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Filtration - by driving force
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Filter types - batch
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Filter types - continuous

Belt filter Drum filter
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Cake filtration

A'Dtotal = A'Dfilter + APcake
Applying Darcy’s law:
AP=(R+R_.)(u/A)dV/dt

where h cake, mg

R; filter resistance

{ slurry

and R.=h/«. cake resistance

’ J
fitrate V
(x. cake permeability) ol




a = AR./m, ... specific cake resistance

x=m.,/V ..dry cake mass per filtrate volume

General filtration equation:
dt/dV = paxV/A2AP + uR/AAP

Solution for:
- constant pressure AP
- constant flowrate dV/dt

Constant pressure (AP = const.)

by integrating the filtration equation:
[Lax [ (2A2AP)] V2 + [UR/(AAP)] V-t =0

t/V vs. Vis a straight line = useful for data analysis

mass balance = cake depth as function of filtrate V:
he = XV/[Ap(1-2)]

moisture ratio: ¢ = mass of wet cake / mass of dry cake
¢=1+ (p/ps) e/(1-¢)




Constant rate (dV/dt = const.)
from the general filtration equation:
AP = (uax/A?)(dV/dt) V + (UR/A) dV/dt
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Compressible cake:

R.= h/k.= am/A = a=[x.(1-¢) ps]?
Cake porosity ¢ is not constant in this case.

Correlations for average cake porosity:

o' = oy (1-n) (AP)" n...compressibility coefficient
calcite: n=0.2
kaolin: n=0.6

Dry cake mass per filtrate volume also isn’t constant.

from mass balance: x = [(1-wg)/wep, - ¢/(1-&)p]?t




Filtration cycle

filtration
cake washing

cake removal
filter cleaning

cake deliquering (drainage)

Objective:maximize total throughput

single cycle (1t + ty + 1o + TR + T¢)

= batch scheduling

Cake washing

-wash volume
-V=ehA=(my/p;) &/(1-¢)
Drainage

-Capillary pressure
Peap=2 © COSO/Fpore

-Bond number

Bo = pgdpere’/o
(gravity/surface tension)
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Filtration process applicability

100 7_ _ :“FL!ECOK -
e w POLCTHER
ik - e
1 Mi[limeterqw—é g 4 il
100 fé i} g = [HUMAN HAIR
9 Infrared bt COAL YEAST CELLS L POLLEN
10 o g pusT 1 BACTERIA ReDBL00D
(%] g MILLED PAINT REng 1 —
1 Micron po= é == T —:!: E g :;::200 WoE | (P[GMENT e MICROFILTRATION
T 5 'g IDAL -
1uo 9‘ I:""f""" %m £l Taros E:amn ALBUMIN 5
10 é %m = g { LACK  |PROTEIN ULTRAFILTRATION
5 - PYROGEN
1 Nanometer'—=1] Xerays g w SEMS AQuEoUS L T
100 T METAL IONS REVERSE
1 Angstrom 7 H OsMosI3
— = ATOMS
PARTICLE SIZE |fiaa i | PARTICLE COMMON SEPARATION
LOG SCALE  |SpecTRUM RANGE MATERIALS PROCESS

© Ullmann’s encyclopedia of industrial chemistry

Centrifugation

Similar analysis as filtration, but...

Force on volume element of mass m: F=ma
a...acceleration a=ra?

o...angular velocity [rad s1]

Modern ultracentrifuges: up to 600,000 g
up to 70,000 rpm

pressure drop:
AP = p a*(ry?-r?)/2




