
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Separation Science and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713708471

Flow Resistance in Filter Cakes Due to Air
George G. Chasea; Max S. Willisa

a DEPARTMENT OF CHEMICAL ENGINEERING, THE UNIVERSITY OF AKRON AKRON, OHIO

To cite this Article Chase, George G. and Willis, Max S.(1991) 'Flow Resistance in Filter Cakes Due to Air', Separation
Science and Technology, 26: 1, 117 — 126
To link to this Article: DOI: 10.1080/01496399108050460
URL: http://dx.doi.org/10.1080/01496399108050460

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/01496399108050460
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SEPARATION SCIENCE AND TECHNOLOGY, 26(1), pp. 117-126, 1991 

Flow Resistance in Filter Cakes Due to Air 

GEORGE G. CHASE and MAX S. WILLIS 
DEPARTMENT OF CHEMICAL ENGINEERING 
THE UNIVERSITY OF AKRON 
AKRON, OHIO 44325-3906 

Abstract 
The objective of this work is to show that air bubbles can adversely effect the 

performance of pressure filtrations. The effect of air on liquid flow resistance is 
measured in a well-characterized filter cake of Lucite particles. Air is introduced 
into the cake by allowing air bubbles to become entrained with the particles in the 
slurry at the start of filtration. Filtration with entrained air bubbles is compared 
to filtration without air bubbles. Experimental measurements show a significant 
increase in flow resistance due to the presence of air in a pressurized cake filtration. 
The presence of air bubbles in the filter cake can result in misinterpretation of 
experimental data. This in turn can increase operating and experimental testing 
costs and complicate efforts to predict filtration performance. 

INTRODUCTION 
There are many ways that air or other gases can enter a filter assembly 

and become trapped in a filter cake. For example, the slurry entering the 
filter assembly may have air bubbles in it or the liquid may have dissolved 
air which may degas in a vacuum filter. Another way is for the air to be 
present in the filter assembly before filtration starts. This latter case can 
occur if filtration equipment is not completely purged of air before it is 
run. Filtration equipment such as plate pressure filters typically have vents 
(I)  to remove the air after assembly, or the air is forced out through the 
medium as the slurry is pumped into the assembly (2, 3). No studies are 
currently available in the literature on how well air is removed from process 
scale filtration equipment or on the effect that incomplete removal of air 
has on the filter performance. 

Perry and Dobson ( 4 )  showed that the presence of degassed air in a 
cake performed in a vacuum filter is an important factor in controlling the 
course of filtration. Their experiments were run on polyvinyl chloride in 
water slurries, and the presence of the air bubbles was detected by using 
conductivity electrodes. 
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118 CHASE AND WlLLlS 

Chi et al. ( 5 )  examined the effect of entrained air bubbles on the rate 
of filtration and extent of dewatering of fine-coal filter cakes in vacuum 
filtration. They used an image analyzer to measure the bubble sizes in 
relation to the pore size and particle size distributions in the cake. 

In this work the presence of air in Lucite filter cakes is detected with 
conductivity electrodes and local pressure gradients. An air space is intro- 
duced at the top of the filter assembly before the start of filtration as shown 
in Fig. 1. Experimental data show that in a constant pressure filtration, 
enough air can be entrained to have an adverse effect on filter operation. 
These data are compared with a filtration when the chamber is completely 
purged of air at the start of filtration. 

THEORETICAL 
Current cake filtration theories are based on the two resistance model 

(1-3) or the volume-averaged continuum theory (6,7). These two theories 
are compared in Table 1 in which analogous equations are given for the 
total resistance to liquid flow through a filter cake. The governing equation 
for the two resistance model is based on an analogy to Ohm’s law in 
electricity (8). The governing equation for the continuum model is the 
simplified momentum balance for the fluid phase from volume-averaging 
theory (6, 7). 

A subtle difference between the two approaches is in the definition of 
the pressure drops that are related to the total resistance to flow. For the 
two-resistance model the total resistance, pr, is related to the total pressure 

z = L  - 
Z 

t 
z=o - FILTER HEDIUY 

FIG. 1. Filter assembly with air space. 
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FLOW RESISTANCE IN FILTER CAKES DUE TO AIR 119 

TABLE 1. 
Comparison of Filtration Theories 

~~ 

Two-resistance theory (1-3) 

~ ~ ~ 

Continuum theory (6 ,  7) 

Governing equation: Governing equation: 

Neglect medium resistance and introduce Evaluate the filter medium at z = 0: 
R, = rx(V/A) :  

Substitute x = AL/V and solve for total 
resistance: 

Solve for total resistance: 

A AP 
pr = - 

VL (3) 

drop across the cake plus the filter medium, AP. Conversely, the total 
resistance in the continuum approach, -R&/q&, is related to the pressure 
drop only across the filter cake, P,. 

