Cake Filtration
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Cake Filtration

Cake filtration consists of passing a solid
suspension (slurry) through a porous medium
or septum (e.g., a woven wire). The solids iIn
the slurry are retained on the surface of the
medium where they build up, forming an
Increasing thicker cake.

As more slurry is filtered the solids retained on
the medium provide most of filtering action. In
cake filtration the cake is the real filtering
element.
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Cake Filtration (continued)

As time goes by the thickness of the cake
Increases, as more solids are filtered. This
results in a corresponding increase of the
pressure resistance across the cake.

If the cake is incompressible (i.e., it does not
change its volume as pressure builds up) the
pressure resistance increases proportionally
to the cake thickness.

However, since most cakes are compressible
the pressure across the cake typically
Increases even faster than the cake build-up.
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Cake Filtration (continued)

The cake is removed intermittently during
batch filtration processes. This is done by
taking the filter off line and manually or
automatically collecting the cake.

The ~cake iIs removed continuously iIn
continuous processes, for example by
scraping the cake with blades, as in rotating
filters.

Cake washing and drying operations can also
be incorporated in the operation of most
filters.
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Examples of Cake-Forming Filters

Filter presses

Belt filters

Vacuum filters:

- Rotary vacuum belt filters

- Rotary vacuum precoat filters

- Vacuum disk filters
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Example of a Filter Press

After Metcalf and Eddy, Wastewater Engineering, 1991, p. 869
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Cross Section of a Filter Press

After Freeman, Standard Handbook of Hazardous Waste Treatment and
Disposal, 1989, p. 7.9
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Example of a Belt Filter

After Freeman, Standard Handbook of Hazardous Waste Treatment and
Disposal, 1989, p. 7.10
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Schematic of a Belt Press Filter

After Vesilind, Treatment and Disposal of Wastewater Sludges, 1979, p.156.
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Example of a Rotary Vacuum Belt Filter

After Freeman, Standard Handbook of Hazardous Waste Treatment and
Disposal, 1989, p. 7.8
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Example of a Rotary Vacuum Precoat Filter

Precoat
Cake
Discharge
\ To Vacuum
| —n
Slurry

Knife
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Precoats and Filter Aids

A precoat is a layer of fine particulate material
(e.g., perlite) added on to the filter septum
before filtration to form a coating cake

During filtration the filtered solids in the slurry
may clog the filter and reduce the rate of
filtration.  This happens especially if the
resulting cake is very compressible

In such cases a filter aid made of fine particles
of a hard but porous material (such as perlite)
having good filtering properties is added to the
slurry to prevent and filtered with the slurry
solids
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Common Types of Precoats and Filter
Alds

Diatomaceous earth (diatomite)

A light siliceous material derived primarily
from sedimented diatoms (minute planktonic
unicellular or colonial algae with silicified
skeletons). Typical bulk density: 0.32 g/cm?

Perlite

A volcanic glass made of siliceous rock having
a concentric shelly structure. Typical bulk
density: 0.16 g/cm?
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Analysis of
Cake Filtration
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Analysis of Suspended Solids
Removal During Cake Filtration

As the suspension moves through the filter
medium (septum) the suspended solids are
stopped by the filter septum forming a filter cake
on top of the filter septum

As more solids suspension passes through the
filter the cake builds up providing most of the
filtering action for the incoming suspension

Equations can be written to describe the removal
of the particles in suspension by the filter (i.e.,
the formation of the cake) and the pressure drop
of the fluid as it passes through the cake
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Important Variables in Cake Filtration

Available pressure drop across cake, DP (Pa)

Area of filtration, A (m?)

Specific resistances of cake, a (m/kg)

Specific resistances of medium (septum), Ry, (1/m)
Fluid superficial velocity, ug (m/s)

Size of cake particles, D, (m)

Shape factor for particles, f

Type of solids in suspension

Cake void fraction, e (void volume/total bed volume)

Time, t (S)
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Important Variables in Cake Filtration
Cake thickness, L (m)

Concentration of solids in wastewater, X,, (g/L)

Residual concentration of solids in filtrate, Xg (g/L)
Mass fraction of solids in cake, X’ (g/9)

Cumulative volume of wastewater fed to filter, Vw (L)
Cumulative volume of filtrate generated, Vg (L)
Cumulative mass of wet cake, m¢ (g)

Mass of solids in the cake per volume of filtrate, Xs (g/L)
Density of wastewater, r, (g/L)

Density of filtrate, r¢ (g/L)
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Approach to Cake Filtration as a
Batch Process

Cake filtration is intrinsically a batch process.
Hence, it can be expected that as filtration
proceeds the cake will build up and the
pressure drop across the cake will increase.

