PROCESS ENGINEERING HANDBOOK SERIES

Solids/Liquids
Separatlon ‘

PAUL N. CHEREMISINOFF



PROCESS ENGINEERING HANDBOOK SERIES

Solids/Liquids
Separation

5 L # R
PAUL CHE&A jliOl’-%:

sultant, United Natio




Solids/Liquids Separation
aTECHNOMIC 7mblication

Published in the Western Hemisphere by

Technomic Publishing Company, Inc.
851 New Holland Avenue, Box 3535
Lancaster, Pennsylvania 17604 U.S.A.

Distributed in the Rest of the World by
Technomic Publishing AG
Missionsstrasse 44

CH-4055 Basel, Switzerland

Copyright ©1995 by Technomic Publishing Company, Inc.
All rights reserved

No part of this publication may be reproduced, stored in a
retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, recording, or otherwise,
without the prior written permission of the publisher.

Printed in the United States of America
09 87 654321

Main entry under title:
Process Engineering Handbook Series— Solids/ Liquids Separation

A Technomic Publishing Company book
Bibliography: p.
Includes index p. 391

Library of Congress Catalog Card No. 95-60053
ISBN No. 1-56676-246-4



SOLIDS/LIQUIDS SEPARATION



HOW TO ORDER THIS BOOK

BY PHONE: 800-233-9936 or 717-291-5609, 8aM-5pM Eastern Time
BY FAX: 717-295-4538

BY MAIL: Order Department

Technomic Publishing Company, Inc.

851 New Holland Avenue, Box 3535

Lancaster, PA 17604, U.S.A.

BY CREDIT CARD: American Express, VISA, MasterCard

PERMISSION TO PHOTOCOPY-POLICY STATEMENT

Authorization to photocopy items for internal or personal use, or the internal or personal use of spe-
cific clients, is granted by Technomic Publishing Co., Inc. provided that the base fee of US $3.00 per
copy, plus US $ .25 per page is paid directly to Copyright Clearance Center, 222 Rosewood Drive,
Danvers, MA 01923, USA. For those organizations that have been granted a photocopy license by
CCC, a separate system of payment has been arranged. The fee code for users of the Transactional
Reporting Service is 1-56676/95 $5.00+$ .25.




PREFACE

Separation of solids from liquids is an operation that has extensive ap-
plication in the chemical process, petroleum industries and in water/
wastewater treatment. Such separation applied to liquid streams can be for
the purposes of recovering valuable products or removing unwanted con-
taminants that may damage downstream process equipment or for product
purification, or pollutant removal that may be harmful to the environment.
This book is designed to be used as a continuing reference guide.

Because of the wide range of applications and properties of suspended
solids encountered there is a large and diversified number of equipment and
methods for solids/liquid separations. Presented here are the basics of such
operations, so that the user of this book may grasp an understanding of a
wide range of equipment available. Additionally, operations such as fluid
mixing and coagulating chemicals are discussed because of their impor-
tance for this procedure in water/wastewater treatment. A special section is
also devoted to separations by membranes, which has received increasing
attention.

It is hoped that this basic reference will be a welcome addition to the pro-
cess and environmental engineer’s library.

PAUL N. CHEREMISINOFF
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CHAPTER 1

Industrial Filtration Equipment Overview

INTRODUCTION

A wide variety of liquid filtration equipment is commercially available,
ranging from highly versatile units capable of handling different filtration
applications to those restricted in use to specific fluids and process con-
ditions. Proper selection must be based on detailed information of the
slurry to be handled, cake properties, anticipated capacities, and process
operating conditions. One may then select the preferred operational mode
(batch, semibatch, or continuous) and choose a particular unit based on the
preceding considerations and economic constraints.

Continuous filtration involves the use of several operations performed in
series, namely solids separation and cake formation, cake washing, cake
dewatering and drying, cake removal, and filter media washing. These op-
erations are handled by two groups of equipment: stationary apparatus
(which are the supporting devices such as the suspension vessel) and scrap-
ing mechanisms and movable devices (which can be the filter medium, de-
pending on the design).