Filter cakes can be characterized by data on the total resistance to flow. 
For isothermal one-dimensional filtrations, the two-resistance model char- 
acterizes a cake with a constant total resistance as an incompressible cake. 
If the total resistance increases as the filtration progresses, then the cake 
is said to be compressible due to the character of the particles that form 
the cake (1-3). The changing resistance is attributed to the material prop- 
erty dependence on the pressure drop, AP.  Compressible cakes are nor- 
mally correlated by the empirical relationship proposed by Almy and Lewis 
(9): 

r = roAPs (7) 

in which ro is the specific cake resistance at small pressure drops and s is 
the compressibility factor. 

Similarly, the continuum approach interprets a cake with a constant total 
resistance as nonclogging and one with an increasing resistance as clogging 
(7). The resistance function, R&, can be shown to be dependent on fluid 
density, temperature, and local porosity (10). The fluid intrinsic viscosity 
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120 CHASE AND WlLLlS 

can be factored out of the resistance function to relate the resistance to 
the permeability by 

which in effect separates out the temperature dependence (6, 11). The 
porosity dependence can be evaluated by introducing a constitutive relation 
for the solid phase stress (12). 

EXPERIMENTAL 
To show that air has an adverse effect on filter performance and can 

cause misinterpretation of experimental data, two experiments were run 
in the same filter assembly in which the only significant difference between 
the experiments was the presence or absence of air. In these experiments 
the local pressures were measured by transducers connected to taps along 
the assembly wall, the local fluid phase volume fraction was measured by 
conductivity probes along the wall opposite the pressure taps, the filtrate 
volume was obtained from the weight of the collected filtrate, the filtrate 
rate was measured with a magnetic flowmeter, and the cake height was 
measured visually with a scale. 

The experimental conditions are summarized in Table 2. The experi- 
mental results are plotted in Fig. 2 through 8. 

Figures 2 and 3 are plots of the total flow resistance versus cake height 
for the cakes without air and with air, respectively. In both figures the 
solid circles are the resistances calculated for the two-resistance theory, 
Eq. (3), and the open circles are for the continuum theory, Eq. (6). 

TABLE 2 
Summary of Experimental Conditions 

Slurry concentration 
Liquid phase 
Solid phase 

Filter medium 
Controlled cake pressure drop 
Filtration area 
Temperature 
Presence of air 

93% by volume liquid phase 
0.0025 molal solution of KC1 in water 
Spherical particles of Du Pont Lucite acrylic 

resin, mean diameter of 70 pm, 70% of the 
particles fall in the 44 to 148 pm range. 

Whatman 4 
69 kPa 
0.004093 m2 
21°C 
Experiment 1: All air is completely purged from the 

Experiment 2: At the start of filtration a 2-cm layer 
assembly. 

of air is trapped at the top of the assembly. 
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FIG. 2. Total flow resistance for Lucite cake withoilt air. 

The relatively constant resistances in Fig. 2 indicate that the cake is 
incompressible (two-resistance theory) and nonclogging (continuum the- 
ory). However, the increasing resistances in Fig. 3 indicate that the cake 
is compressible and clogging. This shows an inconsistency in the cake ma- 
terial behavior under identical conditions (except for the presence of air). 

Figures 4 and 5 are plots of the local porosity (liquid phase volume 
fraction) for the experiments without and with air. Figure 4 shows a uniform 

FIG. 3. Total flow resistance for Lucite cake with air. 
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FIG. 4. Local porosity profiles for Lucite cake without air. 

porosity profile which is consistent with the incompressible and nonclogging 
characterization of the cake in Experiment 1. Figure 5 shows a nonuniform 
porosity profile which is consistent with the compressible and clogging 
characterization of the cake in Experiment 2. 

Similarly, the (almost) linear pressure profiles in Fig. 6 are consistent 
with the incompressible and nonclogging cake of Experiment 1, and the 
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FIG. 5. Local porosity profiles for Lucite cake with air. 
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FLOW RESISTANCE IN FILTER CAKES DUE TO AIR 123 

FIG. 6. Pressure profiles for Lucite cake without air. 

nonlinear pressure profiles of Fig. 7 are consistent with the compressible 
and clogging cake of Experiment 2. The nonlinearity in the pressure profiles 
of Fig. 7 occur within the same 0 to 0.04 m above the medium, as does 
the significant change in porosity in Fig. 5. 