Mathematical modeling of batch cake filtration
IS based on the determination of the rate of
formation of the cake and the calculation of
pressure drop at any given time.
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Approach to Cake Filtration as a
Batch Process (continued)

Integral quantities (such as the cumulative
volume of filtrate produced during a time
interval, or the mass of the cake generated
during the same interval) can be calculated by
Integration of the basic instantaneous mass
balances. In these equations the pressure
drop is typically a function of time.

Continuous filtration is often modeled as a
succession of batch processes carried out
over infinitesimally small time intervals.
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Mass Balance Around a Filter

For a filter operating in a batch mode the
following diagram can be drawn:

Filtrate
Wastewater
> —
Vy, X
W AW Ve Xe

me X' l (Wet) Cake
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Definition of Xs

Xs Is defined as the mass of (dry) solids in the
cake per volume of filtrate generated.

From this definition it is that:

_mass of solids in cake _ X_.'m,
volume of filtrate V.

X

S
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Relationship Between Solid
Concentrations Around a Filter

Mass balances around the filter give:
X, Viw = X.'m_ + XV, (solids)

r.Viw =m_ +r -V, (overall)
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Relationship Between Solid
Concentrations Around a Filter (cont.'d)

After an explicit expression for Vg has been
obtained it can be substituted in the equation
defining Xs to get:

X :X,erXF—rFXW
S C XW'rWXI

Cc

If the densities of the wastewater and the filtrate
are the same, then:

rw =Fe=r
X, =1 X, % 2E T Mw
X = T X'
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Relationship Between Solid
Concentrations Around a Filter (cont.'d)

Special case: A common situation is that in
which all the solids contained in the suspension
are removed by the filter and contribute to the
formation of the cake. In other words, the filtrate
does not contain any solids. In such acase it is:

X %0
and the expression for X5 becomes:
X, =1 X, "% A
r X,.'- Xy
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Relationship Between Solid
Concentrations Around a Filter (cont.'d)

Note that, in general, X is different from Xy
Only if:
r X.'>> X,
It would then be that:
Xy X

X %W @X
rX'-xW@r ‘ rX'@W

Cc

X, =1 X, '%

Cc
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Cumulative Mass Balance for the
Solids in the Cake

At a generic time t a cumulative mass balance for
the solids in the cake (i.e., the solids that have

contributed to the formation of the cake in the
time interval O-t) gives:

Vd

i solids accumulated in the cakei
: during time t g_

j solids removed from suspensioni
| L
f during time t g
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Cumulative Mass Balance for the
Solids in the Cake

The previous equation can be rewritten
symbolically, for a generic time t, as:

LA(1- e)r, + X, (eLA) = XV,

The first term represents the mass of solids in the
solid component of the cake at time t; the second
term is the amount of solids still in suspension in
the water contained in the cake; and the third
term is the amount of solids removed from the
filtrate (and now held in the cake).

Remark: L, e and Vg can all be functions of time.

PIERO M. ARMENANTE
NJIT



Cumulative Mass Balance for the

Solids in the Cake (continued)

The volume of water contained in the cake (eLA) is
typically much smaller than the volume of filtrate,
Ve, produced during the time interval O-t.
Furthermore, X and X,, are of the same order of
magnitude. Then, one can safely assume that:

XV, >> X, (eLA)

Hence, the cumulative mass balance for the
solids in the cake becomes:

LA(L1- e)r, @X,V;
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Cake Thickness, L, as a Function of

Volume of Liguid Passed Through
the Filter

The previously derived mass balance equation for
the solids in the cake:

