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0. INTRODUCTION

"Process Design of Separators" are broad and contain various subjects of paramount importance. Therefore, a group of
process engineering standards are prepared to cover the subject of mechanical separators. This group includes the fol-
lowing standards:

STANDARD CODE STANDARD TITLE
IPS-E-PR-880 "Process Design of Gas (Vapor) -Liquid Separators"
IPS-E-PR-895 "Process Design of Solid-Liquid Separators"

This Engineering Standard Specification covers:

"PROCESS DESIGN OF SOLID-LIQUID SEPERATORS"
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1. SCOPE
This Engineering Standard Specification, covers minimum requirements for the process design (including critera for

type selection) of solid-liquid separators used in the production of the oil and/or gas, refineries and other gas processing
and petrochemical plants.

Typical sizing calculation together with introduction for proper selection is also given for guidance.

2. REFERENCES
Throughout this Standard the following standards and codes are referred to. The editions of these standards and codes
that are in effect at the time of publication of this Standard shall, to the extent specified herein, form a part of this Stan-

dard. The applicability of changes in standards and codes that occur after the data of this Standard shall be mutually
agreed upon by the Company and the Vendor/Consultant.

IPS (IRANIAN PETROLEUM STANDARDS)

IPS-E-PR-310 "Process Design of Water Systems"
IPS-E-PR-880 "Process Design of Gas (Vapor) -Liquid Separators"

CHRISTOPHER DICHENSON

"Fielters and Filtration Handbook", 3rd. Ed., 1992, Elsevier Advanced Technology

3. DEFINITIONS AND TERMINOLOGY

The following is a glossary of terms used in the solid-liquid separation technology.

3.1 Critical Diameter

"Critical diameter" is the diameter of particles larger than which will be eliminated in a sedimentation centrifuge.

3.2 Filter

A Filter is a piece of unit operation equipment by which filtration is performed.

3.3 Filter Medium

The "filter medium" or "septum" is the barrier that lets the liquid pass while retaining most of the solids; it may be a
screen, cloth, paper, or bed of solids.

3.4 Filtrate

The liquid that passes through the filter medium is called the filtrate.

3.5 Mesh

The "mesh count”" (usually called "mesh"), is effectively the number of openings of a woven wire filter per 25 mm,
measured linearly from the center of one wire to another 25 mm from it. i.e.,:

Mesh = 25/(w+d) (Eq. 1)

(see Clause 4 for Symbols and Abbreviations).
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3.6 Open Area
Open area is defined as a percentage of the whole area of a woven wire filter, is shown by (F ) and can by calculated
from the equation:

2

F =
°  (wtd)

x 100 (Eq. 2)
(see Clause 4 for Symbols and Abbreviations).

3.7 Overflow

The stream being discharged out of the top of a hydrocyclone, through a protruding pipe, is called "overflow". This
stream consists of bulk of feed liquid together with the very fine solids.

3.8 Septum

See 3.3.

3.9 Underflow

The stream containing the remaining liquid and the coarser solids, which is discharged through a circular opening at the
apex of the core of a hydrocyclone is referred to as "underflow".

4. SYMBOLS AND ABBREVIATIONS

The following is a list of symbols and abbreviations of parameters used in this Standard and their units of measurement.
AlSI American Iron & Steel Institute.

BG Standard Birmingham Gage for sheet and hoop metal.

BSWG British Standard Wire Gage.

d Wire diameter, in (mm).

ds, The particle diameter for which a hydrocyclone is 50 percent efficient, in (um).
dp Size of particles separated in a hydrocyclone, (in pm).

D, Diameter of hydrocyclone chamber, in (m).

Dp c Critical diameter of particles in centrifuge, in (m).

E g Equation.

E, Filter efficiency for particles with x micrometer diameter size.

gor G Local acceleration due to gravity, in (m/s?).

HEPA High Efficiency Particulate Air (Filter).

L Hydrocyclone feed rate , in (L/min.).

N Number of particles per unit volume in upstream or downstream of filter.

OGP 0il, Gas and Petrochemical.
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P Liquid, feed pressure for a hydrocyclone, in (kPa).
PVC Polyvinyl Chloride.
PTFE  Polytetraflouroethylene.

Velumetric flow rate of liquid through the bowl of a sedimentation centrifuge, in percent (%).

c
r Radial distance from centre, (in centrifuge), in (m).

s Thickness of liquid layer in a centrifuge, in (m).

Vg Terminal settling velocity of a particle in gravitational field, in (m/s).
v Volume of the liquid held in the bowl of a centrifuge, in (m?).

w Width of woven wire opening, in (mm).

X Particle size, in (um).

GREEK LETTERS

pP(beta) Beta rating or Beta ratio of filter, (dimensionless).

o (rho) Liquid phase density, in (kg/m?).

Pp (rho) Density of particle, in (kg/m?).

H(mu) Dynamic viscosity of continuous phase, in [cP=(mPa.s)].

@(omega) Angular velocity, in radian/s, (rad/s).

n(eta) Efficiency of hydrocyclone in separating particles of diametr dp, in percent(%).

2(sigma) Theoretical capacity factor of a sedimentation centrifuge, in (m?).

5. UNITS

This Standard is based on International System of Units, (SI) except where otherwise specified.

6. GENERAL

In this Standard, process aspects of three types of most frequently used solid-liquid separators are discussed more or less
in details. These three types are:

- Filters.
- Centrifuges.
- Hydrocyclones.

Another frequently used type, i.e., gravity settlers, (e.g., clarifiers), is mentioned in brief, since this type is discussed in
details in IPS-E-PR-310 "Process Design of Water Systems". Types of mechanical separators are generally shown in
Fig. F.1 of IPS-E-PR-880, "Process Design of Gas (Vapor) - Liquid Separators".

6.1 Solid-Liquid Separator Types

Solid-Liquid separator types often used in OGP Processes which are discussed in this Standard are:



I 5 IPS-E-PR-895

- Filters.

- Centrifuges.

- Hydrocyclones.
- Gravity Settlers.

6.2 Separation Principles

Solid-Liquid separation processes are generally based on either one or a combination of "Gravity Settling", "Filtration "
and "Centrifugation", principles.

The principles of these kinds of mechanical separation techniques are briefly described in the following clauses. Note
that as a general rule, mechanical separations occurs only when the phases are immiscible and/or have different densi-
ties.

6.2.1 Mechanical separation by gravity

Solid particles will settle out of a liquid phase if the gravitational force acting on the droplet or particle is greater than
the drag force of the fluid flowing around the particle (sedimentation). The same phenomenon happens for a liquid drop-
let in a gas phase and immiscible sphere of a liquid immersed in another liquid.

Rising of a light bubble of liquid or gas in a liquid phase also follows the same rules, i.e., results from the action of
gravitational force (floatation).

Stoke’s law applies to the free settling of solid particles in liquid phase.

