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INTRODUCTION

Today the growing population and the advancement in agricultural
technology has resulted in a greatly diminished supply of potable water.
In many agricultural areas of the West and Midwest the groundwater level
is declining each year due mainly to the inereased use for irrigation.

In the coastal areas the lowering water table allows the intrusion of
salt water into heretofore fresh water aquifers. The reason the water
table is being lowered ig that the increased use has surpassed the capa=-
city of natural recharge resulting in the "mining" of water.

Surface reservoirs have been built to store irrigation water. These
artifieial detention structuies increase the amount of grounduater re-
charge and are able to supply water for a limited amount of irrigation,
However, storage reservoirs often cover some of the best agricultural soils
in the area and have a large loss of water to evaporation. 4 loss of water
occurs in transporting it through canal systems from the storage reservoir
to the irrigated area. Surplus water i1s dumped into major streans and
transported out of the area, thus leosing its economical value to the area.

The last twenty-five years has brought about what could be the answer
to the groundwater problem=——artificial recharge of surplus water into the
groundwater reservoir, This eliminates evaporation losses, allows the
Barth's surface to be used for other purposes, and maintains most of the
water in the area because the rate of flow in the groundwater reservoir

is less than one~half nile per year,



As of 1963, artifiecial groundwater recharge was being practiced in
twonty-six states. Three states were using it to prevent salt water in-
trusion, seven states to conserve witer, thirteen to solve specific prob-
lems, and three to improve the quality of groundweter (42). Basically
artificial recharge is done by three major methods: 1) water spreading;
2) digring detention reservoirs down to the gguifer and backfilling with
sand and gravel; and 3) recharging through wells.

Individuals such as J.R. Hubtchens (26) have successfully recharged
water through an irrigetion well for over ten years at an average yearly
cost of $500 per year, Mr, Hutchens has raised his water table 15 feet
and has noticed no detrimental effect even though he has no pre~treatment,
i.e. clarification, of water before recharging other than the use of a
detention reservoir. This, however, is rarely successful, Research by
Sniegocki at al. (40) end Hauser and Lotspeich (19) indicates that un=
treated raw water plugs the pore spaces in the aquifer and ruins the well,

They have found that if the water is treated before recharging through
wells, there is no detrimental effect, Whetstone (44) adds that water
carrying silt should not be used even in water spreading since the silt
filters out, narrowing the "necks" in the percolation tubes and reducing
the total voids by lodging in the interstices., Sniegocki et al. (40) and
Hauser and Lotspeich (19) are not in complete agreement regarding the
anount of itreatment necessary. Sniegocki et al. feél_that the recharged
water should have 5 or fewer pom of suspended sélids vhile Hlauser and
Lotspeich used 10 to 30 ppm in their work. This discrepancy canlprobably
be attributed more to a limiting size of the suspended solids than to the
anownt of turbidity in the water. The higher turbidity readings, 10 to

30 ppm, were used in research worl done in Texas on the Cgallala formation



which has a very high clay content while Sniegoecki et al, did their studies
in Arkansas vhere the clay content vas lower.

It is the goal of this type of research to see if an economical, eas-
ily operated pre-treatment system for raw water can be developed so that
recharge operations through wells can be established on an individual farm

level,



PURPOSE OF STUDY

The purpose of this study was to evaluate the filtration efficiency
of various filter cloths. This was done by:
1. Desipgning and building an apparatus for measuring the amount
of flow and turbidity removal obtained through a filter cloth
while maintaining constant pressure and concentration.
2. Analyzing the data fron several cloths for filtration and

performance.



REVIEW OF LITERATURE

It is generally agreed that some form of pre-treatment must occur
before excess surface water is artificeially recharged into the ground-
water., The degree and type of trestment varies, but Sniegocki et al. (40)
found that "the tests with the greatest degree of treatment had the least
plugging," There has to be a 1linit to the amount of treatment that is
both practical and economical, With these two factors in nind g review
of the literature was first conducted on the primary clarification tech-

niques.
Water Clarification Methods

The simplest form of clarifying turbid water is the use of a settling
basin, In these basing the fluid is allowed to come to rest so that the
suspended particles, which have a greater density than water, will settle
out, Ehlers and Steel (14) give recommendations for designing such a
structure, and they point out that the clay fraction will not settle out
because of the natural convection currents that occur in a reservoir.
Hormally this method i1s used ahead of a filter operation and is expedited
by the use of coagulants and flocculants. Hansen and Culp (17) ané Camp
(5) tried te apply the sedimentation theory to shallow trays. These
atterpts met with only linited success. Later Mansen et al, (18) de-

veloped shallow settling tubes which are now produced commercially,



Another technique often used is the addition of a coagulating or
floecculating compound., As mentioned before, this is used in conjunction
with a sedimentation chamber and usually with a filter. The tine neces—
sary for detention is controlled by the design of the detention structure
(18). in a series of research papers (9, 19, 20) a polyelectrolyte poly-
mer was used for removing sediments from playa lake water for groundwater
recharge., These polyelectrolyte polymers act as floceulating agents.
They are compounds of high molecular weight and differ from other poly-
ners in that they have an electrical charge., With a dose of 0.5 ppn of
‘a cationiec polyelectrolyte and 5 ppm of alum, laboratory tests showed a
reduction in suspended solids from 210 to 20 ppm {19).

The necessity of using two compounds for the removal of turbidity
is probably best explained by Riddick (35). He states that the zeta po-
tential (ZP) is a measure of the electrokinetic charge that surrounds
suspended particulate matter and that raw turbid water is predominantly
electronegative. The coarse fraction (Imm-1M) may be removed by an alum
dosage because of a low zeta potential. However, the fine fraction (hﬂ-—10ﬁ)
cannot be removed by the alum dosage because its electronegative ZP (15-25mv)
prevents agglomeration, This ZP must be lowered to O - 5 mv by an in-
organic coagulant and an organic polyelectrolyte.

Other studies (28) show that flocculation is also effective in re-
moving virus, bacteria, and larger micro-organisms. In general, the virus
and bacteria removal parallels the removel of turbidity,

The final filtration process is usually done with a porous media,
nornally sand. It is characterized as being either slow sand filtration

or fast sand filtration (14). Slow sand filters are used to clarify



water up to 50 ppm with no additional treatment., TFlow rates are low
(100-700 pal/day ftz),'but the period of operation is from three weeks
to several months (14, 24) before the filter needs to be cleaned.

Fast sand filtration consists of coagulation, sedimentation, and
filtration (14). The rate of filtration is frem 1-6 gal/min sz of sur-
face area, but the length of run is only around twenty-four hours, When
the system becomes plugged, some means of backflushing is necessary.