The filtrate volume versus cake height data for the two experiments are 
plotted in Fig. 8. A linear fit of the data shows that the plots have the 
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A L = ,132 m 
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L = .176 m 

0.000 0.050 0.100 0.150 0.200 
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FIG. 7. Pressure profiles for Lucite cake with air. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
5
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



124 CHASE AND WlLLlS 

0.0 10 
0 WITHOUT AIR 

- LINEAR FIT OF DATA 

0.000 1 1 
0.000 0.050 0.100 0.150 0.200 

CAKE HEIGHT (m) 

FIG. 8. Comparision of filtrate volume versus cake height for the filtrations with and 
without air. 

same slope within experimental error. This means that the solid phases of 
the cakes for the two experiments occupy the same volume fraction. If the 
solid particles in Experiment 2 were migrating or deforming to cause a 
reduced porisity near the medium as indicated in Fig. 5, then the filtrate 
volume data for Experiment 2 in Fig. 8 would be nonlinear with a slope 
greater than that for Experiment 1. The two curves in Fig. 8 do not pass 
through the origin due to the displacement of particle-free liquid that is in 
the filter assembly before the start of filtration. 

DISCUSSION 
The identical slopes of the two plots in Fig. 8 show that the two filter 

cakes in Experiments 1 and 2 have the same particle packing and that the 
decrease in the porosity in Fig. 5 near the medium is not due to particle 
movement or deformation. The most likely cause of the reduced porosity 
is the presence of air bubbles within the cake in Experiment 2. 

Quantitative measurement of the amount of trapped air bubbles within 
the cake in Experiment 1 is not available. Small bubbles were visually 
observed through the Plexiglas walls of the filter assembly in the region 
between 0 and 4 cm above the filter medium. No bubbles were observed 
in Experiment 2. 

It is speculated that in the filtration rate is high enough at the start of 
filtration that many air bubbles are entrained with the particles in the slurry 
when air is present at the top of the filter assembly. As particles start 
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FLOW RESISTANCE IN FILTER CAKES DUE TO AIR 125 

formimg the cake, they trap bubbles inside the cake. As the cake grows, 
the flow rate slows enough so that the air bubbles in the slurry can move 
counter to the flow and not get trapped in the succeeding layers forming 
the cake. This accounts for the shape of the porosity profile in Fig. 5 and 
our visual observation that air bubbles are trapped only near the medium 
in the initial layers of the cake. 

As the cake depth increases, the local pressure at a given point in a cake 
decreases. When a cake has trapped air bubbles, the decrease in pressure 
allows the bubbles to expand. The expanding bubbles cannot move the 
solid phase, so they displace the liquid phase. This constricts the void space 
available for liquid flow through the cake near the medium, and it causes 
an increase in the pressure gradient as observed in Fig. 7. 

The plot in Fig. 3 shows an increase of about 20% in the total resistance 
to flow. For some equipment this may be within experimental error. How- 
ever, this increase occurred with air bubbles trapped in only a small portion 
of the cake. Much higher flow rates could be achieved with industrial 
equipment, which would result in trapped bubbles throughout the cake. 
Chi et al. ( 5 )  showed that when bubbles are trapped throughout a cake, 
total resistance can increase by as much as 300%. 

A common technique in industry is to start filtration with a gradual 
increase in the pressure drop (13). This is done to allow the particles in 
the initial layers of a cake to form with more open packing and lower 
resistance to flow. The experimental data here suggest that another reason 
would be to minimize the entrainment of air in the cake. 

CONCLUSIONS 
The experimental data show that air in a filter assembly can be entrained 

with the slurry and trapped in a filter cake. Trapped air bubbles cause the 
resistance to flow to increase, and they can make an otherwise incom- 
pressible or nonclogging cake appear to be compressible or clogging. This 
inconsistency can make experimental analysis of filter cakes more difficult. 
To obtain consistent results, air must be completely purged from filter 
assemblies before starting filtration. 

NOMENCLATURE 
A filtration area 
J,) 
KO 
L cake height 
P, 
AP 

dimensionless pressure gradient at the medium, at z = 0 
permeability of the cake at medium, at  z = 0 

pressure drop across the filter cake 
pressure drop across the cake plus the filter medium 
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resistance of the cake to flow, two-resistance theory 
resistance of the medium to flow, two-resistance theory 
resistance function, continuum theory 
resistance function evaluated at the medium 
specific volumetric cake resistance, two-resistance theory 
specific volumetric cake resistance at small pressure drop 
cake compressibility factor 
filtrate volumetric flow rate 
filtrate volume 
velocity difference between the solid and fluid phases 
ratio of cake volume to filtrate volume 
porosity or void fraction of the liquid phase 
porosity of the cake at the medium, at z = 0 
fluid phase intrinsic viscosity 
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