N i saas

P




FILTERS and FILTRATION
HANDBOOK

3rd Edition

Christopher bickenson. FBIM

ELSEVIER
ADVANCED
TECHNOLOGY



ISBN 1 85617 078 0

Copyright © 1992 ELSEVIER SCIENCE PUBLISHERS LTD
Re-printed 1994

All rights reserved

This book is sold subject to the condition that it shall not by way of trude or otherwise he
resold. lent, hired out, stored in a retrieval system, reproduced or translated into a machine language,
or otherwise circulated in any form of binding or cover other than that in which it is published,
without the Publisher's prior consent and without a similar condition including this
condition being imposed on the subsequent purchaser.

Other books in this series include:
Hydraulic Handbook
Seals and Sealing Handbook
Handbook of Hose, Pipes, Couplings and Fittings
Handbook of Power Cylinders. Valves and Controls
Pneumatic Handbook
Pumping Manual
Pump Users” Hundbook
Submersible Pumps and their Applications
Centrifugal Pumps
Handbook of Valves, Piping and Pipelines
Handbook of Fluid Flowmetering
Handbook of Noise and Vibration Control
Handbook of Mechanical Power Drives
Industrial Fasteners Handbook
Handbook of Downstream Processing
Geotextiles and Geomembranes Manual
Handbook of C...immetic Science and Technology.

Published by
Elsevier Advanced Technology
PO Box 150, Kidlington, Oxford OX5 1AS, UK
Tel 010 44 (0y 865-843848
Fax 010 44 (0) 865-843971

Printed in Great Britain by Galliard ( Printers) Lid, Great Yarmouth



FILTERS and FILTRATION HANDBOOK

3rd Edition



Preface

Since the beginning of time, nature has evolved and perfected a method for deal-
ing with naturally suspended impurities in the air, water and soil of this Earth,
thereby maintaining a delicate balance.

The introduction of artificial impurities into an industrial society by modern
man has seriously interfered with nature and continues to do so.

The problems have reached critical limits in some areas and are so varied,
complicated and forever changing, that their possible solutions have continued
to inspire the development and growth of a technology, whose products are so
vital to our future existence.

Today. filtration and separation equipment is present in almost every field of
industrial activity.

Now in its eleventh year, the FILTERS AND FILTRATION HANDBOOK
has proved to be a valuable and significant contributor to the promotion and under-
standing of this technology. with thousands of copies sold all over the world.

The THIRD EDITION has been revised and updated to include new mater-
ials. product developments and applications, that should help to provide realistic
and practical solutions to individual filtration and separation problems, together
with a valuable source of equipment purchase and supply.

The FILTERS AND FILTRATION HANDBOOK - 3RD EDITION is in-
tended as a first source of reference and practical guide for Engineers, Managers
and Specifiers, incorporating in one volume essential and useful information and
data on filtration and separation.

The co-operation and assistance given by many individuals and manufacturers
is gratefully acknowledged with sincere thanks, together with apologies for any

inadvertent omissions or errors.
Chris Dickenson. December 1991
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Cartridge filters from different manufacturers may fit the same housings, e
but that doesn’t make their performance interchangeable. Compared to

other filters, only HYTREX® I filters have true graded density*, resulting
~ In higher flow rates, longer service life and the iowest media migration.

That's because HYTREX Il filters are manufactured from continuous, pure  ___
polypropylene microfibers that are thermally-bonded into a complex
matrix. HYTREX |l filters are not wound from yarn, with added lubricants
T and anti-static agents. They‘re not molded from chopped fibers, with

— chemical binders. And they’re not layered from non-woven microfibers.

For the inside story on how HYTREX Il provides superior performance
over other cartridge filters that claim to be depth filters, ask for our free
brochure.

T "HYTREX graded density patent #s 3,904,798 and 3,801,400

__ 1-800/848-1750, ext. 300 e
_ = )W “ia

Telephone: 612/933-2277 5951 Clearwater Drive
— Telefax: 612/933-0141 Telex: 29-0847 Minnetonka, Minnesota 55343 USA —
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Modern pro-
o8 cessesin
food techno-
iogy are cha-
racterized

by efficiency and eco-
nomy.