Either continuous or batch filters can be employed in cake filtration. In
filter-medium filtration, however, where particulates are retained within the
framework of the filter medium, only batch systems are applicable. Batch
filters may be operated in any filtration regime, whereas continuous filters
are most often operated at constant pressure.

Two general classification schemes are adopted to describe continuous
operations in this chapter:

(1) Continuous filtration equipment is classified according to the method
of generating pressure differential. This classification scheme is
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Pressure Differential

(N/m?)
Hydrostatic pressure of the suspension
layer to be separated Usually no more than 5
Action of compressors 5-9
Action of pumps Up to 50 and higher

(2) Classification is based on the relative directions between gravity force
and the filtrate motion. Three possible orientations are countercurrent,
co-current, and crossflow.

Operating principles and important features of major filtration equipment
are described in this chapter.

APPLICATIONS IN INDUSTRIAL WATER CONSUMPTION

Although filtration is practiced in a variety of industrial applications and
processes, it has become an even more critical unit operation because of
large-scale efforts in the more effective use of plant water. Water use prac-
tice in the chemical process industries (CPI) has been undergoing dramatic
changes over the past decade. While overall water use has been rising, plant
water intake and discharges have been declining. The reason for this has
been greater water reuse in plant operations. The major force behind this
water reuse trend is environmental protection and conservation. Federal,
state, and local laws backed by stiff penalties have established strict limits
on the amount of effluents discharged by the CPI.

Governmental regulations are not the only reason the CPI are turning
toward water reuse. As fresh water becomes a scarce commodity, its cost is
becoming more expensive. Another contributing factor is the continually
increasing cost of moving and heating fresh water, especially once-through
water. The high cost of chemically treating fresh water cannot be
overlooked either.

There is no doubt that a water reuse system can be an asset to the proces-
sor, as long as it is functionally efficient in design and operation. However,
a serious problem must be reckoned with: recirculated water can have a
much higher solids content. Although there is no clearcut solution to the
problem of solids buildup, filtration and/or chemical treatment can norm-
ally achieve the desired result.

Deposit formation on waterside surfaces of heat exchangers has always
concerned the cooling system and process operators. However, in the past,
the problem was considered relatively minor because the equipment was
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usually operated only six months (seldom longer than twelve months) be-
tween cleanngs or turnarounds. This is no longer possible. Many indus-
trialists, in an effort to reduce overall operating costs, are working toward
less frequent turnarounds, higher throughput with the same equipment, and
lower maintenance costs. This is accomplished by removing the solids that
cause deposit formation. Examples of solids deposition problems in plant
operations are as follows:

¢ In cooling tower operations, cascading water constantly “scrubs”
airborne contaminants from the atmosphere and carries these par-
ticulates into the cooling system. Depending on geographic location
and seasonal changes, these particulates can account for the highest
concentration of suspended solids in the system. Other sources of
fouling in cooling tower operations can be traced to makeup water,
scale from system piping, solids from the process, and dissolved
solids from the atmosphere (which must be controlled chemically).

¢ In the operation of heat exchange equipment, corrosion control is
of prime concern. Deposition control deserves at least equal atten-
tion because both problems occur jointly or cause one another: as
solids build up on the system surface, corrosion products begin
forming, which, in turn, can produce a variety of undesirable
operating conditions.
reduced operating efficiency
reduced or uneven heat transfer

e unexpected process equipment shutdown and associated main-
tenance

e shortened equipment life

e increased pumping costs

To avoid those solids-caused conditions, it is essential to remove the solids
through filtration as soon as they enter the system.

In smaller systems with low flow rates, the filter can be placed directly on
the tower outlet to handle the entire flow. However, full-stream filtration is
not always necessary—or practical—for large cooling systems with
moderate or high flow rates.