The explanation of the mechanisms by which the suspended particles
are removed in a porous media varies from author to author, Catlin (8)
feels that nost removal is by sedimentation; however, Curry et al, (11)
state that a filter removes suspenhded particles by mechanieal sieving or
interstitial straining near the surface, but lower in the filter, removal
is a combination of diffusion and gravitational settling. Ehlers (14)
gtates further that the small voids between grains act as sediment chan-
bers and that organic slimes and films that form on thé grains are sticky
so that the particles become gttached., He also says that the sand has a
charge opposite that on the colloidal particles so that they are attracted
to the sand grains., Craft (10) gives eight methods for particle removal:

1. Direct sieving.

2. Sedinmentation,

3. Inertial inpingement and centrifugal collection—as water

bends to pass an obstecle, the heavier suspended perticles
are forced to the outside,

L. Browmian noverment,

5. Diffusion caused by suspended particle concentration gra-

dient—diffusion to sinks where there is no flow.



6. Chance contact caused by converzence of fluid strean lines,

7. Van der wazl effects,

9. Electroliinetic effects.

These various nethods of removal and the problems caused by back-
washing have resulted in a number of different designs for the optinun
filter (2, 13, 21, 25, 31, 33, 36, 38).

A relatively new method of removing colloids from suspension is
electrophoresis. Hiler et al. (23) successfully removed kaolinite and
bentonite from suspension by this method, They found that the effluent
concentration decreased with an increasing electric field strength, bub
the electrolysis of the water molecules and the heat transfer losses
caused a reduction in the efficiency of turbidity removal at the higher
field strengths. The main problem with this method was one of cost and
operation,

Straining suspended particles fron a viscous fluid by a septum having
very small openings, while maintaining a high norosity, will be the last
clarification technigue discussed,

A microstrainer is one gystem that employs straining as a neans of
removal, IMicrostrainers are usually stainless steel mesh sereens ten
feet wide and ten feel in diameter and are limited structurally to re-
movins particles sreater than 30U (7). These larre drums are continually
rotated at appro:inately 3 RPI so that the only renoval 1s éone by strain-
ing at the sercen., These filters have been used in Zngland ahead of slow

and filters and at plants in Denver, Colorado (43). The initial cost

o

(#25,000) is very high, and they have an application in 2 range wlere

sedimentation is still quite rapid,



During World Var II the U.S. Army Snginesr Research & Development
Laborotories alongz uith private industry developed diatomite filter units
(27). These units use various diatomaceous earth materials as a precoat
on a wide variety of septum materials, The selection of the septun mater-
ial depends upon the nature of the contaminants of the water to be filtered
and the design of the filter used. In all cases, however, a good septum
is characterized by the following:

1. The ability to take an even precoat.

2. A nminimum tendency to allow blinding or fouling, that is,

blocking of the septun openings.

3. The ease of conplete removal of the filter cake upon cleaning,

L. The proper size and shape of the septum openings (27).

For the higher flow rate filter aids, the maximun safe spacing of the
filter septum openings is about 0,005 of an inch (127}1) (3, 27)e The
initial precoat forms on the septum analogous to show collecting on a
snow fence, After the precoat has been applied, it may or may not be
necessary to apply more filter aid along with the turbid fluid (3). This
depends upon the characteristics of the perticles to be removed, such'as
the porosity, size distribution, shape, et cetera. This type of filtra-
tion produces a high quality effluent because parﬁicleé down to 10 may
be removed by this nethod (4).

Other filter fabrics are used for the complete removal operation.

In 1ost caoses a filter aid is used to keep up the porosity in the filter
calte, but if the suspended particles are rigid and have a porosiﬁy of
thelr owm, this process may not be necessery. The theory, application,

and selection of filter cloths will be reviewed in detail.
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Filter Fabric Theory

For discussion purposes the filtration process can be considered
under three headings: 1) the filter medium, 2) the solid-liquid sus-
pension, or slurry, and 3) the filter cake. INone of these factors, of
course, can be considered in complete isolation since the filtration

process involves the interaction of 2ll three (34),

The Filter Mediunm

Perry (34) points out that in operation the resistance of the medium
to fluid flow is changed as perticles in the slurry are deposited on or
in it. Rushton et al, (37) state further that in many apolications the
resistance of the filter medium is considered to be negligible, but evi-
dence is available which suggests that the effective flow resistance of
the cloth after deposition is severzl times its clean value (6). Hermans
and Bredée (22) were the first to study this problem. They suggested two
possible mechanisms responsible for clogging of the filter media: 1) com-
plete blocking in which single particles somewhat larger than the holes
in the filter mediun plug up individual holes and 2) standard blockingz in
which particles smaller than the holes are attached to the fibers along
or within holes or to other particles previously retained, They showed
that for constant pressure filtration the inverse of the flow rate of the
filtrate was proportional to the volume of the filtrate raised by an ex-~
nonent, The exponent for complete blocking wns 2.0, for standerd blocke
ing 1.5, and for cake filtration 1.0. Grace (16) studied the incresse in
the resistance of a variety of types of filter nedia for very lov concen—

trations of solutions in the feed and showed that stendard blocking could
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account Tor the clogging of the filter media in his work, Saith (39)

rorns and the size distri-

(Y

states that the porosity and the tuist of the
bution of the solid particles undergoing filtration probably determine
what fraction is standard blocking. He states thal it is likely that

the mechanisn of conplete blocking domipnates the clogging Qf the small
passages between elements, while the mechanism of standard blocking doni-
nates the clogging of the large passages between yarns.

In the work of Kehat et al. (29) they used ground polystyrene in
water and tested the flow through filter cloths., They found that at the
beginning of the cycle, clogging of the filter cloth and bridzing of czke
over the filter cloth occur, After bridging is corpleted, no further
clogoing takes place and filtration begins. Fron their work two types of
experimental curves were obtained. For the csse where no bleeding occurs,
the rate of flovw decreases while clogging takes place, bub after a certain
anount of filtrate has passed through the filter, cake filtration begins.
The rate of flow continues to decrease but does so at a lower, straight
line rate. For the case where bleeding of particles through the filter
occurs, the flow rate decrease was slower during the eclogging, bridging,

and bleeding stage than during the subsequent cake filtration stage.

The Slurry

According to Perry (34) there seens to be no pubiished work which
predicts the way various properties such as the degree of flocculation,
size distribution, and crystal form of the precipitetes affect the fil-
tration process. Né infornmation regarding this could be found by this

writer cither.