6.2.2 Mechanical separation by momentum

Fluid phases with different densities will have different momentum. If a two phase stream changes direction sharply,
greater momentum will not allow the particles of heavier phase to turn as rapidly as the lighter fluid, so separation oc-
curs. Momentum is usually employed for bulk separation of the two phases in a stream. Separation by centrifugal action
is the most frequently technique used in this field.

6.2.3 Mechanical separation by filtration

Filtration is the separation of a fluid-solid mixture involving passage of most of the fluid through a porous barrier which
retains most of the solid particulates contained in the mixture.

Filtration processes can be divided into three broad categories, cake filtration, depth filtration, and surface filtration.

6.2.3.1 Patterns of filtration process

Regarding the flow characteristic of filtration, this process can be carried out in the three following forms:

a) Constant-Pressure filtration. The actuating mechanism is compressed gas maintained at constant pressure.
b) Constant-Rate filtration. Positive displacement pumps of various types are employed.
c) Variable-Pressure, variable rate filtration. The use of a centrifugal pump results in this pattern.

7. LIQUID FILTERS

7.1 General

Filtration is the separation of particles of solids from fluids (liquid or gas) by use of a porous medium. This Standard
Practice deals only with separation of solids from liquid, i.e., "Liquid Filtration".
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7.1.1 Mechanisms of filtration

Three main mechanisms of filtration are cake filtration, depth filtration and surface filtration. In cake filtration, solids
form a filter cake on the surface of the filter medium. In depth filtration, solids are trapped within the medium using
either, cartridges or granular media such as sand or anthracite coal. Surface filtration, also called surface straining,
works largely by direct interception. Particles larger than the pore size of the medium are stopped at the upstream sur-
face of the filter.

7.1.2 Types of liquid filters

Considering the flow characteristics,as mentioned in Clause 6.2.3.1, three types of filtration processes exist, constant
pressure, constant rate and variable pressure-variable rate. Regarding the manner of operation, filtration may be continu-
ous or batch.

Filter presses and vacuum drum filters are well known examples for batch and continuous filters respectively.
Most commonly used types of liquid filters may be named as follows:

- Strainers.

- Screens.

- Cartridge Filters.

- Candle Filters.

- Sintered Filters.

- Precoat Filters.

- Filter Presses.

- Rotary Drum Filters.
- Rotary Disk Filters.
- Belt Filters.

- Leaf Filters

- Tipping Pan Filters.

7.1.3 Filter media

There are many different types of filter media available and all have an important role in filtration.

The range includes: paper, natural and synthetic fibres, powders, felt, plastic sheet and film, ceramic, carbon, cotton
yarn, cloth, woven wire, woven fabric, organic and inorganic membranes, perforated metal, sintered metals and many
other materials. These may be generally divided into four groups, General media, Membrane type media, Woven wire,
and Expanded sheet media.

7.1.3.1 General types of media

Papers, with good capability of removing finer particles and limited mechanical strength as main advantage and disad-
vantage, filter sheets, natural fabrics, syntethic fabrics either monofilament or multifilament felts, needle felts, bounded
media, wool resin electrostatic media, mineral wools, diatomaceous earth, perlit, silica hydrogels, glass fibre, charcoal
cloth, carbon fibre, antracite and ceramic media are some types of filter media in this group. Applications of filter cloths
including some advantages and disadvantages of this type of media are shown in Table 1.
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TABLE 1 - APPLICATIONS OF FILTER CLOTHS

Material Suitable for: Maximum | Principal advantage(s) | Principal disadvantage(s)
service
temp.°C
Cotton Aqueous solutions, oils, fats, waxes cold acids 90 Inexpensive. Subject to attack by mildew and
and volatile organic acids. fungi.
Jute wool Aqueous solutions. 85 Easy to seal joints in filter High shrinkage, subject to moth
Aqueous solutions and dilute acids. 80 presses. attack in store.
Nylon Acids, petrochemicals, organic solvents, alkaline 150 High strength or flexibility. Absorbs water; not suitable for
suspensions. Easy cake discharge. Long life. | alkalis.
Polyester Acids, common organic solvents, oxidising 100 Good strength and flexibility, Not suitable for alkalis.
(Terylene) agents. Initial shrinkage.
PVC Acids and alkalis. up to 90 May become brittle.
Heat resistance poor.
PTFE Virtually all chemicals. 200 Extreme chemical resistance. High cost.
Excellent cake discharge.
Polyethylene Acids and alkalis. 70 Easy cake discharge. Soften at moderate temperatures.
Polypropylene | Acids, alkalis, solvents (except aromaties and 130 Low moisture absorption.
chlorinated hydrocarbons).
Dynes Acids, alkalis, solvents, petrochemicals. 110
Orlon Acids (including curomic acid), petrochemicals. over 150
Vinyon Acids, alkalis, solvents, petroleum products. 110
Glassfibre Concentrated hot acids, chemical solutions. 250 Suitable for a wide range of Lacks fatigue strength for flexing.
chemical solutions, hot or cold | Abrasive resistance poor.
(except alkalis).

7.1.3.2 Membrane filters

Particles with diameters from smaller than 0.001 um upto 1 pm can be filtered by Microfiltration, Ultrafiltration, Re-
verse Osmosis, Dialysis, Electrodialysis processes using Porous, Microporous and Non-porous membranes.

Membranes may be made from polymers, ceramic and metals. Typical specification for metal membranes are shown in

Table A.1 of Appendix A.

7.1.3.3 Woven wire

Woven wire cloth is widely used for filtration and is available in an extremely wide range of materials and mesh sizes.

It can be woven from virtually any metal ductile enough to be drawn into wire form, preferred materials being phosphor
bronze, stainless steel of the nickel/chrome type-AISI 304, 316 and 316L and monel.

Woven wire cloth is described nominally by a mesh number and wire size, i.e., N mesh M mm (or swg). Mesh numbers
may range from 2 (2 wires per 25.4 mm or 1 inch) up to 400. Fine mesh with more than 100 wires per lineal 25.4 mm
(inch) is called gauze. Woven wires may also be described by aperture opening, e.g.,:

- coarse-aperture opening 1 to 12 mm;
- medium-aperture opening 0.18 to 0.95 mm (180 to 950 m);
- fine-aperture opening 0.020 to 0.160 mm (20 to 160 m).

Characteristics of different weaves for woven wire cloths and wire cloth specification are shown in Tables A.2 and A.3
of Appendix A respectively.

7.1.3.4 Expanded sheet and non-woven metal mesh

Perforated metal sheets, Drilled plates, Milled plates and Expanded metal mesh are examples of this type of filter media.
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Most of the strainers, air and gas filters, etc., are usually made using the type of filters media. Predictable and consistent
performance is the main characteristic of it which results from the controllability of the size of screen opening by the
manufacturer. Some useful data for Perforated plates are shown in Tables A.4 and A.5 of Appendix A.