Centrifugal separation
technology from Westfalia
Separator plays a deci-
sive role. Know-how
backed up by decades of —

);

.. with
'Westfalia Separator

experience —

for your benefit.

Whether

- clarifying liquids,

- separating liquid mixtures,
- concentrating solids or
- extracting constituents,
centrifuges provide for
progressive process tech-
nology. As single machi-
nes or integrated in com-
plete process lines.

Contact Westfalia Separator
for further details.

‘Westfalia Separator AG
Postfach 3720 + D-4740 Oelde
Tel.: (02522) 77-0 - Telex: 89474

WESTFALIA
SEPARATOR

Separation technology at its best

50038




‘Whethersludge orpigments
Fugafil filter fabrics
‘have the solufion

Fugafilters ore in use wherever sophisticated filtration
and separation are required. Our weaving provides
a complete range of fabrics to meet our customers’
individual requirements for clean solutions.

Fugafil are specialists in the manufacture of tech-
nical febrics. All four production steps — extrusion,
weaving, finishing and making-up—under one roof.
Our monofilaments Fugalen (PE), Fugafin (PP),
Fugamid (PA) and Fugaran (PYDC) meet highest
expectations and are available from coarse to very
fine deniers.

Please test our capacity and capability! .
Let us know your problem. We may already
have the solution. If not, together we will find if.

FUGAFIL

FUGAFIL-saran GmbH & Co.

Ostring 22 - D-4285 Raesteld

Phone 02865/311 + 8044 - Fax 02865/295
Telex 813342 sawe d

Atelier de 1 Cengaio

Meponses i

\

B
S T

TECHNICAL FABRICS
Filtration
Straining

Sieving

OUR EXPERIENCE IS YOUR STRENGTH

TRIPETTE & RENAUD

Z.\. du Val-de-Seine - 20, Avenue Marcelin Berihelot,
92390 Viileneuve-la-Garenne, FRANCE.
Tél. : 33 (1) 47 94 40 21 - Fax : 33 (1) 47 94 79 00




Facet filter/water
separators — comply
with the latest civil
and military specifi-
cations, Facet filter/
water separators
provide clean dry
fuel in airport,
refinery and indust-
rial installations
worldwide. Facet
cartridge filters —
dependable and
economical, Facet
cartridge filters o
provide clear E e e el
solutions in power generation, petrochemical, offshore and petroleum
industries. Facet filter cartridges—areliable supply of coalescer, separatorand
filter cartridges to keep your equipment on stream at all times.

Facet oil/water separators — on land and at sea Facet oil/water separators
are helping to keep ourenvironmentclean and to recovervaluable materials.
Facet bilgewater separators

t
{ Im — perform better than the
s : }: requirements of the latest

IMO regulations.

Whatever your problem in
filtration and separation call on
Facet— we are ready to help.
Treforest Industrial Estate,

Treforest, Mid Glamorgan CF37 5YL
United Kingdom
2 Tel. No. Treforest (0443) 844141

Fax No. Trelorest (04+3) 844282
Telex: 497332 FACET G

—:3 > \'n.

L33 Facet

Facet Industrial UK Limited
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 " Solent Technology Limited
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® THE MINI-PLEAT SYSTEM
@ ROTARY PLEATERS

& BLADE PLEATERS

& BOXPLEATERS (H.E.PA)

- @ HOT MELT MACHINES
@ CARTRIDGE EDGE SEALERS

SPECIALS
@ WE OFFER A CONFIDENTIAL DESIGN & MANUFACTURE SERVICE

SOLENT TECHNOLOGY LTD.