The Filter Cole

The najor resistance to flow is due to the filbter cake uhich is
built up on the supporting medium (34). The ezrliest description of a
relation betuveen throughput and pressure difference in é porous bed was
given by Darcy (1, 34). He carried out experinents on water seepagze

through fine sand beds and developed the egquation:

sz.-—fip—- | (1)

vhere Q = Volune of water flowing in unit time
‘A = Area of the porous bed normal to the flow
AP = Pressure difference across the bed
L = Depth of the bed
K = Darcy's law coefficient.
By enalogy with Poiseuille's Law for fluid flow through circular
channels, it was realized that the viscosity of the fluid was also an

important parameter. The more general equation is:

Q= K1A-39LP—- (2)

vhere I{1 = Permeability coefficient

N = Fluld viscosity.
If Q is replaced by V/8, unhere V is the volume passed in time © and L by
vV/A, vhere v is the volume of czke formed per unit volume of slurry, the

rate of {low can be exprecssed ast

av. _ X,A% ap

ao nvv
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Integration of the preceeding equation gives:

8= Tl v 1]2 | (3)

- 2K APA®

However, proctical plant and experimental word: found the agrestent with
this equation to be poor. Sperry (41) found the disagreenment o be due
to nezlecling the rezistance to flow caused by the filter nedium,

Fron the design viewpoint the modified equstion 3 is of linited use
because the permeability coefficient Ky is not an easily measured property

of the systen. Kozeny (37) solved the MNavier—Stokes equation and found:

K, = —CE_
1 E2
where C = Dimensionless number, the Kozeny Constant
€ = Porosity of the bed, fraction of volume of voids to total volume
S = Surface area of solids per unit volume of the bed,

Carmen (6) later developed the well known Kozeny-Cermen equation:

By = "“%3—"2 (4)
385 (1~€)

where S = Specific surface of the solid, surface area per unit volune
ol solid,

Darcy's equation can now be written:

3 ap

Q= —£
-6, gL 2

In general it is asswied that the value of K1 is constant 2nd ecual
to 5, but thic value is only approximate and is acceptable where the PoTr=
ous riediun has a nean porosity and is made up of isometric particles.
Actually, if the particles show vlane gurfaces, sone of these surfoces

will be able to touch and are no longer exposed to the flow {/5).



14

MeGregor (32) found that in the porosity range of 0.5<€ < 0.2, K,
has an average value of 5.5, but at higher porosities K1 increases
rapidly.

Both Paird et al, (1) and Lee (30} worked on the variation of por-
osity within the filter cake. Baird says that most filter cakes show
sone degree of compressibility, and that in general, the porosity is
greater near the slurry-coke interfeoce than it is nesr the nedium, Vari-
ous explanations have been given for this effect, but if the particles
thenselves are considered incompressible, the cake compressibility is
most likely to be a& result of particle re-arrangement into a more closely
packed array. Baird's results showed that the compressibility of a fil-
ter cake 1s affected by the overall pressure drop and that a collapse
oceurs in the cake after a certain ceritical height has been reached.
Therefore, the porosity variation is not uniforn as had been previously
assumed, Baird also found that the minimum porosity in a filter cske is

not always adjacent to the medium,
Selection of Filter Medium

Most of this will be based on an article by French (15). The pur~
pose of his rerort was to show vhat is available in the field of filter
nedia and to give some guidelines that will aid in the selection of the
best mediwa for the filtration problemn,.

filter febrics consist of three forms of yarn (15):

1o lonofilanent - a synthetic fiber made in a single continu~

ous filament;
2. ultifilanent - a yarn made by twisting two or nore

continuous nonofilaments;
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3. OSpun-staple = a yarn made by twisting short lengths of

natural or synthetic fiber into a continuous strand.

Sore of the major comparisons between the three cloths are that the
monofilanent has the highest flow rete, allows minimum blinding within
the cloth, and has good cleaning and excellent cake-discharge character-
igtics, The multifilament has the greatest tensile strength of any of
the yarns and has better flow and cake-discharge than spun yarns. The
spun-staples have the best particle retention because of hairy filaments
and offer the best gasketing, or sealing, properties.,

Another factor to consider in filter selection is the weave of the
filter fabrics, The plain weave is the lowest in price, has the least
porosity, and has the greatest particle retentivity, This weave, how=
ever, is susceptible to blinding, or plugging, of the filter cloth by
solids., The chain weave has a lower tensile strength and less rstenti-
vity than the plain weave but offers greater resistance to blinding. The
twill weave has mediun retentivity and blinding properties, offers high
resistance to ebrasion, and has good flow rates. The satin weave has the
least particle retentivity of the basic weaves but offers superior cale-
release and the best resistance to blinding. A knit weave is usually
used behind a tight medium (one vhich has small pore openings) to pro-
vide drainage and to prevent the build-up of solids benezth the mediun.

Sone of the most commonly used filter febries are: cotton, polyester,
dynel, glass, nylon, acrylie, polyethylene, polypropylene, soren, teflon,
and polyvinyl chloride,

Cotton is the leader in the Tield because of its low price, It also

hos good abrasion resistance and offers good particle retention because
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of its hairy filaments. lNext to cotton, nylon claims the greatest usage
in the field because it has exceptionally good abrasion resistznce and
has a shooth surface for good cake-digcharze, FPolypropylene, although
relatively neu in the field, is fell to be én inportent synthetic in
the filter febrie field, It has the lowegt density of any synthetic fil-
ter cloth which results in greater cloth yield per pound of yarn used,
This 1s reflected not only in lower initial cost but also in shipping
charges. It presents a very sleek fiber for cake-discharge and retards-
tion of blinding. It also has good resistance to acids and hos a mois-
ture absorption value rated at less than 0.03%,
There are various important characteristies that need to be known
in order to nake the proper selection of the filter nmedium:
1e The type of equipment the cloth will be used on--this
deternines the tensile strength needed, abrasion re-
sistance required, resistance to failure caused by
flexing, and the ability to conform to the shape of
the unit;
2. The pH, temperature, and chemical cormposition of the
slurry to be filtered;
3¢ A knovledsge of the particle size distribution of the
slurry and the naximum particle size that can be al-
lowed to pass through the nediumm-this helps in de~
ternining the porosity of the fabric;
4o The nature of the solids, e.g. crystalline, granuler,
sliny, gelatinous—-this affects the norosity and weave

selection also,
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Yormally 1t is the user's preference for either maximun flow rate or
naztimyn filtrate clarity or some compronmise of these two factors that leads

to the final Tilter selection..
Rating of the Filter lledium

For filter cloths the Frazier air-porosity test is used to neasure
the poresity of a weave (15). For this test the Frazier Perneanmeter
measures the air flow in cublc feet per minute that passes throuch one
square fool of fabric at one~half inch of weler pressure. TFabrics with
retings of 1-10 cfnn are considered very tight, whereas cloths that test
at 450-500 cfm are extremely porous. There is no correlation between the
Frazier ratings and micron size retention, but the classification is use-
ful for specifying either a more open or tighter cloth as desired.