7.1.4 Filter rating

Filters are rated on their ability to remove particles of a specific size from a fluid, but the problem is that a variety of
very different methods are applied to specifying performances in this way. Quantitative figures are only valid for spe-
cific operating or test conditions.

7.1.41 Absolute rating

The absolute rating, or cut-off point of a filter refers to the diameter of the largest particle, normally expressed in mi-
crometers (um), which will pass through the filter. It therefore represents the pore opening size of the filter medium.
Filter media with an exact and consistent pore size or opening thus, theoretically at least, have an exact absolute rating.

Certain types of filter media, such as papers, felts and cloths, have a variable pore size and thus no absolute rating at all.
The effective cut-off is largely determined by the random arrangement involved and the depth of the filter. Performance
may then be described in terms of nominal cut-off or nominal rating.

7.1.4.2 Nominal rating

A nominal filter rating is an abritrary value determined by the filter manufacturer and expressed in terms of percentage
retention by mass of a specified contaminant (usually glass beads) of given size. It also represents a nominal efficiency
figure, or more correctly, a degree of filtration.

7.1.4.3 Mean filter rating

A mean filter rating is a measurement of the mean pore size of a filter element. It establishes the particle size above
which the filter starts to be effective.

7.1.4.4 Beta (B) ratio

The Beta ratio is a rating system introduced with the object of giving both filter manufacturer and user an accurate and
representative comparison amongst filter media. It is determined by a Multi-Pass test which establishes the ratio of the
number of upstream particles larger than a specific size to the number of down-stream particles larger than a specified
size, i.e.,

N
B = TZ (Eq. 3)
Where:
B. is beta rating (or beta ratio) for contaminants larger than x pum;
N, is number of particles larger than x pm per unit of volume upstream;
N, is number of particles larger than the x um per unit of volume downstream.

7.1.4.5 Filter efficiency for a given particle size
Efficiency for a given particle size (E,) can be derived directly from the ratio by the following equation:

-1
E = LN 100 (Eq. 4)

10
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Where:
E, is filter efficiency for particles with x micrometer diameter size;
B (beta) is rating or B ratio of filter, (dimentionless);
X is particle size, in (m).
TABLE 2 - FILTER RATING
Stabilised downstream count
x um where filter is
B Value at Cumulative challenged upstream with
X um efficiency % 1,000,000 particles
B;. particles x pym X um
1.0 0 1,000,000
1.5 33 670,000
2.0 50 500,000
10 90 100,000
20 95 50,000
50 98.0 20,000
75 98.7 13,000
100 99.0 10,000
200 99.5 5000
1000 99.90 1000
10,000 99.99 100
Example:

If a filter has a 35 rating of 100, this would mean that the filter is capable of removing 99% of all particles of greater size than
5 pm.

7.1.4.6 Filter efficiency (separation efficiency)

As noted previously the nominal rating is expressed in terms of an efficiency figure. Efficiency usually expressed as a
percentage can also be derived directly from the Beta ratio as this is consistent with the basic definition of filter effi-
ciency which is:

Number of emergent particles

I- — p x 100 (%)
Number of incident particles

(Eq. 5)

7.1.4.7 Filter permeability
Permeability is the reciprocal expression of the resistance to flow offered by a filter. It is normally expressed in terms of

a permeability coefficient, but in practice, permeability of a filter is usually expressesd by curves showing pressure drop
against flow rate.

7.2 Filter Selection

7.2.1 Factors to be cosnidered in filter selection

Three major factors which should be considered in filter selection are performance, capital and operating costs and
availability. Performance and some other important factors are discussed in the following sections.

11
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7.2.1.1 Performance

Filter performance may be determined by the "cut-off" achieved by the filter (see 7.1.4.1) and/or other methods ex-
plained in Clause 7.1.4. The most meaningful figure now widely adopted is the "Beta Rating" associated with a particle
size and efficiency figure (see 7.1.4.5)

7.2.1.2 Filter size

The size of filter needs to be selected with regards to the acceptable pressure drop and time required between cleaning
or element replacement. This is closely bound up with the type of element and the medium employed.

Where space is at a premium, the overall physical size can also be a significant factor.

7.2.1.3 Surface versus depth filters

Surface type filters generally have relatively low permeability. To achieve a reasonably low pressure drop through the
filter, the element area must be increased so that the velocity of flow through the element is kept low.

7.2.1.4 Compatibility

Other essential requirements from the filter element are complete compatibility with the fluid and system. Compatibility
with the fluid itself means freedom from degradation or chemical attack or a chemically compatible element. At the
same time, however, 'mechanical compatibility’ is also necessary to ensure that the element is strong enough for the
duty involved and also free from migration.

7.2.1.5 Contamination levels

Contamination level may also affect the type of filter chosen for a particular duty, thus an oil bath filter for example
may be preferred to a dry element type in a particularly dust laden atmosphere (e.g., internal combustion engines operat-
ing under desert conditions) due to its large dust holding capacity.

7.2.1.6 Prefiltering

Particularly where fine filtering is required, the advisability or even necessity of prefiltering should be considered. In
fact, with any type of filter which shows virtually 100% efficiency at a particle size substantially lower than the filtering
range required, prefiltering is well worth considering as an economic measure to reduce the dirt load reaching the filter
depending on the level of contamination involved.

7.2.2 Liquid filter selection guide

7.2.2.1 Selection of media

Basic types of fluid filters are summarised in Table 3 whilst Table 4 presents a basic selection guide.

It must be emphasised, however, that such a representation can only be taken as a general guide. Particular applications
tend to favour a specific type of filter and element or range of elements. Furthermore, filtering requirements may vary
considerably. Thus, instead of being a contaminant, the residue collected by the filter may be the valuable part which
needs to be removed easily (necessitating the use of a type of filter which builds up a cake). Equally, where the residue
collected is contamination, ease of cleaning or replacement of filter elements may be a necessary feature for the filter
design.

12
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As a rough or primary selection procedure, the following steps may be followed:

1) Find the particle size range, either from design data or use Table 5.
2) Find suitable filter media using Tables 4 and 6.
3) Considering other process factors, find the proper filteration type and filter medium from Tables 3 and 7.

7.2.2.2 Selection of filter type

When the filter medium type is fixed, filter type selection should be performed based upon the process requirements like
the allowable pressure drop, physical size, cleaning period, cleaning method, the value of the residue and the actions
which should be taken on it, etc. There are the factors which dictate whether a continuous or a batch filter should be
choosen.

Other important factors to be taken into consideration are cost and maintainability of the filter.

More information about liquid filters may be found in the Appendices of this Standard and in other sources.

TABLE 3 - BASIC TYPES OF FLUID FILTERS

Type Media Remarks
Surface (1) Resin-impregnated paper Capable of fine (nominal) filtering
(usually pleated). Low permeability.

(ii) Fine-wove fabric cloth Low resistance than paper.
(pleated or ’star’ form)

(iif) Membranes. Ultra-fine filtering.