LA(1- e)r =XV,
can be rewritten as:
— XSVF
-= A(L- e)r,

where L, e, and Vg can all be functions of time.
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Shape Factor of Particles in Cake

The particle shape factor, f,, is defined as:

_ Surface area of sphere having same volume as particle
Surface area of particle

f

P

l.e.,

6pD® V. 6V
f = 3Sph X = P
i stph Ap I:)sph'A‘p
where Dsph IS the diameter of a sphere having the
same volume as the particle.
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Relationship Between Dy, Dspn, and f

Since:
5 :6Vp
P
A,
and:
f = 1 X6Vp
P
Dsph Ap
then:
Dp:prsph
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Approximate Relationship Between
Dy, and Sieve Opening

The assumption is often made that:

D ph » Dp

S

where D_Io IS the average size of the particles
whose size is between two sieve openings

Bp = \/Dsl Dsz

and where Ds; and Ds, are the sieve openings.
Then:

Dp:prsph @prp
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Pressure Drop During Cake Filtration

Suspensionl

DP(t) ( L(t)

Filter Medium

Filtrate l
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Pressure Drop During Cake Filtration

At any time, t, the pressure drop experienced at
that time by a suspension passing through a filter
cake supported by a filter medium (or septum) is:

DP(t) = DP,(t) + DP,,

where:
DP(t) =total pressure drop across filter

DP.(t) = pressure drop due to filter cake
DP,, = pressure drop due to filter medium

Remark: during batch filtration the cake can be
expected to build up, and the pressure drop to
Increase as time passes.
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Pressure Drop Across Filter Cake

Since the liquid passing through the filter cake
moves in laminar flow (because of the small pores
of the cake and the slow fluid velocity) the Blake-
Kozeny equation can be used (instead of the more
general Ergun equation) to describe the
dependence of the pressure drop through the
cake with the superficial velocity, us:

o - 150 &1- e)°U L o
= e u ; i
c Re, & o3 4D, LYs  Blake-Kozeny equation

where DP. is the pressure drop through the cake,
and is, in general, a function of time.
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Pressure Drop Across Filter Cakes

Substituting the expression for Re in the Blake-
Kozeny equation gives:
1- ) UL

DP, =150 mé&—— —(— U,
g6 € gb;

As before, DP. Is typically a function of time, since
the cake thickness, L, the superficial velocity, us,
and the void fraction, e, can all change with time.
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Pressure Drop Across Filter Cakes
(Carman-Kozeny Eguation)

For filter cakes the constant 150 may not be
appropriate since the cake particles are
compressible.

Therefore the Blake-Kozeny equation is often
rewritten to produce to so-called Carman-Kozeny
equation:

Q1-e)'uL |
DP, =k, mé——; U2 U, Carman-Kozeny equation
e © b

where: k; = proportionality constant.
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Superficial Velocity in Cake Filtration

As before, the superficial (or approach) velocity is
defined as the velocity of the liquid as it flows
through a cross section equal to that of the tank
(or filter vessel) in the absence of the cake. It is
also equal to the filtrate flow rate, Qf, divided by
the total cross-sectional area normal to flow, i.e.:

4 _ Qe _ dv. 1
> A dt A
where:
A = cross sectional area or empty filter vessel

Ve = volume of filtrate passed through the cake
during time t
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Equation for Pressure Drop
In the Cake

Combining together the equations:

1- UL
Dp_kme( 3e) o = Qe oVl
8 € gD A dt A
X.V
. L: s " F
and: A(l- e)
the following expression for DP. is found:
Ik%-@} 1 x.v.odv,

e = TS (1 e)Dme A? dt
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Equation for Pressure Drop
In the Cake

The previous equation can be re-arranged to give
the final equation for the pressure drop in the
cake:

X Ve dV,

A®  dt
where a = specific cake resistance to filtration, is
given by:

DP. =am

_k; 1-e
a = D2 3
r<«b, €

DPc, L, a, and Vg can all be functions of time.
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Equation for Pressure Drop
in Filter Medium (Septum)

The pressure drop across the filter medium
(septum) can also be expressed using the
Carman-Kozeny equation that can be rewritten as:

DP.. =K, mﬂ(1 em) >— U,
g S HD

where the subscript “m” refers to the medium and
the superficial velocity is given by:

. Q. _dv. 1
> A dt A
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Equation for Pressure Drop In Filter
Medium (continued)

The resulting expression of the pressure drop in
the medium is:

DP_ :mRmidvF
A dt
where:
é(l— em)Z‘:J L,
R, =Kk, ——"—U—
A 4D
g & gYm

with R, = specific resistance of medium to
filtration
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Equation for Total Pressure Drop
During Cake Filtration

Recalling that the total pressure drop in a filter is:
DP(t) = DP,_(t) + DP,,

itis:
é X V. (t) 1udV,
DP(t) =@ (t)m———+mR,_———
()= @) m=e, 2+ R, g
Since by definition it is: Qg(t) = dVg/dt, then:
dV A? DP(t)

;- m[a t) X, Ve (t) +AR,,|

This is the main design equation for cake filters.
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Specific Cake Resistance and
Cake Compressibility

From the expression for a:
k, 1-e

2 3
rsD; e

a =

one can incorrectly assume that the pressure
across the cake has no impact on specific cake
resistance. In fact, the void fraction e for most
cakes can be significantly affected by pressure,
since the cake is often compressible. Since the
pressure drop changes with time the void fraction
e can also be a function of time, at least in
principle.
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Specific Cake Resistance and
Cake Compressibility

In practice, it Is convenient to carry out
experiments to determine:

the specific cake resistance under no pressure
difference (no compression). Cake is built up
by gravity filtering;

the effect of pressure difference across the
cake on the specific cake resistance. Cake is
built up first and then compressed to a know
pressure with a piston provided with a porous
bottom. Filtrate is passed trough the cake.
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Specific Cake Resistance and

Cake Compressibility

‘ Suspension

&Suspension

Piston

e

Cake
! Filtrate

——

Buildup
FiItrate!

Compressed
Cake

Cake

Filtrate

'
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Specific Cake Resistance and
Cake Compressibility (continued

Possible results of cake compression experiment:
cake is incompressible. Cake resistance, a is
iIndependent of DP;

cake Is compressible. Cake resistance is
expressed as:

a =a_(DP)’
with: ag = empirical constant

s = coefficient of compressibility (typical
range for most domestic sludges: 0.4-
0.9; lime sludges: 1.05; sand: 0).
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Specific Cake Resistance

Typical values of the specific cake resistance, a,
are in the following ranges:

10"-10" m/kg for raw sludges;

10"-10" m/kg for well conditioned sludges.
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Typical Specific Cake Resistance
with Chemical Conditioning

1E+014 ¢

1E+013

(m/kg)

1E+012 ¢

1E+011

Specific Cake Resistance, a

1E+010 - b
0 0.5 1 1.5 2 25

Chemical Conditioner (%)

After Vesilind, Treatment and Disposal of Wastewater Sludges, 1979, p.156.
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Compressibility of Sludges as Measured
by the Specific Resistance Test

1E+012

(m/kg)

1E+011

Specific Cake Resistance, a

/

1 10 100
Vacuum Pressure (kPa)

1E+010

After Vesilind, Treatment and Disposal of Wastewater Sludges, 1979, p.156.
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Batch Filtration Operations

Batch cake filtration is typically carried out under
one of the following conditions:

Constant filtrate flow rate. Since the pressure

drop across the filter increases as a result of
cake buildup this condition implies that the
upstream pressure must be increased with
time.

Constant pressure drop across the filter. This
condition implies that the filtrate flow rate
declines as the cake builds up.

Variable flow rate and variable pressure drop.
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Batch Cake Filtration at
Constant Filtrate Flow Rate

In some cases cake filtration is carried out using
a positive displacement pump. This results in a
constant flow rate process. Then:

Qr = constant
Recalling the design equation for cake filters it is:
dv. A’ DP(t)
THR ma (t) X, V. (t) +AR,,|
Important: although Qf = dVg/dt is a constant, Vg

(the total filtrate at time t) is not. In fact, it is:
dV. =Qdt b Vo =Q:t
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Batch Cake Filtration at
Constant Filtrate Flow Rate (cont' d)