In the work by Rushton et al. (37).the porosity was found by:

€ = 4 . Bulk Density (6)

Solid Density

The bulk density was found by weighing a known arez of cloth after drying
to constant weight., The solid density can be supvlied by the namfacturer.
Rushton theh found that the permeability as predicted by the Davie's Equa-
tion, which is for air flov through randen beds of fibfoué raterials of
videly vorying physicel dinensions, satisfactorily predicted the perme-
ability of filtérs conposed of smooth, monofilarment fibers of siuzple weave
and for multifilaments of tight wesve which exhibit no interynrﬁ pores,
This eguation is:

d2

B = - -
64(1-€)1+° 1+56(1-€)° (7)

vhere B = Permenbility
d = Fiber dianetor.
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HATERIALS AD ITETHODS

Bguiprent

Tegt Loymoralus

The experinental apparatus, showm by a bloclt diagram in Plete I and
schernatically in Plate II, consisted of a feed tank, centrifugal punp,
nressure regulating valve, by-pass line, filter column, filter cloth end
support system, pressure gauge, and effluent tanl: in which the water
level was recorded by time. The system wes used as a laboratory model
to evaluate various fiiter cloths under simulated field conditions.

The feed tank was an oblong galvanized steel tank which was 36 inches

long by 22 inches wide by 22 inches deep. The water in this tank was con-
tinuously agitated by a paddle and re-cycled water. The paddle consisted
of two wood slats 2.75 inches wide and mounted on a 10.5 inch redius,
The paddle was rotated at 10 1/2 RPM by an electric rotor. Sufficient
agitation was desired to prevent any setiling in the feed tank., Water
Trom the tank was both withdrawm and re-cycled near the botton,

A Deupster centrifugal punp rated at 1/2 H.P. uas used for circula-

ting the water. The intcke line was 3/4 ineh galvanized pipe, and the

A

digchorge line concisted of 1 inch pipe and 3/2 inch flexible hosing.

-

A type I-/1 series 3 inch Cash Acme pressure regulating velve wes

used to maintain a constont pressure on the filter (¥1 nsi). The valve



had a delivery pressure range from 20 to 70 psi. Lower pressures could
be obtained by varying the amount of by-pass.
The filter eolwmn was designed to satisfy the following regquirements:
1. To hold the filter cloth in nlace across the face of the
flou.
2. To by-pass the water throush the filter colwmn vith suf-
ficient velocity to prevent settling in the lires and in
the colunn itself as much as possible.
‘3. To have sufficient length so that the veloeity would not
disturb any cake build-up,
e To provide a ileans for the water to be removed above the
cake after a run.
The last point is necessary so that the filter and cake could be removed
without being disturbed., Also, the design had to include provisiocns for
obtaining representative samples of the flow both above and below the
filter., The column used for the tests is shown schenatically in Plate II,
A 34 inch long galvenized pipe with a 2 inch dianeter was used for
the column. The top wes capped and the inlet hose was attached at this
point. A pressure gause was put in the center of the column, and a by-
pass line was attached at a point 4 inches below the pressure gaure and
at a 90° offset to the left, This line consisted of a flow rote valve, 3%;

sriell draw-off valve, 4; a lexd line to the first by-pass valve, 1; and

]

a by-ross line to the feed tenk., The lead line fron by-pass valve, 1, not

. o

only made it easier to begin a run while the water was being cireulated

o

® The nwiber indicators refer to the parts and locations as referred to
on Plate II,



20



*3TUn 3897 JOQTTF U3 JO WealeTp 3ooTq ¥

I ZIVId JO NOTIVIYIJY



—
L]

PLATE |

sue|

Buipuaooay TS

uaniy3g

NEFI]

pue
uwnj|od
1sa]

EYEN
Joreinbay
2JNSSaUd

dwind

?

Wue|
pos

AU ssed-Ag




22



EXFLANATION OF PLATE II

A schematic diagram of the filter test unit,
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for nixing, but it also made the control of the initial inlet water much
easier. This aided in the preventlon of surzing across the filier vhich
was necessary to allow the initial cake to deposit unifbrmly. Intering
the water Tirgt at this point also linited undue stresses on the cloth.
The small drav—off valve, L, was used to obtain samples of the influent,

It was thought thal this location would allow very representative samples
of the water going through the filter to be taken.

At the botton of the coluwn, a 5 inch square flange was attached. An
identieal flange was then fastened to another shkort colurm, These two
flanges were used to hold the filter cloth across the colwmn., A 10 nesh
galvanized screen was placed below the cloth for support, and soft rubber
on both sides of the filter and screen served as a gasket, The soft rub-
ber rolded around the screen to get a water-tight seal. The tuwo flanges
were then coupled by bolts at each eorner.

At a point 1 1/2 inches above the flange a smell draw-off volve, 5,
was attached. The only purpose of this valve was to drain the water above
the filter after a run.

The short coluan below the Tilter wos capped and had a 3/2 inch out-
let port ot the bottom, This port was used to take samples on the effluent
side of the filter. Normally though, the water left thé port and fell into
a itrough vhere it flowed by gravity to the effluent recording tonk.

The test columh was held in place by a verticsl 3/4 inch stecl rod
that vas atlached to a 3 foot square of 3/4 inch plywood,

The effluent reservoir consisted of a £ifty gollon barrel aﬁd a
Stevens Type T vater level recorder. The Stevens recorder was placed on

a platforn above the barrel to give a reading of the rise in the wnter



level with time, The barrel was ealibrated so that the anount of rise
could be ennhverted to usable vnitz., This information eould then be used

to deternine the flow rate at any tine during the test,

Turbiditr lonitor

The turbidity was neasured by a Moch turbidity meter, Thig neler
is an absorptometer, which means that the turbidiily is a neasure of the
amount of light absorption by the particles. The turbidity is neasured
in Jackson Turbidity Units (JTU), This type of meter does not work well

for turbidities less than 2 JTU,
Test Materiagls

Filter Cloths

Originel filter cloth sémples were obtained from Uniroyal Fiber and
Textile, Division of Uniroyal, Ine. The samples contained information on
thé fiber welght, weave, porosity, gauge, and grab strength. These sarmples
were evaluated for two importent parameters: 1) the permesbility of the
fabric and 2) the sleckness of the fibers, vhich indicates that the cloth
will discharge the filter calie well,

The Tilter cloths selected for use in the analysis had the following
perneabilities:

Te 541 10 feet2 for monofilament polypropylene 224 003 01;

2. .53 x 107 feet® for rultifilazent nylon 150 009 01

3. 5121077 feet2 for nultifilament polynroprlene 220 005 00;

he 42 % 1079 feet® for multifilament polypromylene 220 012 02.

Doth the nylon and polypronylene filter cloths meet the second requirement
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cince they have good celie-discharge characieristics,

The cloths uged in the filtration study wvere obtained from the

National Filter lledia Corporation, Salt Lake City, Utah,

Tegt Spil

The soil used for the experinent was topsoil obtained from the
Sandyland Ixperiment TField of Kensas State University. Only the portion
of the soil that pessed a 325 mesh (4LM) sieve uas used for the tests,
A standard hydrometer analysis was used to find the size distribubion of

.the so0il to be filtered, The average distribution is skowm on Plate III,

Test Hater

Kansas State University tap water was used as the slurry liquid.