(iv) Wire mesh and perforated metal. Coarse filtering and straining.

Depth (1) Random fibrous materials Low resistance and high dirt capacity.
Porosity can be controlled/graduated by
manufacture

(ii) Felts Provide both surface and depth filtering.
Low resistance.
(iii) Sintered elements Sintered metals mainly, but ceramics for

high temperature filters.

Edge (i) Stacked discs. Paper media are capable of extremely
fine filtering.

(ii) Helical wound ribbon
Metallic media have high strength

and rigidity.
Precoat Diatomaceous earth, pearlite powered Form filter beds deposited on flexible
volcanic rock, etc. semi-flexible or rigid elements.

Particularly suitable for liquid clarification.

Adsorbent | (i) Activated clays Effective for removal of some dissolved
contaminants in water, oils, etc. Also used as
precoat or filter bed material.

(ii) Activated charcoal Particularly used as drinking water filters.

13
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TABEL 4 - GENERAL SELECTION GUIDE FOR FLUID FILTERS

Element

Sub-micrometre
(under 1)

Ultra-fine
(1-2.5)

Very fine
(2.5-5)

Fine
(5-10)

Fine/medium
(10-20)

Coarse
(over 50)

Medium
(20-40)

Perforated metal
Wire mesh

wire gauze

pleated paper
Pleated fabric
Wire wound

Wire cloth
Sintered wire cloth
Felt

Metallic felt

Edge type, paper
Edge type, ribbon element
Edge type, nylon
Microglass
Mineral wool

Ceramic

Filter cloths
Membrane
Sintered metal
Sintered PTFE
Sintered polythene

X=X
Limited
application
for liquids
X=X
X

14
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TABEL 5- GENERAL GUIDE TO CONTAMINANT SIZES
Particle size um

Contaminant under

0.01 0.01-0.1 0.1-1 1-10 10-100 100-1000

Hemoglobin
Viruses X X
Bacteria
Yeasts and fungi X=X
Pollen X=X
Plant spores
Inside dust X X=X X=X
Atmospheric dust X=X X=X
Industrial dusts X X=X X=X
Continuously suspended dusts X X=X
Oil mist X X=X XX
Tobacco smoke X=X X=X x
Industrial gases
Aerosols X X=X X=X x
Powdered insecticides X=X
Permanent atmospheric pollution X X=X X=X
Temporary atmospheric pollution X=X
Contaminants harmful to machines
Machine protection normal
Machine protection maximum X=X X=X X=X
Silt control x (3-5)
Partial silt control x (10-15)
Chip control x (25-40)
Air filtration, primary X=X X=X
Air filtration, secondary X=X
Air filtration, ultra-fine X X=X
Staining particle range X=X x

TABLE 6 - REPRESENTATIVE RANGE OF CONTAMINANT REMOVAL

Typeoflieror Particle sizr rangr pm
separalor
1000 100 50 0 [ L] 1 0.1 0.01

Membrane 12 (2] 14]
Electronlane [11] | —— =[N
Microglaus 10 .01
Aghesion fibre 1n 1k 1
Panet 1on 1
Smiered melal 100 | —— |
Woven wire:

Squarc weave o — 20

Plain Duich m— =20

Reverse Durch 113 15

Twilled Duich 100—— )
Wire cloth:

Coarse -— 0950

Medium 95— 1R

Fine 200 ———m= |}
Perluratcd plate (suamen} 44— 1000———= 100
Wire mesh (sirainers} 15— 40
Screens 250+ 5
Seirhnglank e | U ——— (1)
Cyclone 10U 10
Mulii-cyclpne e | (KX 4

Welcnllecior 1M [

VYenturi wruhher [13.1] FEu|  p——Z T 1|
Fabric dust collector 100 - = — =1
Pane!hliery 106} -1
Viscous pancels 1000 1
Filler cells 10 =1

15
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TABLE 7 - SUMMARY OF MEDIA CHARACTERISTICS

Noreml|
Medla 2":_ g Advam ‘r:"_""i‘.:' Dhaduantages Remathavphc ol application
pm

Paper Surlucre 10-M | Low cost Mo Very low sirenpth Simple lakararary Blicra

{unirenierdt | abaorbhent

Paper Surface M | Low conr No Low sirenprh (improved | General purpose compact forms of

(neated) hy pleanng) High wpecific | fliers {0 gases and hqnds, mlsa himeted
revsiance Only witable | mpplecation in hker presses far faeing
sy surface filvers Subpect | Rl eloth
In elemenl migralion

Paper dincy | Edpe {depeh) | Dowmtot | Low cosl Adjuslable To High spevific resvtance | Fine fitering of gases umd hquid
cul-off by "Haching’ Al cleanahle
pressure!

Fabncy Surface Down 103 | Can withuand higher No Lack rigidity and Fabries cover 8 wide range of materinls
preaures (han paper normatly heed 10 be with varying characteristey Fahric
Mare qunable ion backed up or supporied | elements may be used for general
larger wiaes of fillers by & screen, mesh, ete purpose gat and bquid filicrs. abvo far

duu collccrars, fiher cloths, eic,

Frhs Depih Nown o 10 | Mechanical properties Mo Lack rgadiny o need Thinner felte aliecnative o paper Sor
can be elostls ¢on- wuppor, pleaird chementa Dilter pads for B wery
iralkenl during manu- wiule range of induanes
Iaciure Available n
1 wude ranpe of
marerials (mouly
wyniherie]

Woven wirg | Surface Downto & | Performance eonirelled | Ye Mare e1pensive than Widely uwed 1m coarse, medium end
by weave and mesh clovh or paper fing mesh
H:gh sirengih

Mineral Deplh Down 10 0.1 | High permeatslny. Yo Asheniny hbres can Lihra-fine fikering of gir and gases

- orily sunable for ulira-fine e esent a heallh
filicring with micro- kazard Flow srlocus
diametcr fibroy and musl be kept low, Mot
jutable backing - particulsrly sunable for
suitable for high fillering ligquidy
lemperal urey

Glan Abre | Deprh Doun 1o | | Properties can be con- Filter pad= or klankets Tor air Aliers

of betler | olled and graduaied Micinglass sheeis for HEPA flters
dunng manulecture
Suuahle Tor hgh
I raures

Dhainmaceouy| Depih ¥Yery efTecuve for fine Mo Normally witable for wse | Precosr Alier, paruculercly suitable for

eanh filiering with low only as & precoar. bu claniying
eHanoe can be rendered o shen

fnrm wih hinder

Pearline Depih Low wer density Na A far diaiamacenu Precnat Alicrs
Fine Rliering eanh. hui narmally reeds
apability wih low In be used m Lhicker
flos rovttance layers