Assuming that the cake is not compressible (i.e.,
a Is independent of DP) the pressure buildup

while operating at constant filtrate flow rate (i.e.,
constant Qg) is given by:

a X Vc\t)+AR_
op()= XU AR,
l.e., recalling that Vg = Qg-t:

X, Q7 R
DP(t) = maAZS g XQF (for Q; = constant]
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Applications of Batch Cake Filtration
at Constant Filtrate Flow Rate

Batch cake filtration at constant filtrate flow
rate is used primarily in sludge dewatering;

The type of filters that utilizes filtration method
IS the filter press;

Positive displacement pumps are used to force
the suspension through the filter,;

Gauge pressures up to 225 psi (15 atm) are
used.
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Batch Cake Filtration at Constant DP

If the pressure across the filter is constant the
general filtration equation:

dV - A? DP(t)
=Q:(1) m[a t) X, Ve (t) +AR,,|

becomes:
dV, A’ DP

m

Note that the coefficient a iIs constant (but not
necessarily equal to a,) even if the cake is
compressible, since DP = constant.
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Batch Cake Filtration at
Constant DP (continued)

Since DP = constant, the previous equation can be
Integrated by separating variables:

"“ma XV, +AR,) .
N Dp dV: = th
0

o O O

Integration of this equation yields:

ma X,

2 rTRm —
2AZDP F (t)+ADPVF(t)_t

(for DP = constant)
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Batch Cake Filtration at
Constant DP (continued)

The previous equation can be rewritten as:

hVZ2(t) +gVe(t) =t
where DP is constant, and the parameters h and g
are given by the equations:

ma 2, and - TR,
T 2A’DP 9= ADP
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Batch Cake Filtration at Constant DP:

Determination of Filtration Parameters

The determination of h and g from batch
experiments conducted at constant DP can be
made by rearranging the equation:

ma X, 2()errRm
2A°DP T A DP

t  ma X, TR,

as. V.(t) ~ 2A? DPVF(t) " ADP
ma X . MR
—— and intercept=g = ——
2A° DP ADP

and t/Vg = y-coordinate and Vg = x-coordinate

V_(t) =t

with: slope =h =
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Determination of the Specific Cake Resistance
Through Batch Filtration Experiments at

Constant DP: Buchner Funnel Apparatus

Buchner Filter

Vacuum Gauge
@ N & . > To Vacuum

Graduated Cylinder

L ]
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Determination of the Specific Cake Resistance
Through Batch Filtration Experiments at

Constant DP: Filter Leaf Apparatus

To Vacuum
q

Vacuum
Gauge

Graduated
Cylinder

~_Filter
Leaf

|
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Example of Experimental
Determination of Filtration Constants

25,000
Slope = 2.85378E+006 s/ms
20,000
£ 15,000 |
) :
ZLL 10,000 B Experimental
— B Regression
5,000 \ Intercept = 6840.95 s/m3
0 L | ‘ | ‘ | ‘ | ‘ |

O 0.001 0.002 0.003 0.004 0.005 0.006

Cumulative Filtrate Volume, VE (m3)
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Batch Cake Filtration at Constant DP:
Approximate Equations

If the resistance of the filter medium, R, Iis very
small in comparison to the cake resistance, a, the
batch filtration equation can be rewritten as:

ma X, 2 A’ DP t
t @ V. (t t = |—
C2A2 DP UR F()@\/maXF h
l.e.:
dv. 1 [2A°DP 1 |1
{) = F = — |—
Q:(t) dt @5\/ma Xt 2\ht

Note that Qg(t)® O for t® ¥.
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Batch Cake Filtration at Constant DP:

Plot of Approximate Expression

for VE@

Cumulative Filtrate
Volume, Vg
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Applications of Batch Cake Filtration
at Constant DP

Batch cake filtration at constant DP is used
primarily in sludge dewatering;

The types of filters using this filtration method
Include:

- Filter presses
- Belt filter presses
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Continuous Cake Filtration at
Constant DP: Rotary Vacuum Filters
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Continuous Cake Filtration at
Constant DP: Rotary Vacuum Filter

Cake

Cake
Dewatering

Cake
Dischargé¢
p
— Cake
Formation

Solids

%

Blade

Suspension
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Continuous Cake Filtration at
Constant DP: Rotary Vacuum Filters

In continuous filtration operations, such as
those involving vacuum rotary filters, each
filter element wundergoes a batch cake
filtration, followed by a cake dewatering phase,
and a cake discharge phase with each rotation.