An economical side stream installation that continually filters a portion
of the total system capacity will reduce tower blowdown and prevent loss of
heat exchange efficiency. This can be accomplished by installing a loop off
the tower basin. Incorporated in this loop is a filter, a pump pressurizing the
filter feed line, and a discharge line leading to the tower basin. At some
point in the discharge line, a restriction (usually a control valve or orifice
plate) is necessary to maintain pressure on the outlet header. This permits
backwashing with filtered water.
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For sizing a side stream installation, recommendations will vary from
user to user and even among filter manufacturers. Usually, manufacturer
suggestions are based on a percentage of the system flow rates. However,
because almost every system and application is different, it is virtually im-
possible to give a standard formula that would apply to all.

Filter sizing requires careful and detailed analysis of many factors, such
as flow rate, pressure, system design. For example, if the makeup water is
high in solids (from a river or lake), it may be necessary to install a separate
filter in the makeup system. An alternative is a central filter designed to
handle both the makeup water and a portion of the recirculated water.

Choosing the proper filter screen requires careful examination of the
source of solids and nature particulates. Current operating systems on cool-
ing towers are providing satisfactory performance with screen retention
ranging from 150 mesh to 5-10 pm.

For new cooling systems, initial installation of finer filter screens is
recommended based on the anticipated solids size. On existing systems that
have operated without filtering, coarse screens are generally used to reduce
the solids concentration. After the backwash frequency has been stabilized,
screens can be installed.

Because backwash filters use tower water for backwash cleaning, the fre-
quency of tower downs for removing the dissolved solids can be reduced.
Also, savings are realized in the cost of chemicals used for treating makeup
water.

Water for spray-type wet scrubbers can be recirculated with water from
other processes. This water must be filtered as it is pumped to the scrubber.
If not, solids can quickly clog small nozzle openings. This results in
decreased scrubber efficiency; if the problem goes unchecked, the flow of
water can eventually stop, and downtime may be necessary to correct the
situation.

If recirculated water is used in a scrubber system, it is unlikely that car-
tridge filters will be the primary equipment for solids removal, because the
water would form a sludge or slurry, which requires sophisticated clarifica-
tion techniques for high solids removal. Generally, cartridge filters are used
on the return line to the scrubber as a final filter for protecting spray
nozzles.

Because of evaporation, scrubber systems using recirculated water still
require some makeup water. Those systems are usually handled full-flow by
cartridge filters. Filtering the makeup water ensures that further contamina-
tion is not introduced by this source. Automatic backwashing filters are best
in that kind of application to prevent plugging of filter screens and restric-
tion of water flow.

Boiler feed water can come from a variety of sources such as well water,
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city water, plant and process water, and condensate. In boiler feedwater
systems, solids that can collect in boiler vessels and reduce boiler efficien-
cies must be removed. In this application, filtering the water down to 15-20
pum is common.

e Food and package industry: Container rinse water can be recir-
culated water or water from other processes. As a rinse water,
recirculated water is more advantageous than makeup water
because it requires less energy for heating. A major concern, espe-
cially to the food industry, is that no visible particles appear on the
container surface. To prevent this, the rinse water can be clarified
by filters with 250 mesh screens. Where smaller particulates such
as dust and paper fibers are present, finer screens can be used.

® Paper industry: Throughout the paper industry, protection of
machine showers is critical for product uniformity and consistency.
Any filter installed to protect machine showers must satisfy three
requirements:

(1)It must have sufficient screen area to handle the required flow.

(2)It must remove contaminants that may plug shower nozzles.

(3)It must be easy to clean so that minimum operator attention is
needed.

The desired operating pressure, location of the shower, and type of water
used determines which filter will provide the best results.

Freshwater filters are normally equipped with a wire screen; the mesh
size is determined by the size of the nozzle orifice. A particle retention
rating of five to six times smaller than the orifice should prevent plugging.