Chlorine

Chlorox, a commercizl bleach, was added to the water in the feed
tan® by drip flow from an inverted bottle, The rate was adjusted so that

a positive chlorine residunl was maintained in the slurry to be filtered.

The chlorine was added to elininate bacberial growth in the feed woter,

Calron

For the early runs, Calgon, a commercially prepered wmter-softener,

uaa added Lo the feed tank solubion zt 0.17 concentration., The Os lgon was

a2ided z2s an 2id in keepin

&
b
®
0
o

1idc ip the feed tan: solution in suspen-

sion cince the sodiwn ions in the Calgon would replace any coleivn ions

surrounding the particles. The sodiwa reduced aggloneration of the particles
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EXPLANATION OF PLATE III

The average size distribution of the soil used as suspended

solids in the filtration tests.
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by inereasing the amount of electrical repulsion between the particles,
The use of Calgon wos discontinued after severel lests showed it caused

wsatisfactory results.

R,
sl



Yad
[

PROCEDURZE

Run Preporation

The soil used for the slurry was prepared for a run by collecting
the fines that passed a 325 mesh (44 ) U.S. Standard Sieve. The soil was
sieved for a neriod of 5 minubes through a series of nested sieves with a
RoTap, a mechonical shalting device, The low sieving tire was used to linit
the number of particles having a diameter approxinmately the size of the
sieve opeﬁings of LAp. The collected fines were welighed and added to the
fifty gallons of water in the feed tank at the rate of 0,6505 grams of
soil for each ppm of turbidity desired. Runs were made with 32.50 and
65.05 grams of soil to obtain epproximately 50 and 100 ppm turbidity re-
spectively., The ﬁpper linit value was later adjusted to 80.0 grams, The
soll was dispersed first by stirring it in 500 1 of tap water, This solu-
tion was then poured slowly into the water in the feed tank. Both re-
cyeling and stirring were started before the solution was zdded. Care wms
talen to add the solution directly in front of the rotating paddles so that
the particles would not settle to the botton of the feed tank before be-
coning dispersed, The slurry was then re-cycled and stirred for an hour
before the beginning of & rwn. This wes done to allow the particles to
becone wnifornly distributed in the feed tank solubtion, |

After the solution had been prepared, the filter cloth to be used

for the run was weighed dry, and the weight was recorded, The filter
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cloth was then placed over the 10 mech screen end fixed in place belween
the two {langes on the test coluan, Each run was started with a clean,
dry filter cloth.

The effluent tank was then filled with tap water to a level 4 inches
above the botton of the barrel. The hoge froz the grevity flow pipe was
placed doun to the bottom of the barrel to dampen surface notion in the
tank as woter flowed from the gravity troush into the tenk, The float
from the Stevens recorder was then placed in the weter, and the recording
pen was placed at the beginning of the chart,

After completion of thése prelininary steps, the system vas ready

to bezin a run,
The Bum

Imnediately prior to the beginning of a run, a feed tank sarple was
teken at the draw—off valve, 4, Plate II, The flow rate valve, 3, Plate
II, was then slowly opened to allow water into the filter colwm. The wa-
ter was first adnitted slowly to reduce surging and possible air binding
across the Tilter. At the moment water started flowing on the effluent
side of the filter, a stop uwatch waes used to begin tining the test. Once
the conditions in the column had becone somewhat stabilized, valve 2 was
opened and valve 1 was closed. The regulating valve and valve 3 were then
adjusted so that the desired pressure on the influent side wmg obtained
for the test. Effluent samples were talen at nort 6 at time intervals of
0.5, 2, 5, 10, 20, 30, and 60 ninutes fron the start of a run. After this,
sarples were talien fros both points 4 and 6 at one hour intervals for the

me

Tirst Three to four hours. Samples were obtained ot random througheut the
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duration of the rmmn ofter the initial four hours. The sarples were col-
lected in two ounce, wide-nouth bottles., Temperature neasurements were
talien inmediately after collection of the effluent sample, and both the
influeﬁt and efiluent samples were used for turbidity nmeasurementz, All
of the samples were labeled as influent or effluent, and the tine thkat the
sanple was teken was recorded,

The total flow passing through the filter was collected in the ef-
Tluent tank where the Stevens recorder plotted the rise in the water level
with time. This plotting was used to-show clearly what was hapoening to

the flow during the run.

Bun Cormlevion

The pump was shut off after nearly twenty-four hours of filtration.
4 short tine was allowed after a run for particles kept in suspension a-
bove the filter to setile out on the cake, It was necessary to do this
because a high concentratibn of particles formed above the cgke, which
possibly was a result of a small amount of turbulence in the column,
Valve 4 was opened to allow air into the colwmn, and then valve 5 was
opened to drain the water above the filter and filter cake, After this
stage was completed, the filter c¢loth was removed from the column. Care
was telen at this point to slowly disassemble the flanges in order to
drain any water remaining above the cake without carrying a significent
anount of calie with it. The filter cloth and ezlie were then air dried
and veizhed to obtain the amount of soil removed,

The chart on the Stevens recorder ims removed. Several points fron

the chart were plotted on linear greph paper in converted wnits of gallons
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per foot squared of filter cloth versus tine in ninutes.
Both the feed tank and the effluent reserveir were emptied and washed
at this point. They were re~filled with water in the nanner discussed nre-

viously to prepare them for the next run,
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RESULTS AI'D DISCUSSICI

A total of twenty-five tests were run in this study; however, soue
of the tests were affected by various extraneous feoclors and could not be
used for a filtretion analysis. These factors and the reasens they oc-
curred will be explained,

For the tests in which Calgon was added to the feed tank as an 2id
in keeping the suspended solidS'disperéed, a sudden drop in the flov oc-
curred after a few hours. Beyond this point essentially no flow was ob-
toined through the cloth, It was felt initially that the sodiunm ions from
the Calgon were causing the collected sollds to remain disrersed after
forming on the cagke., This factor would increased the tortuosity of the
water flowing through the czke and decrease the anount of flow., This was
found to be an unjustifiable conclusion by several observations. Firgt,
the Calgon uns added prior to begihning a run, and the sudden drop ocecurred
a few hours after the test had begun. This factor indicates that is was
not a result of dispersion in the coke, If it had been, the flow rates
wowld have continually decrecsed during the run rother than aropping off
suddenly,

Second, clean filters were put into the systen using a feed ten:
slurry which had already rcached this state from a previous run. Agcin
"no flov" conditions resulted, but this tine they occurred before any cok
ez able to fori on the filter septums This indicotes that it was not a

propert; of the suspended solids in the cake., It was thought that perhaps
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bacteria were causing the filter cale to clog. To eliminate this, Chlorox
wns added to the fecd tank solution, but again the condition persisted.