Activaled Aduarbent Removry Granular product. needs | Final filier for a0 o1 water . chemical

char¢pal vApDUr, Lonlaning In a switahble Ireaiment. eic

odours elc., housing

Charcoal Adsorben! Remover | Sirong, feuble High cosl Prefahricated filier elemen iy frr enlour

cloth vapour, | maienal wnh 20 nmes conbiol. mir condinonimg. waier and

edums. | the ndsarben chermical ireatment, eic
el properiim af senveied
chancual

Fuller's rarth | Adsorbent Ciranular feim - Aemds Final filiers Inr odour and vapour

Iacuvaled & sunlahlr contamer remaval

clax} L elfeviive than
sctivaied charcoal

Anlhracile | Depth High flow mim MNeeds 10 be creared for Lised in graviry and pressure filten for
prusihie in multu-layer mas:mum hardnews water ireatment wnd filiering of oils.
beds with sand scide. alkalis. eic

Snirred Depth Devan 10 2 | Propertics carm b Yeu Possibulity of elemem Sunered tonac or general duies

melal ¢loxe!y contrallcd rmigration High cont Sizinkess slex] o1 captic afloy for higher
during manulacture, Mot cleanahble pressurcs, lemperaiure and comosion
High strengeh elemeni renslance
Sunmhie lor high

. lemperalures.

Ceramic Depih Downio 1 | Propertits can be con- | Yes High co Particularly saiiwble Tor neids, alkalis
1eolicd duning manw- Nui ceaning und other corronve medin
facture Swilabke for
corrorsve Aucdy Sunahbbe
v hugh lemprraiures

Membranes  |Surface Dwvari 10 | Asmrlahle in g mde ¥Ym Require waruwm nt prev- | Llien-fine Bliening and clarifcaiion

CO0Y | renge of materian It wwrce | arw Mos swevialinl mpplicniing

rates Clogaed by Rbrow
of shimy <onlaminants
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8. CENTRIFUGES

8.1 General

Centrifugal separation is a mechanical means of separating the components of a mixture by accelerating the material in
a centrifugal field.

Commercial centrifuges can be divided into two broad types, sedimentation centrifuges and centrifugal filters.

8.1.1 Sedimentation centrifuges

Sedimentation centrifuge remove or concentrate particles of solids in a liquid by causing the particles to migrate through
the fluid radially toward or away from the axis of rotation, depending on the density difference between particles and
liquid.

In commercial centrifuges the liquid-phase discharge is usually continuous.

8.1.1.1 Sedimentation by centrifugal force

A solid particle settling through a liquid in a centrifugal-force field is subjected to a constantly increasing force as it
travels away from the axis of rotation. It therefore never reaches a true "terminal" velocity.

However, at any given radial distance r the settling velocity of a sufficiently small particle is very nearly given by the
Stokes-law relation.

If Stokes settling of a dilute suspension of uniform particles occurs in a tubular bowl of radius r, containing a thin layer
of liquid of thickness s, with a given flow rate Q, the critical diameter

Dpc of centrifuge is given by:

r—
9QTs (Eq. 6)

Dpc= (op ol) V'$2',-

Most particles with diameters larger than Dp . Will be eliminated by the centrifuge, most particles with smaller diameters
will appear in the effluent, and particle with diameter Dp . will be divided equally between effluent stream and settled-
solids phase.

8.1.1.1.1 The X concept

The following equation can be derived from the stoke’s law:
0.=2VyX (Eq.7)

In which V_ is the terminal settling velocity of a dispersed particle in the gravitational field. Equation 7 defines the
theoretical capacity factor which has the dimension of an area and can simply be interpreted as the area of a gravity
settling tank that has a separation performance equal to that of the centrifuge, provided that the factor Vg is the same for
both.

In theory, the concept allows comparison between geomertically and hydrodynamically similar centrifuges operating on
the same feed material, Equation 7 shows, that the sedimentation performance of any two similar centrifuges handling
the same suspension is the same if the quantity Q /X is the same for each. In practice, an efficiency factor is often intro-
duced to extend the use of X to compare dissimilar centrifuges.

The X concept permits scale-up between similar centrifuges solely on the basis of sedimentation performance.

Table C.1 of Appendix C, lists operating characteristics of some typical contrifuges.
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8.1.2 Centrifugal filters

The centrifugal filter supports the particulate solids phase on a porous septum, usually circular in cross section, through
which the liquid phase is free to pass under the action of centrifugal force. The density of the solid phase is important
only for calculation of the mass loading in the available volume of the basket. A more important parameter is the perme-
ability of the filter cake under the applied centrifugal force.

Centrifugal filtration is often applied to batch production on fine, slow draining solids, but it is better suited to handle

medium to coarse particles that require fair to good washing and a low residual liquid content.

8.1.2.1 Performance charateristics of centrifugal filters

Table C.2 of Appendix C shows the classification of centrifugal filters and their performance characteristics.

8.2 Selection of Centrifuges

Table 8 indicates the particle size range to which the centrifuge types are generally applicable.

Table 9 summarizes the several types of commercial centrifuges, their manner of liquid and solid discharge, their un-
loading speed, and their relative maximum (pumping) capacity. When either the liquid or the solid discharge is not con-
tinuous, the operation is said to be cyclic.

Cyclic or batch centrifuges are often used in continuous processes by providing appropriate upstream and downstream
surge capacity.

Note:

That unless operating data on similar material are available from other sources, continuous centrifuges should be selected
and sized only after tests on a centrifuge of identical configuration.

TABLE 8 - CLASSIFICATION OF CENTRIFUGES BY SIZE OF DISPERSED PARTICLES

Equivalent porticle diomater, um

D Ot 1.0 10 100 1000 10.000
Jiteg _] ] l
Bofrle
Tubylor bowl

Diah-aohd walt

Disk - spict wall
Dk -paripheral norries
Solid wall bashet
| Centinuous decanter
| Screan bowl decontar |
varticgl-gxis bashet
|  Horupntel anis
Conical screen __I
Purnhier l ]

