drying process for kaolin filter cakes was estimated based on 

the energy balance illustrated in Fig. 6. It was simply assumed that the energy content in the 

saturated steam fed into the filter was equal to the energy accumulated in the moist filter cake, heat 

energy loss and the outcoming heat energy in the filtrate. The energy accumulated in the filter cake 

was estimated by the sum of the energy requirements for heating the solids and the residual liquid. 

Most of the loss may have occurred as a result of thermal conduction out of the non-insulated filter 

chamber. 

 

 
 

Fig. 6. Schematic diagram of the energy balance of the steam drying process. 

 

The energy balance shown in Fig. 6 can be described by the equation: 

 

acclossoutin           (5) 

 

The parameters in the energy balance can be estimated based on the data collected during the 

filtration and drying tests. The heat energy fed into the filter equals the heat energy content of the 

steam and it can be calculated from equation 

 

),( pThm SSS           (6) 

 

where mS is the mass of the steam fed into the filter and hS(T, p) is the specific enthalpy of steam 

at temperature T and pressure p. The temperatures of saturated steam in the applied pressures of 6, 

8 , and 10 bar were 158,8 °C, 170,4 °C, and 179,9 °C, respectively. The corresponding specific 

enthalpies under these pressures were 2756 kJ/kg, 2768 kJ/kg, and 2776 kJ/kg. 

Because of the lack of a flow meter for steam, the steam consumption mS had to be estimated from 

the mass data collected. The basic assumption was that the mass of steam fed into the filter equals 

the mass of filtrate collected during the steam drying stage minus the mass of filtrate originating 

from the filter cake: 

 

WCFS mmm           (7) 
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where mF is the mass of filtrate collected during the drying stage and mWC is the mass of filtrate 

originating from the filter cake.  

 

Masses of the filtrates were recorded by the data collection software, but the filtrate masses 

originating from the cake were estimated according to the results obtained from the reference tests. 

Two reference tests were carried out without any kind of cake drying, which means that the pores 

of these cakes were completely filled with liquid, i.e. the saturation of the cakes was 100 %. The 

moisture contents of the cakes were 29,6 w-% and 31,6 w-% and the average of these values was 

30,6 %. This average moisture content was used in the calculations to describe the initial moisture 

content of all filter cakes before the drying stage. The mass of filtrate originating from the cake 

during the steam drying stage was estimated according to Eq.(8): 

 

cakewet

cakedry

WC m
m

m 



)306.01(

        (8)  

 

where mdry cake is the mass of oven-dried cake and mwet cake is the mass of the cake after the steam 

drying stage. 

 

The filtrate contains a quantity of heat that can be obtained from  

 

),( pThm FFF           (9) 

 

where ФF is the energy content of the filtrate collected during the drying stage and hF(T, p) is the 

specific entalphy of the filtrate at temperature T and pressure p. 

 

During the steam drying stage, filtrate was heated by (condensing) steam from the initial 

temperature of 21 °C to the final temperature of 99 °C at which point the drying was stopped. 

Although the filtrate temperature did not rise linearly during the steam drying stages (Fig. 3), an 

average value of 61 °C was used in the calculations for estimating the energy content of the filtrate 

collected. The specific enthalpy of water at 61 °C is 255.7 kJ/kg.  

 

The energy accumulated in the filter chamber equals the energy needed to heat up the cake: 

 

TcmTcm KcakedryFcakeFacc   ,        (10) 

 

where mF, cake is the mass of filtrate in the cake after the steam drying stage, cF is the specific heat 

capacity of the filtrate (cwater = 4.19 kJ kg-1 °C-1), ΔT is the temperature difference (99 °C – 23 °C 

= 76 °C), and cK is the specific heat capacity of kaolin [19], 0.88 kJ kg-1 °C-1.  

The loss of heat energy caused by conduction out of the filter chamber and pipelines can be 

estimated according to the energy balance (Eq. 5) as follows: 

 

accoutinloss           (11) 
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The energy efficiency η of the drying process can also be calculated from the energy balance 

presented in Fig. 6. In this case it is calculated from the equation: 

 

in

accout







          (12) 

 

The energy efficiencies of the drying process are presented in Fig. 7, which shows that drying can 

be generally performed with higher efficiency when the coagulant is used. Coagulation of the feed 

slurry also helps to reduce the variance between the energy efficiencies obtained in different 

conditions.  

 

 
 

Fig. 7.  Energy efficiencies (Eq. 12) for all steam drying experiments of kaolin. 

 

According to the results presented in Fig. 7, only a relatively small proportion of the energy fed 

into the filter can be utilized for the cake drying. This indicated a large energy loss that most 

probably occurred by conduction through the chamber walls that were made of stainless steel. The 

outer temperature of the equipment increased significantly during the tests. Thus it is apparent that 

the material of the filter chamber plays an important role in the insulation of the filter. 

 

One important explanation for the poor energy efficiency is the high cake resistance, which causes 

the condensation front to move very slowly through the cake. For this reason, a significant quantity 

of heat is consumed in heating up the equipment, whereas a smaller amount of energy is utilized 

for heating up the cake. In this case it is apparent that heat transfer by conduction inside the cake 

is very slow. This can be seen from Fig. 3, showing the temperature of the filtrate during the drying 

stage. The presented data shows that the most rapid increase in the filtrate temperature is obtained 
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at the end of the drying stage before the filtrate temperature reaches 99 °C (before steam starts to 

flow from the filtrate pipe). These results suggest that the temperature difference between the upper 

and lower parts of the cake was significant (before the breakthrough point) and that the movement 

of the condensation front through the cake could be more accurately determined using several well-

insulated temperature sensors. 