Finally, it was observed that a white precipitate had forred on the

ales vhen Calgon was used. These precipitates were not analyzed as to
cherical composition.

It is not lmowm why the condition did oceur and wvhether or not the
precinitate formed had sufficient stréngth ;; piug the peres both in the
ccke and on the filter or whether the "no flow" condition that reculted
vas even a by-product of the precipitate., This affect on the filtration
process resulted in discontinuing the use of Calgon in the feed tank Le~
cause it entered an artificlal, unaccountable factor into the filirstion
analysis,

Two other factors also nade it unjustifiable to use the test runs
in the filtration anslysis. The first factor was that the monofilanment
polypropylene 224 003 01 was not able to remove the suspendeé solids fron
the slurry for the size distribution of particles used in the tests, Thig
is shown in Plate IV vhere the flow continues at & nezrly constant rate
throughout the duration of a run and again in Plate VI where it can be
noted that little turbidity remeval occurred. The use of this cloth wss
digeontinued because the pore openings were too large for the partiecles
to bridge and blocl: and thus esteblish a base for forming a cele,

The second factor is that the 45 psi nressure siressed the Cibers
t

in the cloths so that again the openings betueen the Fibers becane too

large for a calte to forn. This is apparent fron Plates IV and VI for the

-

rultifilament polynronylene 220 005 00, After elininating the test runs for

the oforenentioned reasons, ten test runs remained for Tiltration analysis.
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Rushion et al. (37) and Kehot et al. (29) used the rcheral form of

the elassienl filtretion equation:
V-+el-b=0 ()
27
vhere g = —gadi—
C»]Q(
b ¢5294AF
C1cx,u
for the case of constant precsure drop aceross the growing filter czke,

Surface area of cloth, or

te-
t

2
Pressure drop, dynes/cm

D
d
1

8 = time, seconds

C, = Concentration of solids in slurry, gu/er’

"

Calie resistance, cm/gm
Viscosity of fluid, gn/cm sec.

1

o
=
R = Resistance of cloth, cm .

Rushton gstates further thal the resistance of the filter medium is
considered negligible in many appliecations. FEis work indicates that f£il-
ter cloths similar to these used in this work have a nazimun value of
Rz 5151 = 10-6 er™1 yhich would be insignificont for the accurscy ob-
taineble in nost weork,

If the recistence of the cloth is assuned neglipible, equation 7 now

LY

becores:
LR (9)
and when eonverted to the wnits used in this stwdy, it is:

72
Vz = 5,060 % 107 -éﬂiiﬁ--.e (10)



vhere A = Aren, 12

B
1

o)
P = Pressure drop, pound/in”

1= Conecentration of solids in slurry, gr/gzal

€ = Tire, ninutes

® = Cale recistance, £t/pound
M= Vigcosity, pound sec/sq. .
R = Resistance of cloth, =T,

Defining equation 3 further, we find thet a wniit area A of filter
cloth was used with a constant pressure drop AP for a run, The flovw
through the cloth was also adjusted to a standard temperature (62°F) to
set M equal to a constant. llow if it is asswzed that Gy and X renmain

constant, equation 10 takes on the form:

T° = Ke
vhich cah be written:
V= K1e—£’;r (11)
vhere
K, = (5.868 x 107APAP/C % 2 (12)

1
The assurption that Cq and & are constant is valid if the concentra-
- tion of suspended solids in the slurry inpinging upon the cake and filter
remein constont and if the porosity of the formed coke is wniform. The
validity of these ascunptions will be discussed later,

Values for K‘I were found by [itting equation 11 to the data plotied
on log log paper of @ versus V. The equations obtained are shown on Plates
I7, VII, and X along with point plots alons the curves, In sone eases,

\
) i : ;
e.fe V= 14,168 = 110 on Plate IV, a constent 1ms added at the end of the

equation to shift the voint plots up or down the abseissa, The use of a



constant at the end was felt to be justifiable tn account for diserepan—
cies occurring at the bezinning of the filtration cycle, These digere-
pancies are tuo~fold: 1) they were a property of the systen and operator
for the run, thus being completely independent of the filter cloth; and

2) they vere a property of the cloth during the blocking, bridging, and
bleeding stage at the beginning of the filtration c¢ycle. The first dis-
erepancy resulted becouce the system was linited by design for the maxinun
flow that could be obtained. This created a time lag in bringing the sys-
tenm up to the pressure for which the test was to be run. The result is a
loss of flow through the cloth before the czke filtration stage tzakes over.
The operator also creates an error, the meghitude of which is proportional
to the speed at which the valves are opened or closed while bringing the
run up to the desired operating pressure.

The second discrepancy is dependent upon the cloth and is a function
of ‘the openings between the fibers, the weave, and the twist of the fibers
(see pose 9).  All of these factors determine the rate at which eake fil-
trotion develops control over the filtration process.

By examination of Plates IV, VII, and X we can see that good zgree-
ment is obtained between theoretical and experinentzal values and that the

assuption that R is negligible is sufficient for predicting the filtration

for the different pressures if the cake is corpressible, This is based
Turther on the assurption that the size distribution of suspended solids

in the slurry is nearly the sane betucen tests.



As stoted previously, the area A, the pressure drop AP, and the
viscocity g4 are the same for runs at the sane pressure, Therefore, these
terms of equation 10 are controlled by the syster. This leaves only the
velues C1 and X to define.

If it is sssured thot G4 remains constant throuchout a run, there
are two nethods by which a value for 01 nay be deternined, The first of
these vas established before the run began when a known amount of soil
and water was put into the feed tenk, Thesze tuo values could then be used
to deternine a value of 01. The second method consisted of weighing the
arount of soil collected on the filter and conbining this with the data
from the Stevens recorder for total flow. The values obtained for Cq by
both mnethod I and method II are shown in Tatle 1. Iﬁ can be seen fronm
Table 1 that method I and method II sometimes differed by an order of mag-
nitude. This is particularly true for the tests run at 5 psi.

This discrepancy between the methods can be explained., Plates VI,
IX, and XIT show that in most cases, particles bleed through the cloth
throughout o run., This bleeding causes method I to be in error since no
allowance is made for perticles passing through the filter, Alsc, sedi-
mentation occurred in the column os the water was being re-cycled above
the filter, This is shown in Table 1 when the amount removed, neasured
by welghing the coke, has a value greater then tlieoreticzlly predictable
by wethod I, This con be verified also by the fact that the turbidity on
the influcnty side decreased during a run, and thot no noticesble sedinen-
tabion occurred in the feed tard,

Since Cp = f(colie build-up), it was felt thet the use of nethod IT

vias nore justifiable, Speclal note should be rede that method T would
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Table 1

Concentration of solids in feed tank slurry by two methods.