p—
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TABLE 9 - CHARACTERISTICS OF COMMERCIAL CENTRIFUGES

Manner of Cantriluge
Method of . Liquid Manrwr ofsolids spred (ot mlids
mparation Rotar hpe Centrituge type discharge ducharge of remosal duchargr Capacily®
Sed i il ion Baich Ulrraceniriuge . I e 1 ml.
Laborstory, dimcal Batch Batch manual Leto Tu fi i
Tubula: Superoentnluge ComY nuous Baich marual Zera To 45 mi/h
Mullipass elaribier Continuous Bulch manusl Zeta Ti 1.4 mish
Disk Solid wall Continuows Balch manual Tero o e mizh
Ligh-phase thimmer Continuous Continwous for highi- Full . s m
phase solids I'is 4.5 wml/h
Peripheral nozales Continuous Conlinunus Full Ter a1 mi/h
Peripheral valves Continuous Intermittent Full To 1.4 misn
Peripheral wnnulus Contlnuou Intermittent Full 1 ax ;'l/h
Solid bout Ceotnlant Continuous Cyelic Full {urually) ° "
haar izow To 1.7 mi
Variable gued Continumus Cyclic Teto or reduced
werthea) To 0.5 ml
Continuon decanter Contlnuous Contlnuow screw Full
ronveyor Ta ne m3/h
To 6,UD0 hesh
Su:;mmht'm.nd Screen bowl decanter Continuous Continuous Full Tu 80.6 hg/h
tration T AR,O00 kg/h
To N
Fihiation Conlcal Wide-angle wereen Continuow Continuows Full o 26,000 KR/h
I . -
Diflerential conveyor Continuous Continuow Full .:,o ;g'zgg ka/n :OI I:"
¥ibrating tacillating. Continuow Exsentially continuous Full & 90, ka/h solidg
and tumbling screen -
Reciprocating puahes G Essentially continuow Full LIMITED BATA
Cylindexcal ntti]?'mliq pusher, Contipuous Excntlally continuous Full Te 27.000 kr/h Solids
wreen snght and mullistage
Horuonl Cyclic Intermitient. automatic Full (umally) To 21,080 kp/h Solids
Yertical, uaderdriven Cyelic Inlermitler]ll. suipmatic oo nduced JTo 5,500 kp/h So!nls
o ENANLA,
Vertical. mupended Cyclic I‘.nlermit'ler;l. aulomatic Zeoormedueed  1va 9,000 krsh o Solids
of manua

8.2.1 Power requirement

Typical energy demand values for sedimentation centrifuges handling dilute slurries, in joules per liter of feed, are, for
tubular and disk, 950 to 9500, for nozzle-discharge disk, 1900 to 11500, and for helical-conveyer decanters, 2800 to
14300. Nozzle-discharge centrifuges typically consume 54000 to 144000 kJ/1000 kg of solids discharged through the
nozzles.

Typical values for centrifugal filters handling moderately concentrated feeds, in killojoules per tonne (1000 kg) of dry
solids, are, for automatic batch (constant speed), 10800 to 36000, for automatic batch (variable speed), 18000 to 90000,
for "pusher" centrifuges, 7200 to 27000, and for vibrating and oscillating conical-screen machines, 1080 to 36000.

8.2.2 Required data for selection

For preliminary screening as to the suitability of the application for centrifugal separation and tentative selection of suit-
able centrifuge types, the following information is needed:

1) Nature of the liquid phase (s)

a) Temperature.

b) Viscosity at operating temperature.

c) Density at operating temperature.

d) Vapor pressure at operating temperature.

e) Corrosive characteristics.

f) Fumes are noxious, toxic, inflammable, or none of these.

g) Contact with air is not important, is undesirable, or must be avoided.
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2) Nature of the solids phase

a) Particle size and distribution.

b) Particles are amorphous, flocculant, soft, friable, crystalline, or abrasive.

c) Particle size degradation is unimportant, undesirable, or highly critical.

d) Concentration of solids in feed.

e) Density of solids particles.

f) Retained mother liquid content,------- % 1is tolerable, ------ % 1is desired.

d) Rinsing to further reduce soluble mother liquor impurities is unnecessary or required.

3) Quantity of material to be handled per batch or per unit time.

9. HYDROCYCLONES

9.1 General

Hydrocyclones are used for solid-liquid separations; as well as for solid classification, and liquid-liquid separation. It is
a centrifugal device with a stationary wall, the centrifugal force being generated by the liquid motion.

9.1.1 Variables affecting hydrocyclone performance

9.1.1.1 Effects of process variables

The ability of this gravity-force machine to effect an adequate solids/liquid separation is governed by Stokes law. Spe-
cifically, the ease of separation is directly proportional to the suspended particle diameter, squared times the relative
density (specific gravity), differential between the solid and the liquid phases, and inversely proportional to the viscosity
of the continuous liquid phase.

9.1.1.2 Effect of mechanical design characteristics

The ability of a hydrocyclone to meet required solids/liquid separation needs is governed by the design variables of the
equipment itself. These variables include cone diameter, overall body length, as well as the dimensions of the feed,
apex, and vortex openings. Regardless of the "Stokes" data available and the equipment design formulas that may exist,
the suitability of a hydrocyclone to a given process must depend upon existing information known from past experience
or upon results developed by laboratory or field testing.

9.2 Hydrocyclone Size Estimation

The following procedure can be used to estimate the size of Hydrocyclone needed for a particular application.

1) Estimate dp and from process requirements,

(Eq. 9)
Where:
dp is the selected particle diameter, i.e., particles with diameters of dp(depending on efficiency,)
and larger should be separated, in pum;
n is the efficiency of the cyclone in separating any particle of diameter dp, in percent.

2) Calcudate ds, using the following equation:
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3_ n
(d]/d50 -0.115)° =-1In (1 - ST (Eq. 8)

Where:
ds, is the particle diameter for which the hydrocyclone is 50 percent efficient, in um.

The dy, particle diameter is actually the diameter of the particle, 50 percent of which will appear in the overflow,
and 50 percent in the underflow. (See 3.7 and 3.9 for definitions).

3) Calculate the diameter of the hydrocyclone chamber, D (in meters), from the equation:

. =3
do¢ L' ¢ p °)'

D =
¢ 45¢ 100¢ 9
Where:
Py is the density of solid particles, in kg/m?;
o is the density of the liquid, in kg/m?;
y7j is viscosity of the liquid, in ¢ P, (mPa.s);
L is the rate of flow of feed, in L/min.

4) Other dimensions of the hydrocyclone can be estimated from Fig. 1.

HYDROCYCLONE-TYPICAL PROPORTIONS
Fig. 1
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5) Feed Pressure

Normally, a centrifugal pump produces the pressure needed for the operation of the Hydrocyclone. A minimum feed
pressure must be provided at the inlet of the Hydrocyclone in order to keep a steady centrifugal field inside the appara-
tus, and to make up for static-pressure losses (friction losses and the centrifugal head). The minimum allowable feed

pressure, P . . is given by Equation 10:

Pin=190.7-21.26 In (1000 D) (Eq. 10)
Where:

P,., isin kilopascals, (kPa).

Feed pressure should not be allowed to rise, in general, above a certain value, P
consumption; P can be estimated from Equation 11:

maxe 1D order to avoid excessive power

P, .=533.3+31.04D,-66.93In (1000 D,) + 2.088/D, (Eq. 11)
Where:
P, .. isinkilopascals, (kPa).