 

The conclusions presented above are also supported by the results of the energy balance 

calculations. The energy efficiency was slightly higher when the coagulant was used. As a result 

of coagulation, the cake resistances were lower and the structure of the cakes was more open. The 

average energy efficiency without the coagulant was  20.8 %, while the average efficiency with the 

coagulant was 24.4 %. 

 

The energy consumption required for steam drying of each of the filter cakes, calculated from 

Eq.(2) and Eq.(10), are presented in Fig. 8. It can be observed that the results differ, or in other 

words, most of them lie above the diagonal. There are a couple of possible explanations for the 

differences: 1) the saturation of cakes in Eq.(2) was assumed to be 1, although it is likely to be 

smaller, 2) the estimated porosity and solid contents may be slightly inaccurate, 3) the measured 

cake thickness is not perfectly accurate because of irregularities in the cake shape, and 4) the cake 

thickness may change during the steam drying stage. Especially in the case of coagulant-aided 

filtration, the degrees of saturation may have been significantly below 1, since air was entrained 

into the thick slurry during mixing and pumping prior to filtration. 

 

 

 
Fig. 8. Comparison of energy consumptions for steam drying of kaolin cakes calculated 

from two different equations. The energy consumptions with and without coagulant 

addition are also compared. 
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5. Comparison of steam drying with ideal thermal drying at atmospheric pressure 

 

The energy consumption of the steam drying process was also compared with an ideal thermal 

dryer (η = 100 %) that evaporates water out of the filter cake. The energy balance of an ideal dryer 

was made for each test in such a way that the residual moisture content of the kaolin cakes would 

be equal to that of the steam-dried cakes. The first step in the thermal drying process is to heat up 

the entire cake from 23 °C to the boiling point of water. The energy required for this can be obtained 

from equation: 

 

TcmTcm KcakedryFcakeFWD   ,1        (13) 

 

where mFW,cake is the mass of filtrate in the cake before the steam drying. 

In the second step, water is evaporated from the filter cake until the residual moisture content is 

equal to that after the steam drying stage. The energy required for this step can be approximated: 

 

)( ,,2 cakeFcakeFWhD mmQ              (14) 

 

where Qh is the heat of evaporation for water at 1.013 bar, 100 °C.  Qh = 2257 kJ/kg. 

Comparison between the theoretically calculated energy consumptions of an ideal thermal drier 

and the energy consumptions calculated from the data of the steam drying experiments is presented 

in Fig. 9. 

 

 
Fig. 9. Comparison between the estimated energy consumption of an ideal thermal drier 

and the energy consumptions calculated from the experimental data of the steam 

drying of kaolin in a pressure filter.  
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The comparison presented in Fig. 9 shows that the energy consumption in an ideal thermal drier is 

larger than the energy needed to heat up the cake and the filtrate during the steam drying process. 

This can be explained by the fact that the stage requiring the largest amount of energy, i.e. 

evaporation of water from the cake, is largely eliminated in the steam drying process. In other 

words, the mechanical displacement effect is mainly responsible for the moisture removal from the 

filter cake. However, the energy of steam fed into the filter is much larger than the energy needed 

for the thermal drying. Therefore, the great loss of heat from the filter during the steam drying stage 

should be reduced by proper insulation. Additionally, it must be noted that in non-ideal thermal 

drying, some loss of heat also takes place. Quantification of that loss would, however, require 

reliable data from different kinds of thermal dryers. 

One of the main advantages of steam drying performed in a filter unit is that the need for cake 

transport from the filter to a thermal dryer is eliminated. The combination of two unit operations 

in one device can also be expected to reduce the capital cost and to enable efficient heat recovery. 

 

 

6. Conclusions 

 

The target of this study was to determine the potential of the steam dewatering technique for two 

mineral suspensions, kaolin and GCC, using a pressure filter for both filtration and drying of the 

produced filter cakes. In both of these cases, exceptionally low cake moisture levels were obtained. 

The secondary objective was to compare the filterability of the original kaolin slurry with the slurry 

treated with a coagulant. With respect to the cake dryness, the use of coagulant resulted in a slight 

improvement, while its positive effect on the filtration capacity was more significant. The steam 

dewatering rates obtained for GCC were significantly higher, compared to kaolin. 

It was found that it was possible to obtain a cake moisture level of less than 14 w-% for kaolin 

when the coagulant was used and the cake was pressed at 16 bar followed by steam drying at 10 

bar pressure. In the case of GCC, extremely low cake moisture contents, even less than 3 wt.%, 

could be achieved by 390 s of steam drying at 9 bar. The use of coagulant for the kaolin slurry 

helped to decrease the cake moisture contents when the steam drying pressure was 8 or 10 bar. 

However, in the steam drying experiments performed at 6 bar, such effect was not significant. For 

kaolin, the minimum time for the steam to penetrate through the cake was less than 3 minutes and 

the maximum was almost 30 minutes. The corresponding range for GCC was 1 to 8 minutes. 

Drying and pressing times were found to be shorter when the coagulant was used. The most 

important issue concerning future studies will be a more accurate estimation of the energy 

consumption. It has been showed in this paper that the potential of steam dewatering for difficult-

to-filter materials is very good but a comprehensive study still needs to be carried out comparing 

different types of traditional dryers with the steam drying technique. 
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