901 Solent Business Centre, Millbrook Road West, Southampton SO1 0HW, United Kingdom. Tel./Fax (0703) 774382

® FLUID CONDITION MONITORING
CONPAR o

RAPID HIGH ACCURACY ON-SITE ASSESSMENT

IMPROVE RELIABILITY and DOWNTIME

CONPAR® OFFERS THE FOLLOWING BENEFITS:

« SUITABLE FOR OIL OR WATER BASED
HYDRAULIC FLUIDS AND MOST LUBRICANTS

+ FIELD PORTABLE

« ON SITE ASSESSMENT

IN USE AROUND THE WORLD WITH
AIRCRAFT MANUFACTURERS AND
OPERATORS

IMMEDIATE RESULTS
ACCURATE - OUTPERFORMS ALL OTHER

NAVIES METHODS

g;dg:mc;grsmnz PETROLEUM - INFORMATIVE-REVEALS BOTHSIZEANDTYPE
OF CONTAMINATION

P AN T e racTURERs * PROVEN - IN SERVICE FOR MANY YEARS

GENERAL INDUSTRY « ECONOMIC - MINIMUM OQUTLAY

IN FACT CONPAR® SHOULD BE USED . - LOW COST CONSUMABLES

WHEREVER SAFETY AND
REUABILITY IS IMPORTANT

FOR DETAILS OF CONPAR® OR LABORATORY HOWDEN WADE LTD%

ANALYSIS, FILTRATION AND FLUSHING 1ucRMAL CONTROL DIVISION

SERVICES, CONTACT: Crowhurst Road, Brighton, BN1 BAJ East Sussex
England Tel. (0273) 506311 Taelex 87511




FAUDI

Flitersyst=mea

Complete deaning and supply installations for coolant lubricants using
bandfilters, inclined bandfilters, vacuum filters, precoat filters (different
executions), sandfilters, hydrocyclones, magnetic and lomellar separa-
tors, pressure filters;

Filter systems for the surface technique, for processing uiater and similar
circulating liquids; filter/water separators, filter monitors, exchange
elements, microfilters and refuelling installations for aviation fuels;
Filter systems for mineral oil companies, for air and industrial gases.

Coarse and fine filters in single and duplex versions with heating jacket
for pressures up to 150 bar;

BadkAushable strainers as well as self-cleaning slot-type filters;
Centrifugal gas separators to prevent metering errors;

Products manufactured under Peerless licence: :liquid and mist separa-
tors, cyclone separators, filter-se parator combinations, micro-separators.

FAUDI FEINBAU GMBH. W-46370 Oberursei P.O.Box 1267, ImDiezen
4, F.R.G., Telephone 6171/508-0, Telefax 6171/508-180, Telex 4-
10745, Teletex 6171965

Werk Stadtalleader?, Ui-3570 Stadtalleader? P.O. Box 1120,
Scharnhorststr. 7, F.R.G. Telephone 6428/702-0, Telefax 6428/702-88,
Telex 482416, Teletex 6428913



SECTION 1

Basic Principles

FILTERS AND SEPARATORS
CONTAMINANTS

FILTER RATINGS

FILTER TESTS

SURFACE AND DEPTH FILTRATION



-—-—=Since 1905 needlefelts-and fabrics made-in ltaly for-wet and dry-filtration.——
A complete range of high-tech textiles used for filtration'equipments =%
—-inindustrial and environmental processes, dedusting and watertreatment planis.o_.. .
Moreover,an-experienced technical staff capabie of providing assistance in finding-solutions —

to customer-problems. -
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: Membrane Technologies and

Systems Tailored to Your Needs.

polyamide, cellulose, cellulose acetate, propri-
etary polysulfone, proprietary polyethersulfone,
and modified polyacrylonitrile.
Additionally, Molsep™ hollow fiber
membranes are available with two
membrane choices: proprietary
polvethersulfone and modified polyacry-

Look for the company that gives
you the most in ultrafiltration options,
and one name emerges: Hoechst
Celanese Corporation, with the widest
range of membrane selections and MWCOs
(Molecular Weight Cut-Off) in the industry.

Call it a choice opportunity, with Nadir® mem-

branes in the configuration you need: Spira-Cel ™ e @ ionitrile. And for viscous streams, Molsep
spirally wound membrane components, Cel-Tan™ & multitubular components are specifically
membrane cagsettes, stired cell discs, die-cut formats designed for the task.

for plate and frame systems. Your choices continue You wanted a choice? It's time to open your

with six available membranes — proprietary aromatic  options with Hoechst Celanese. Call 1-800 235-4273.

Separ ti Prod Divisi T s
Hoechst Celanese Corporation Hoechst Celanese Hoechst 3
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