Note:

If available pressure differential and flow rate of a Hydrocyclone is fixed by the process, then the suitability of the selected
unit can be checked by the chart presented in Appendix C.
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APPENDICES

APPENDIX A
SPECIFICATIONS FOR FILTER MEDIA

TABLE A.1 - TYPICAL SPECIFICATIONS FOR METAL (MEMBRANE) FILTERS

Max. pore size Open pore area Models available
of filters« per 1 dm? Discs Squares
(diameter in um) (approx. values) (max. diameter in mm) (max. edge length in mm)

2.0 4.6 mm? 140 150

3.0 10.5 mm? 140 150

5.0 29.0 mm? 140 300

8.0 74.0 mm? 140 300

10.0 1.2 cm? 140 300

15.0 3.3 cm? 140 500

20.0 5.8 cm? 140 500

25.0 9.0 cm? 140 500

30.0 13.0 cm? 140 500

40.0 23.6 cm? 140 500

50.0 39.0 cm? 140 500

70.0 32.0 cm?§ 140 500

80.0 38.0 cm2§ 140 500

90.0 48.0 cn?§ 140 500

100.0 44.0 cm’§ 140 500

TABLE A.2 - PRINCIPAL WEAVES FOR WIRE CLOTHS

Plain Dutch single
weave

Reverse plain
Dutch weave

Twilled Dutch
double weave

resistance. Aperture size is the same
in both directions.

Good contaminant retention
properties with low flow resistance.

Very strong with good contaminant
retention.

Regular and consistent aperture size.

Name Characteristics Absolute rating Remarks
range um
Square
Plain or twilled Largest open area and lowest flow 20-300+ Most common type of weave.

20-100

15-115

6-100

Made in all grades from coarse to
fine.

Openings are triangular.

Used for fine and ultra-fine
filtering.
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APPENDIX A (continued)

TABLE A.3 - A TYPICAL LIST OF WIRE CLOTH SPECIFICATIONS *
Aperture Wie Open Wire
diz area Mesh dia
um ™mm mm “h ~ n
24 0028 0.025 23 RlLY (sl
2B RIS nip2s 28 R0 QAN O
32 no3 (% 2N 423 [SRLIIN
18 ERIRYS 0423 A1) JiM) [ERVIEY
40 {114 432 il N Lruing 2
17 042 .13 4 A2 0.mld
15 Q45 0,038 Vi 114 UL HE]
S 0.05 0036 M 00 0.0011
56 () 054 0040 L) 2 LIRLTT.]
61 0 363 0.040 L 250 0001h
75 Q0758 00} I 250 nlg
15 0.07% 0053 It 200 Q.0021
&0 nes 1.050 Eh] 200 0.0020
B3 0.UBS 0.040 14 200 ooolés
H 009 0U5%0 1] tan 0.0020
95 0.095 0,035 44 |80 0Mma
100 01 0.063 3 150 V25
106 v lok ans R |63 00
112 ol 0.0% kL] IR [IRY IR
125 3125 009 M 120 DS
t40 D13 arne 31 lim V.S
150 .15 0lg 16 1w 0 o0
160 gle nn K} 106} 0.0040
180 [N} 014 B L] 0.0055
00 oz [EN IR hit) 0.0050
200 o2 a.13 i3 TA 0.0085
224 )24 n.1l6 1 63 0.0065
250 0% 0.16 Ly [t 0.0uss
280 0.2R 19.22 M 50 0.00%
JIs 0313 0.20 37 50 0.008
L t)] 01 0.2 1 40 0.0
400 04 0235 Lk 1] 0010
415 0.425 028 i b 0.0
500 0.5 .20 £l In N 0ol
500 0s 025 FE ] LR 0.010
500 05 [EN 17 A0 0.012
560 0.5 0.8 bl ] ool
560 056 0.6 17 28 U.0la
630 63 0.2%5 k]| K QoD
630 63 0 2R 48 8 .01l
&30 0.6} Q.10 iy 15 0.01s
710 07 Q.32 18 25 0.012
710 on 044 ” 22 os
LT ne 032 3l a2 0012
00 0§ 0.5 Kt 2u aoM
— | Q6 3 18 0.014
— | VLR L] 16 0025
— 1.25 [t} 57 & 0.018
— 18, 0.5 S8 12 n.a2n
— 2 %A Al 10 0022
— 25 07l Al ] U024
— 115 Iy} & -] 0oz
- + 1.0 64 5 0.04
— 5 1.25 2] 4 105
— 453 1.25 0 A 0.05
- 71 l.4 b1l ) 0.055
— -] z .2} A .08
-— 10 25 £ N nin
- 125 2.8 67 - NN :
16 12 &9 nEe

* "Filters & Filtration Handbook'", CHRISTOPHER DICKENSON, 3rd. Ed., 1992, Elsevier Advanced Technology.
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APPENDIX A (continued)
TABLE A.4 - PERFORATED MESH SIEVES *
Nominal width of Plate Aperture tolerances
aperture (side of square) | thickness Average Maximum
mm in BG % units % Units
101.60 4 10 0.20 80 0.50 200
88.90 3% 10 0.20 70 0.49 170
76.20 3 12 0.20 60 0.50 150
69.85 2% 12 0.20 55 0.51 140
63.50 2V 14 0.20 50 0.52 130
57.15 2V 14 0.20 45 0.53 120
50.80 2 16 0.20 40 0.50 100
47.63 1) 16 0.21 40 0.53 100
44.45 1% 16 0.20 35 0.51 90
41.28 17 16 0.21 35 0.55 90
38.10 1% 16 0.20 30 0.53 80
34.93 1 16 0.22 30 0.58 80
31.75 1Y 16 0.24 30 0.56 70
28.58 1Y 16 0.26 30 0.62 70
25.40 1 16 0.25 25 0.60 60
22.23 g 16 0.23 20 0.69 60
19.05 a 16 0.27 20 0.80 60
15.88 % 16 0.32 20 0.80 50
12.70 13/2 16 0.40 20 1.00 50
9.53 8 18 0.53 20 1.06 40
7.94 1//16 18 0.58 18 1.16 36
6.35 7 18 0.60 15 1.20 30
4.76 6 20 0.64 12 133 25