The filter cake is formed under a constant DP
driving force generated by a vacuum.

The filter cake is formed only during the time
period when the filter surface is immersed in
the suspension.
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Continuous Cake Filtration at
Constant DP: Cycle Time

The immersion period in each cycle (i.e., for each
full rotation of the filter drum) is given by:

t:fktC:szp: q 2p:q
W 2pw W
where: t. =cycle time (time for one full rotation)

fk = fraction of cycle time available for cake
formation = fraction submergence of drum
surface

g= angle comprising the sector immersed in
suspension (rad)

w= rotational (angular) velocity (rad/s)
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Continuous Cake Filtration at

Constant DP: Filtration Equation

During the time period t = f¢ t; the filter cake in a
rotary filter is formed just as in a batch operation.
The (batch) filtration equation for part of the
continuous process is:

ma X, ., "R,
2A2 DPVF (t)+

since DP is constant.
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Continuous Cake Filtration at
Constant DP: Filtrate Generated
During a Cycle

The previous quadratic expression is an equation
In Vg that can be solved for Vg and rearranged to
give:

é y
V. (1) = A éRm+\/Ré+2fktcaXS DPljl
e m 0
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Continuous Cake Filtration at
Constant DP: Filtrate Flux

The previous equation can be rearranged to give:

Filtrate flux = & =
A

_ Ve _
At,

(o} (P) M-~

R |R2 2f aX_ DPU
+ > + u
tC tC th Q
which predicts the filtrate flux, i.e., the amount of
filtrate Vg produced per unit filter area during a
cycle (or full rotation) lasting a time interval t..

Qr = average filtrate flow rate during the interval t.

1
a X,
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Continuous Cake Filtration at
Constant DP: Filter Loading

This equation can be rewritten to give the amount
of filter solids loading, Gk, produced during the
same cycle:

V.X, 1€ R [R? 2f aX_ DPU
G, = & M+ |+ S (
At, ag t t’ mt, g
where:

Gk = filter solids loading (kg/m2 s) = amount of
solids filtered per unit filter area over a time
interval t..
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Continuous Cake Filtration at
Constant DP: Continuous Operation

Since a continuous process is nothing more than
a sequence of cycles, each one lasting t¢, then:

é 2 u
Filtrate flux:&:ié B Rg’ 2heaXs DPl]
A aX gt t mt :
s@ ‘c c c d

The equation:
VX, 1€ R, +\/er, . 2f,ax, DPU

k 5 u
At_ a@ t, t mt g

> P

C C

can be used to describe the continuous operation
of arotary (vacuum) filter.
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Continuous Cake Filtration at

Constant DP: Rotational Velocity

If the angular velocity is expressed in rpm, i.e.:
N = 60&
2p
then the cycle time and the rotational (angular)

velocities (in rad/s or rpm) are related by:
L 2P _60
“ w N
where: w = rotational (angular) velocity in rad/s
tc = cycle time (to complete a rotation) in seconds

N = rotational (angular) velocity in rpm (rotations
per minute).

PIERO M. ARMENANTE
NJIT



Continuous Cake Filtration at

Constant DP: Continuous Filtrate Flux

The continuous filtrate flux can be conveniently
expressed in terms of the agitation velocity:

e 2 2 u
Filtrate flux = Qe _ 1 e R W, [Ro W2 fowa X, DP@
aX,g 2p (2p) mp 4
e BNE u
Filtrate flux = Qe = L =} Ry N + R, N2 + 2t Na X, DP u
a X, g 60 (60) 60 m H

where: t. = cycle time (to complete a rotation), in s
N = rotational (angular) velocity in rpm (rotations
per minute).
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Continuous Cake Filtration at

Constant DP: Simplified Equations

If the resistance of the filter medium, R, Iis very
small then the equations for continuous filtration
can be simplified and rewritten as:

Filtrate flux = ¢ = Ve @ |-2% DP
A At ma X t_
Ve X, - [2f X, DP
G, = Ve Xs @ [2hXs
At @\/ mat,

These equations are especially useful to
understand the relationships between the various
variables affecting a continuous filtration process.
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Continuous Cake Filtration at
Constant DP: Simplified Equations

If the resistance of the filter medium, R, IS very
small the equations for continuous filtration can be
expressed as a function of the rotational velocity as:

Filtrate flux = Qe = Ve @ f DPw @
A At P ma X,
2f_ DP N
@\/60 ma X,

where: t. = cycle time (to complete a rotation) in s
N = rotational (angular) velocity in rpm (rotations
per minute).
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Applications of Continuous Cake

Filtration at Constant DP

Continuous cake filtration at constant DP is the
most widely used method of sludge
dewatering;

The types of filters using this filtration method
include:

Rotary vacuum belt filter
Rotary vacuum precoat filters
Rotary vacuum drum filters

Rotary vacuum disc filters
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Comparison of Different Types of Filters

Rotary Belt Filter Filter Granular
Drum Belt Presses Presses Deep-Bed
Filters Filters
Size 1-70 m2 1-2 m belt | 0.02-16 ms3 0.2-10 mz2
width
Solids in 2-5 2-8 -- --
Feed (%)
Solids in 15-20 15-25 28-40
Cake (%)
Solids 10 kg/m2 h 190-270 -- 0.12-0.5
Loading kg/m h m3/mz2 min

After Freeman, Standard Handbook of Hazardous Waste Treatment and
Disposal, 1989, p. 7.12
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Design Information for Pressure
Cake Filters

Cycle time: of the order of hours
Solids loading: 0.2-2 |b/ft:h
Solids in cake: up to 50%

Remark: although solids loading in pressure
filters (e.q., filter presses) is typically smaller than
that of vacuum filters the percentage of solids Iin
the cake is typically higher. This is the result of
the higher pressure that can be used in the
operation of pressure filters (as opposed to a
maximum of 1 atm in vacuum filters).
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Design Information for Rotary Vacuum Filters

Diameter: up to 5 m

Length: upto 6 m

Vacuum levels: typically 20 in. Hg (68 kPa)
Submergence: 15-25% of drum area

Primary Waste-activated
Sludges sludges
Solids loading  20-60 kg/m*-h 5-20 kg/m*-h
(4-12 Ib/ft*-h) (1-4 1b/ft*-h)
Solids in cake 25-40% 10-15%

(typically 20-25%)

After Sundstrom and Klei, Wastewater Treatment, 1979, p. 234.
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Operation of Rotary Vacuum Filters

Solids loading increases with increasing drum
submergence, drum rotational speed, pressure
difference across cake, solids concentration in
feed.

Percentage of solids in cake decreases with
Increasing drum submergence, and drum
rotational speed.

Rotary vacuum filters can be used to dewater
sludges from activated sludge plants
(biological sludges), chemical sludges, and
sludges from precipitation operations.
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Additional Information and Examples
on Cake Filtration

Additional information and examples on can be found in
the following references:.

Sundstrom, D. W. and Klei, H. E., 1979, Wastewater
Treatment, Prentice Hall, Englewood Cliffs, NJ, p.
229-234.

Geankoplis, C. J., Transport Processes and Unit
Operations, 3rd Edition, 1993, Allyn and Bacon,
Boston, pp. 800-815.

Freeman, H. M. (ed.), 1989, Standard Handbook of
Hazardous Waste Treatment and Disposal, McGraw-
Hill, New York, pp. 7.3-7.19.
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Additional Information and Examples

on Cake Filtration

Haas, C. N. and Vamos, R. J., 1995, Hazardous and
Industrial Waste Treatment, Prentice Hall, Englewood
Cliffs, NJ, pp. 75-78.

Wentz, C. W., 1995, Hazardous Waste Management,
Second Edition, McGraw-Hill, New York. pp. 196-200.

Vesilind, P. A., 1979, Treatment and Disposal of
Wastewater Sludges, Ann Arbor Science, Ann Arbor,

MI, pp. 140-161.
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