Cloth Cloth Test Soil to  liethed I Soil eol- Total llethod II
met, nwihber  press. 50 gal, C, lected on Tlow C4
£ilter tost

psi. grais gn/ral grans gal en/gal

Poly 22001202 5 32.5 0.6505  11.93 8.2 132
Poly 22001202 5 30,2 0.60.0 2.46 8.0 1.14
Poly 22001202 15 32.5 0.6505 1Tk r—
Poly 22001202 30 32,5 0.6505 12,68 = 19,4 0.618
Nylon 15000901 5 325 0.6505 11.52 10,9 1.05
¥ylon 15000901 15 20,0 1,60 26.10 645 L02
Hylon 15000901 15 32.0 0.6400 15,83 28,2 0.580
Nylon 15000901 30 32,5  0.6505  11.55 2L, 0.424
Poly 20070500 15 3.76 19,6 0,323

Poly 22000500 30 32.5 0.6505 12,50 16,7 0.745




have been ecsicer Lo use for defining the results since the veolue was
necrly constant between runs,

After determining a value for G4, X remnins the only undefined tern
in equation 10 and should be the value thal is cenpareble in the results
of the differenv filtration tests. Solving equation 12 for & we have:

a6% . 40747 AP
o = i—%_ /;-rr;'t)q
177

The values determined for & zre shown in Table 2, The results show
that & increases with pressure as night be expected since sone compression
should occur with incrsased pressure. The values of © at the 15 psi level
agree very well except for the nultifilament polypropylene 220 005 00, The
large discrepancy by this filter cloth resulted when the test iwms run using
the slurry left in the feed tank from a previous run, The suspended solids
left in the slurry would have a finer size distribution; larger particles
gettled out in the column durinz the previous run which would ccuse the
resistance to flov in the calre (X) %o increase.

The differences in the valucs obtained for of nosszibly are a result
of variztions in 01 during a run and the averaging rethod applied to es-

tabligh C The variation at the 5 psi level could possibly be guite large

T
because nost of the sedinmentation would occur in the early stasces of the
runy loter the C4 value would correspond nore to the value delermined by
nethod I, These fluctuabions would cause X to vary greatly also because
the lavger particles would tend to form on the cclie early, and a finer

distribution of particles would riake up the latter stages of the eake.

At 30 psi, though, the discrepancy may be explained by observation

ol the calie once it had dried. At this high pressure level, it wos pare



ticularly noticeable that pockets forrmed in the cake next to the eloth,

These pocliets forned uhen partieles in this region were zble to bleed
through the cloth after they had once collected as ceke, This resulis
in wesal: points in the cale, and the degree of this factor could cause
variations in the deternined value of &,

rther analysis of & reveals that the mean values of &, at each
pressure level shown in Table 2, become linear when plotted acainst the
square of the absolute pressure as shown in Plate XIII, Tt follows that

&< can be nredicted by the equation:

(5]
X = 1,55 x 104P;b + 8.1 x 106 (13)
where & = Resistence, ft/1b
)
P, = Absolute pressure above filter ceke, psi,
This result is significant if further testing shows that the resis-

tance to flow for any seil can clearly be defined as an equation of the
form:
= oP%, +d (14)
wvhere ¢ and d = Constants dependent upon size distribution, the
porosity, the state of agglomeration, et cetera.

This relotionghip would be useful in several fields other thon in

H

iltretion since deternmining o ait any two points would determine the
value at any pregsure,

As disecussed previously, sericus errors could have resulted in as-
swwiine 01 cnd &X to be consltant throuchout a run, However, these errors
lend to conlement one another so that the value C4SX renmains fairly con-
stant within the 1i:its of thece tests, Tor emanple, 1

the turbidity in the fecd tank drops, this is a resut of settling by the
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Teble 2

Comparismn of values calculated from the filtrestion equati

Cloth Cloth Filtration

material number pressure K, C1 Correction
Poly 22001202 z 8.2 132 .156 +25
Poly 22001202 5 8,22 1,14 190 —
Poly 22001202 15 17,81 6505 ,216 -5
Poly 22001202 30 17,63 618 .433 +120
Nylon 15000901 5 10,93  1.05  .110 -20
Nylon 15000901 15 18,48 .580  .210 -155
Nylon 15000901 19 7.02 4,02 ,210

Nylon 15000901 30 22,35 24 0393 +130
Poly 22000500 15 1416 323 643 -110

Pnly 22000500 30 1845 Bt I v
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larger particles. This reduction in solids lowers C,; however, since the
selids Yeft are Tiner, the ealte formed will have = lorger value for X,
Control nethods should be introduced into any furtker studles to nullify
veriations in G4 and &,

The previoug discussicn leads to one impertant thousht, If the en-
tire filtratiosn process is controlled by the ecke, then it would be a

relatively gisple natter of deseribing Cq and o or a combination of Gy

to predict the filtration retes of any rav-water for any soils.

Turhidit~ Rernoval ond Mo Rotes

From Plates VI, IX, and XII it can be seen that the filter cloths

in this study are capable of removing rmch turbidity from the weter, Dy
visual observation of the cales, it appears that nesrly all of the suspended
solids are removed by the cake, but turbidity is neasured in the effluent
because pariicles already formed as calte bleed through wesk points in the

filter septum as mentioned earlier., The amount of turbidity reduction is
then dependent upon the number of wealk noints in the cloth, This factor
varies with the cloth and the pressure, The greatest turbidity removal
occurred at 15 psil. Greater turbidity in the effluent at 30 psi can he
explained by stresses on the fibers of the cloth. At 5 psi no substantial

explanation can be offerred for less turbidity reduction withoul further

The {low rates throuch the eloths are showm on Plates V, VIII, and
I, =n2 o5 would be anticipated they continue to decrecge th roushout the

ran, At the end of twenty-Tovr hours the values vary from .10 %o 34 mpn

per cquare foot of filter, These values are 271 dependent upon the factors



rentioned earlicr, These volues of the floy rate would nean Tron 1440

to 400 ¢allong per doyr per square fool which is vwithin the flovw rance

&

of slou sené filters.



STIARY AD CCNCLUSICH

Tuenty-{ive teste were run in the filtration analysis of four Jif-
Terent rilter cloths. Some of the tests, however, could not be used in
the enalysis because of various exbraneous factors, These foetors con~
cistel of usinz Calgon in the feed tank, testing a filter cloth in which
the pores were too lerge to trap the particles, and using too high of a
pressure which stressed the fibers in the filter cloths.

When Calgon was used as an aid to keep the particles in the feed
tanlz in suspensicn, a sudden drop in the flow would occur after a few
hours. These tests were not used in the filtretion analysis beczuse the
Calgon added an artificial, undefined paraneter to the filtration process.
Other tests glso were not used in the analysis including the tests invol-
ving the monofilanent polypreprlene filter 224 003 01 which had pore open-
ings wvhich were too lerge to permit clogging and bridging of the particles
on the cloth, The tests run at 45 psi were not used beecause the eloths
becane stretched so thot once again bridging and elogging could not occur.