1 Unit = 0.0001 (in) and/or 2.54 um

* Source : See Table A.3.
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APPENDIX A (continued)
TABLE A.5 - PERFORATED METAL DATA*
Size of hole Ya Size of hole Wa
Open OCpen
mm ] in area mm in arca
Round holes Round end slots (alternate)
{3 s [y PO~ A g« nale I3
0.55 00213 2t 000~ 100 03 % 0039 24
0.70 LRV M} 00 % 13 N394 < (Lo kN
080 U 03is 12 00 = .50 17T = 003 A2
i.oy .04} 25 100 ~ 200 G394 > U9 3
1.40 0.049 13 Mg = 200 DIRY x 0079 n
§.50 {355 1 1300 % 250 0501 < NOYR b
.5 0.057 RN W0 2 U TT X 0098 3l
|.64 0065 RI¢ 12,00 ~ Y.od 0472 <0018 k]
1 7% 0.069 W 20400 = 3un 0787 <0118 47
2o 0085 i3 I ¢ 33 09 = 0117 K}
243 w7 16
245 o112 sy Square cnd slnts {parallel)
[ EH 3 Uied = ila 14
Square hale (parallel) oo - 0._:(- U":“’u s 0022 19
| 50 05y 44 [0 = G Fh 0.3 < 03 2%
117 0105 m M6 s LI 08I < D04 33
500 0236 i HLaz v L0 0057 2
6.35 0 230 a4 1905 x I_j‘) 0.;_‘(} = N.062% 27
700 0275 4 13,00 % 730 0.5 % 0.098 A7
g 52 0,375 e 20,00 x 125 0LIRT ~ OLI2R 41
11.00 0137 19 IQR-_&X}Q(: tlz."fl % U156 4_'_'
17 0,500 a1 I?'”': % 4.7_? 0. ‘.‘[_1 g O‘Iiﬂ 43
19.0% 0,750 56 L_‘ LR HE_’: ¢ 0230 47
¥ 10 100 i kN0 0787 L0304 Y
Diagonal slors
Square hole (alternate} 1229 x 050 0,481 % 0020 14
1.75 0.069 i 1220 < Q042 (484 ~ G024 |4
Y17 0125 i 1Y = (.73 0.369 x (1.1 12
475 0187 H LY 107 D489 < 0042 13
635 0.250 +4 Mba2 x |09 0312 « 0.043 27
1493 0.2 6 990 < 238 0,399 < 0.093 a7
9.53 0375 56 1181 > 307 11389 x 10125 1
(RIL)] 0.437 &0 1270 % 396 0500 < 0.156 6
1270 0.500 A 1290 < Ld 0500 x 0.04] 2%
19.05 (750 56 W00 200 U787 % 0.078 X
25.40 1.0 57 1130 < 150 0454 < 0.059 2
1905 ~ 317 0.750 ~ 0.125 40
Diamond squares
175 0 1%7 16 Triangular holes
9.52 0375 " 3.7 0123 26
1270 0 500 X 5.00 0iv7 |3
15 47 0.625 I f 3D 0.236 26
19.05 0.750 M 982« |11 0375 < 0437 16
2540 1.0 41 Ohrval holex
TIW < 300 D276 A 0118 2
g0 <425 0334 x 0167 kb
Qi 506 0,354 x 1197 15
1340 < A.00 0381 £ .236 46
115« TH 0583 = ¢176 43

* Source : See Table A.3.
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APPENDIX B
PRESSURE DROP CHARACTERISTICS OF STRAINERS
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ESTIMATION OF PRESSURE LOSS IN TYPICAL Y-TYPE STRAINERS
Fig. B.1

Note:

This chart is based on water of relative density (specific gravity) 1.0 and viscosity 2-3 c¢St. Screens are clean and are 40 x 40
woven wire mesh.

(to be continued)
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APPENDIX B (continued)
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APPENDIX C
SPECIFICATIONS OF CENTRIFUGES AND CAPACITY CHECKING FOR
HYDROCYCLONES

TABLE C.1- SPECIFICATIONS AND PERFORMANCE CHARACTERISTICS OF TYPICAL
SEDIMENTATION CENTRIFUGES

I | BOWL |SPEED | MAX 1 MUM | THRONGHPUT | TYFICAL |
| TYPE |DIAMETER|r/min. | CENTRIFUGAl | |[MOTOR S17F |
| | mm {FORCE x GKAVITY | LIQUID mi/h  |SOILD ke/h| kW |
| S— | | | ! | l
|TUBULAR | 45 50,0004} 62.400 [0.0t1 - 0.056] [ |
l | 105 |15.000 | 13,200 |0.023 - 2.3 | I 1.49 |
| | 128 |t5,000 | 15,900 |0.045 - 4.5 | | 224 |
|D15K | 178 12,000 | 14,1300 |0.023 - 2.3 | |  0.246 |
| | 330 | 7,500 | 10,400 [1.14 - 114 | | 4.4 |
| [ A0 | 4,000 | 5,500 [4.5 - 45 | | 5.6 |
|NOZZLE | 254 |10.000 | 14,200 2.3 - % | 91- 910] 14.9 |
IDISCHARGE{ 406 | 6,250 | 8,900 |5.68 - 34~ | 360- 3600 29.8 |
| | 685 | 4,200 j 6,750 | & - %0 | 910-10000] 93.2 |
| | 762 | 3,300 | 4,600 | @ - 90 | 910-10000] 93.2 |
[IIELICAL | 152 | K,000 | 5,500 | To 4.5 | 27- 227 .13 |
[CONVEYRR | 356 | 4,000 { 3,180 | TO 17 | 453- 1360 14.9 |
| | 457 | 3,500 | 3,130 |  TO 1l.4 | 453- 1380| 11.2 I
i | 635 | 3,000 | 3,190 | TO 5¢.8 | 2270-11000| 112 |
i | 813 | 1,800 § 1,470 ] To  56.R | 2720- 9100| 44.7 i
[ | 1016 ] 1,600 | 1,450 | T0 8§ | %100-1R300| 74.6 |
I | 1ty ) 1,000 770 ] TO 170 | 18150-54400U| 112 |
|KNTFE | 508 | 1,800 | 920 J " ]0.028 4¢v | 14.9 |
{DISCHARGE| ~ 915 | 1,200 | 740 ! . 10.115 sss | 22.4 |
| | 1727 | %00 | 780 | v ]0.574 waw | 29.8 |

I | I o I

Notes:

* Turbine drive.
** Widely variable.

**% Maximum volume of solids that the bowl can contain, in m?.
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APPENDIX C (continued)

TABLE C.2 - CENTRIFUGAL FILTERS CLASSIFIED BY FLOW PATTERN

BASKET CAPACITY*
CENTRIFUGAL (UNDER LIP RING).
FLOW PATTERN FIXED-BED TYPE FORCE** m?
Liquid: continuous Vertical axis
(interrupted for discharge of solids) Manual unload 1200 0.453
Solids: batch Container unload 550 0.566
Knife unload 1800 0.453
Horizontal axis 1000 0.566
Knife unload
Centrifugal Solids capacity, ***
Flow pattern Moving-bed type force** kg/h
Liquid: continuous Conical scree
Solids: continuous Wide angle 2400
Differential scroll 1800 68,000
Axial vibration 600 136,000
Torsional vibration 600
Oscillating 600
Cylindrical scree
Differential 600 36,000
Reciprocating 600 27,000

*  Reduce by 1/3 for volume of processed solids ready to be discharged.

**  Nominal maximum centrifugal force (w>.r/g) developed, usually less in larger sizes,

*** Nominal maximum capacity of largest sizes, subject to reduction as necessary to meet required performance on a given
application.

(to be continued)
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APPENDIX C (continued)

C.1 CAPACITY CHECKING FOR SIZED HYDROCYCLONES

If the pressure differential for a hydrocyclone separation Unit is fixed by the process conditions and a properly sized
device has been selected, the capacity of the Unit can be determined as shown in Fig. C.1. When a hydrocyclone does
not have adequate capacity over the pressure range indicated to handle a given problem, multiple hydrocyclones are

manifolded in parallel.
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