Whitewater showers pass a relatively high percentage of well-dispersed
individual fibers and fines. However, because nozzles will plug with fiber
bundles, pipe scale, and other contaminants, a whitewater strainer is re-
quired. Pressure filters are widely used in the protection of these showers,
normally after some type of primary clarification. This is generally ac-
cepted as the best method of assuring satisfactory operation of a shower
system.

e Steel industry: The steel industry is one of the largest users of
water, for cooling purposes. One typical application is in rolling
and drawing mills, where recirculated water cools the equipment
that farms the hot bars. As the water cascades over the rollers, it
carries scale from the bars, airborne contaminants, and grease into
a settling basin. At that point, most—but not all — contaminants and
particulates settle in the bottom of the basin. Suspended solids that
remain in the water must be removed before the water can be used.
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If not, the small water lines in the rollers and drawers would
quickly plug and cause extensive damage to the equipment; also,
the cooling water distribution system would foul. Filters are usually
installed immediately ahead of the rolling mills.

e Other industries: Many manufacturers use water to hydrostatically
test their equipment. To prevent solids buildup in expensive testing
equipment, the water is filtered between the collection sump and
feed line to the test rack.

Another application of water reuse is for lubrication of pump seals.
Again, this can be recirculated water or water from other processes. Most
manufacturers of pump and seal equipment recommend filtration to 10 um
to remove sand or grit that can score the pump shaft or damage the sealing
mechanism.

ROTARY-DRUM FILTERS

Rotary-drum filters constitute the countercurrent mode type and are
either vacuum- or pressure-operated. They are most frequently operated as
vacuum filters. Although operated under pressure, they are rarely subjected
to excessive pumping pressures. The principal advantage of these filters is
the continuity of their operation. Unfortunately, total filtration cycles are
limited to narrow time intervals. As such, it is necessary to maintain nearly
constant slurry properties. Changing slurry properties can lead to wide
variations in the required times for completing individual operations of the
filtration process.

For separating low-concentration, stratified suspensions, rotary-drum
filters are normally specified a submergence rate of 50%. Such slurries re-
quire only mild mixing to prevent particle settling. These filters are less
useful in handling polydispersions containing particles with wide size
ranges. Fouling by small soilds is a frequent problem in these latter cases.

Drum vacuum filters with external filtering surfaces are characterized by
the rate at which the drum is immersed in the suspension. These are per-
haps the most widely employed countercurrent operated filters in industry,
an example of which is shown in Figure 1.1. As shown, the design consists
of a hollow drum (1) with a slotted face, the outer periphery of which con-
tains shallow tray-shaped compartments (2). The filter cloth is supported by
a grid or a heavy screen, which lies over these compartments. The drum
rotates on a shaft with one end connected to the drive and the other to a hol-
low trunion adjoining to an automatic valve. The drum surface is partially
immersed in the suspension contained in the vessel (6). The cake formed on
the outer surface of the drum is removed by a scraper (7) as the drum
rotates.
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FIGURE 1.1. Rotary-drum vacuum filter with external filtration surface: (I) hollow
drum, (2) filtration compartments, (3) drive, (4) hollow trunion, (5) automatic valve, (6)
tank for suspension, and (7) knife for cake scraping.

Figure 1.2 shows a longitudinal view of the system. Each compartment
(2) of the drum (1) is connected through a pipe (3) passing through the hol-
low trunion (4) of the shaft (5), with the automatic valve (6). A stirring
device (7) is mounted under the drum to prevent particle settling.

A diagrammatic cross section of the filter is shown in Figure 1.3. As the
drum rotates clockwise, each compartment is connected by the pipe (2)
with different chambers of immobile parts of an automatic valve (4) and
passes in series through the following operating zones: filtration, first
dewatering washing, second dewatering, cake removal, and cloth regenera-
tion.

In the filtration zone, the compartment contacts the suspension in the tank
(11) and is connected to a pipe (10) hooked up to a vacuum source. The
filtrate is discharged through the pipe and space in the collector, and the
cake forms on the compartment’s surface. In the first dewatering zone, the
cake comes in contact with the atmosphere, and the compartment is con-
nected to the same space (10). Because of the vacuum, the air is drawn
through the cake, and, for maximum filtrate recovery, the compartment re-
mains connected to a collection port on the automatic valve.

In the washing zone the cake is washed by nozzles [or wash headers (8)].
The compartment is connected through a port (6), which is also tied into a
vacuum source. The wash liquor is removed in the other collector.