In the ten tests used for the study, it wes found that the filtratien
process could be erplained by the equation:

VT L

rt
wheme o = —00 AR
\.10(

2
5.0 x 107 H.047

o
i



for +hich & = Areo, square leet
& = Tine, ninutes

C4= Concentration of solids in the slurry

P
*
!

= Presgure drop, 1b/inch?

o = Cplre resistance, £t/1b
M= Tiscosity, 1b sec/ 7
R = Resistance of cloth, £t .,

The riiddle term of the preceeding equation wes neglected when it wms
found justifioble to consider R te be ingignificant. The ecuaticns de-
veloped tool: on the form:

V= K68

This neans the complete filtration process is controlled by the cake, It
wos necesscry for some cf the equations te add or sublract az constant to
adjust the theoretical curve up or down the abscissa, This was justified
because of linitations in the system for testinz and variations in the
rate of blocking and bridging of particles upon which a ceke could form.

Values for C1 were obtained by weighing the soil that collected upon
the filter cloth for a knowm quantity of water pacsing through the filter,
Finding C1 by this nethod wes baced upon the asswiption that G1 voz con-
stant throvghout the run. This assumption wms not coimletely net because
setiline occurred in the column akove the filter,

The only undefined varisble remaining was ®. It was deternined by

the equation:

o= 5,008 x 107 Al

C &
15
The volues obtoined for & inerensed with pressure, vhich indicoted

that the filtcr coke wes coupressible, but differences occurved in & ab
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the sane test pressures. At the lowest pressure (5 psi) the dizerepancies
vere rossibly a result of the large veriations ip C1 that would occur due
to settling in the coluwn in the early stoges, and a finer size distribu-
tion of particles in the latter stages of the run. Discrepancies occurred
at the highest pressure (30 psi) because observation of the calke after
drying revealed thot poclets formed in the cake directly above the filter.
These pockets were a result of particles bleeding through stressed areas
off the eloth af"ter once having formed as cake., They created variations
in the cale and could account for variations in determined &,

When the increase of O with pressure wzs analyzed further, it was
found that €4 could be predicted by the equation:

X= 1.55 x 104 P2y + 8.1 = 10°

vhere < = lesistance, ft/1b

P2

ap = Absolute pressure above filter cake, psi.
This equation would be significant if further testing would prove X varies
in a manner analogous to it.

The following are sone conclusioné vhich can be drawn within the
lirits of thiese experinents:

1 TFor the filter cloths and pressure ranges tested, the
Tiltration wes controlled by the filter cake after

bridging and blocking were conpleted., Thus, the re—

sistance of the filter nediw: can be considered nepli-

2. The filter cloth Ig only a septuz woon vhich a eske forns.

3. The initial flow throush the filter clothis was depen-

-

dent upon the bridging, blocking, and bleeding character-

~

istic of the individusl cloth and linitations in the systen.
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The mechaniccl straining of the fillter cloth 1s capable
of turbidity removal, but necrly 21l of the turbidity
is removed in the cake., The turbidiiy on the eflfluent
side 1s also subject to bleeding of particles throuch
the filter cloth after they were once Tormed as colie.
The filter cake 1s conpressible over the tressure ranges
tested, and the increcced resistance to flow in the coke
varies linearly as a function of the absolute pressure
squared,

The filtration process can be described mathemetically
if the values of the coucentration of the particles

in the solution (01) and the resistance to flow in the
filter cake (X) are known.

The flow rates obtained for the cloths tested were com-

parable to slow sand filters,



SUGGESTICYS FOR FUTURS RISZARCH

The nanner in wvhich filter cloths can be used in filtration is
quite versatile., It is suggested that any further testing of filter
cloths be approached in either of the two following weys., The first
would use a tight filter medium through vhich little, if any, bleeding
of particles would occur. With this t:me of systern the cloth could
be exposed to the flow for short periodé of tize only before clean-
ing would be necessary. This type of filtration would be dependent
upon the filter cloth olone since a czke would not have time to forn,
The gecond method of testing would involve the use of an Béen filter
cloth with filter aids added to the slurry to be filtered, The fil-
ter aids would inecrease the porosity in the filter cake., This type
of systen would be used for longer periods of tine,

It is further recomiended thet the relotionship between the cale
resistance and the absolute prensure above the filter cale be tested

using various soils ond size distributions.

~3
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ABSTRACT

The purpose of this study was to analyze the filtration performance
of four different filter fabrics. These filter cloths consisted of the
following: one monofilament polypropylene cloth, two rultifilarent poly—
propylene cloths of different perosities, and one multifilament nylon
cloth, For testing these cloths the apparatus was composed of a feed
tank, a centrifugel pump, a pressure regulating valve, a pressure gauge,
a column two inches in diameter to support the filter cloth, and an ef-
fluent tank in which the water level was recorded by time,

Top soil, which was obtained from the Sandyland Experiment Field of
Kansas State University, was rotapped through a nested set of sieves for
5 minutes. The fines that passed the 325 mesh (44 M) sieve were added
to 50 gallons of water in the feed tank at concentrations of 32,5 or
80,0 grams. The soil was kept in suspension by mechanical agitation and
re~cycling, Chlorox was added to retard bacterial growth,

Each cloth was tested in the system at constant pressures of 5, 15,
and 30 psi for twenty-{four hours. During the test, samples were talen
ahead of and Eehind the filter to measure the temperature and turbidity
while the total {low was measured in the effluent reservoir by a Steven's
Type F water level recorder. At the end of the run the filter cloth and
cake which had been formed by the removal of any suspended solids fron

the influent feed were dried and weighed,



The results of the tests showed that the flow through the filter
could be mathematically predicted, This finding was signifiecont because
the filtration was found to be dependent upon the cake and independent
of the filter cloth, Therefore, the only requirement in seleecting the
filter cloth is that the pore openings in the cloth be small encugh to
allow the formation of a cake,

The filter cake was found to be compressible as the pressure was
increased, and the resistance to flow in the cake, a result of the com-
pressibility, increased linearly as a function of the absolute pressure
squared., Therefore, at incressed pressure the flow through the filter
is not directly provortional to the pressure drop but is also dependent
upon the resistance to flow in the cake as described previously.

The samples taken ahead of and behind the filter showed that large
amounts of turbidity could be removed by this filtration technique, The
turbidity measurements, after cake filtration had begun, indicated that
nost of the turbidity is removed in the cake, Observation of the dried
cake reveals that some particles bleed through the cloth after once having
formed as cake.

Further study is suggested for using filter =ids to increase the
porosity in the filter cake. Additional research would also be valuable
in testing the hypothesis that the resistance to flow in the cake is a

function of the absolute pressure.



