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1
I. TINTRODUCTION
A. Permeability

The ability of porous.material such as diatomite or
soill to transmit a liquid ﬁnder the influence of a pressure
differential or hydraulic gradient is terméd ﬁhe‘permea—
bility of the material (7). The term "permeability" is
often used as a synonym for "coefficient of permeability".
The coefficient of permeability has dimensionalrunits of
velocity (length/time) and is usually stated as a flow rate
per unit area produced by a hydraulic gradient of uhity.

It is well established ﬁhat the flow of water through a
filter at rates common in diatomite filtration practice is in
the laminar or streamline flow range and obeys Darcy's law
(3). For laminar-flow, Darcy's law states that the velocity
of flow through a porous medium is proportional to some con-

stant times the hydraulic gradient, or:
V = K.S ' : 1
o | (1)

Where:
V = velocity of approach of water to ﬁedium, ft/day

K_ = coefficient of permeability, £t°/day/sq ft at unit
hydraulic gradient, and'

S = glope ratio of the hydraulic gradient.

Many workers have observed that the head loss through



clean sand or diatomite is proportional to rate of flow and
to the depth or thickness of filter medium (2). Since Qp =

AV and S = h/L, we may rewrite Equation (1) as follows:

KbAh |
QT = KpAS = _?;_,‘ \ ' (2)
Where:
Qp = filtration rate, ftB/day
A = filter area, sq ft
h = head loss through filter, ft of water
L = thickness of filter ¢take or media, ft.

Permeabiiity denotes the capacity of a porous media
such as filter aid to conduct or.discharge water under.a
hydraulic gradient. Coarse-grained filter aids are highly
pervious and havé‘correSpondingly high permeability coef-
ficients. With fine-grained filter aids, céke porosity may
remain high, but their permeability will be reduced. This
indication that permeability_varied.with particie size 1is
in accord with our knowiedge of laminar flow in small tubes
or caﬁillaries.

-In this thesis, the permeability of a filter aid was
measured DY determining the rate of flow under constant head
conditions through a given area of filter cake containing a

fixed weight of filter aid in a constant head permeameter and

also by means of a special filter recommended for use in



_determining a K3 impermeability coefficient of filter alds.

The permeablility of akdiatomite filter aid may not be
constant. It is affected, among 6ther things, by the density
of the filter aid in the filter cake. This is due to the |
fact that with compaction the diameter Qf the pore passages
changes. When different methods of preéoating a septum are
employed (i.e. different filter—aid slurry concentration,
different flow rates during precoat application, etc.),
different filter cake densities may be expected. Changes in
filter éake permeabllity under such conditions have‘been
studied by others (1). | |

When filter cake permeability studies are conducted
under exactly similar conditions, reproducible permeability
results are obtained (7). As a result of such studies,
research personnel recommended use of a épecific test and
apparatus to be used to determine the permeability of filter
aids (3). |

Use of this test and apparatus on the same sample of
filter aid at other locatioms with different waters did not
produce results wnich were similar, but the results using
any speéific water were reproducible, Since the only variable
involved appeared to be in the dissolved mineral matter in
the test water, the question was raised as to whether varia-
tions in the chemicals in true solution in the test water

could significantly affect filter cake permeability. If



different cations and anions could and would cause a differ-
ence in thickness of the filter cake or in the 'structure of

the fixed layer around a filter aid particle, the pore space
available for flow might be changéd together with a compar-

able change in the filter cake pérmeability.

If such effects exist and are significént, the water-
works industry will have to redirect thelr approach now
being made to develop a standard test to determine the
filtrability of water (12), and wi11 need to modify the
Iowa State University test procedure for determining filter

aid permeability to provide for use of a standard water (3).

B. Purpose of This Thesis

The purpose of this study is to investigate the effectl
of different cations and anions composing the dissolved
solids present in water on the permeabiiity of a diatomite
filter cake. The study was conducted in several phases:

1. A constant head permeameter was developed and used
to give a qualitative effect of cations and anions on
diatomite filter cake permeability.

2. Qualitative runs were made with specific cations and
anions in several concentrations to determine the a
magnitude of permeability change to befexpeéted.

3. The apparatus and test procedures Were'modified to

increase the degree of accuracy in the range in which the



experiments were condﬁcted. _

| 4, Tests were conducted‘with thg constant head permea-
meter and a newly—aevgloped K3 filter to evaluate the
quantitative effects of dissolved cations and anions in both
natural and laboratory prepared water on the permeability

of a diatomite filter aild.

Some important factors influencing .the capacity of
diatomite filters are the following: filtration pressure,
filtef area, welght of precoat, precoating rate, grade of
filter aid, body feed (if any), characteristic of raW'water,
- type of septum, salt concentrétion in the filtrate, time |
of filtration and temperature. The tests conducted in this -
study were designed so that only the effect of salt con-
centration would be involved in affecting filter cake
permeability.

Some of the chemicals used in this study in true solu-
tions were: sodium chloride, sodium hydroxide; magnesium

sulfate, aluminum chloride and potassium sulfate.
C. Diatomite

Diatomite is a soft, earthy rock, varying in color from
pure white through yellow buff, green, gray, to brown. The
outstanding features of diatomite include its high porosity
and high permeability, low apparent density, relative chemical

inertness, and a high melting point, about 1500°C. It has



been calculated that 1 in3 of diatomite consists of the
skeletons of 40-70 million diatoms (15). Approximately 10,000
distinct species of diatoms have been reported with sizes
varying from 0.1 to 0.005 mm. Diatomite weighs approximately
7 1bs/ft2 dry and loose, approximately 16 1bs/ft” when packed
by wetting and up to 20 1b's/ft3 in a filter cake (15). It

has a specific gravity of approximately 2.35 and a filter

cake porosity of 88 to 90 per cent (15).

Diatomaceous earth, commonly known as diatomite or
diatomaceous silica, has been used in the filtration of sugars,
paints, oils, and other substances. It is only during recent
years that it has been used in the filtration of water. The
Water Supply Branch of the Engineering'Research and Develop-
ment Laboratories of the U. 3. Army utilized a pressure-type
filter employing diatomaceous éarth filter aid to successfully

remove Entamoeba hisgtolytica cysts and Shistosoma cercarie from

water for field trooﬁs in 1944, Furthefmore, the removals

of these organisms was accomplished at ratésxof flow much
higher than those.used on gravity flow rapid sand filters,

or on ﬁressure type sand filters. As a result, the use of
diatomite for water filtration expanded rapidly following the
war, first for use in filtering swimming pool water and then

for filtering potable water for municipal and industrial use.



D. Chemical Properties of Diatomite

Diatomite 1is practically pure silica (8102)'and is

usually described as being chemically inert (18). However,

The chemical analysis of a typical sample shown in Table 1

indicates that diatomite contains traces of chemically active

compounds expressed as calcium, magnesium, and sodium oxides.

Table 1. Typical chemical analysis of diatomite filter aid

Composition

Typical chemical analysis
(Moisture free basis)
Per Cent by weight

Loss on ignition
SiO2

A1203

Fe203
TiOZ’
‘Mg0

NaZO (KZO)

Total

o OO0 O H O FE N0 W
o~ M F W E o

\O
O
(o0}

*
Table reproduced from (13).
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E. Surface Charge

Particles of diatomite suspended in water behave as if
they are electrically charged negative. However, the particle
charge can be deliberately changed to positive during manu-
facture or just before use by coating the filter aid with
electropositive coatings (17).

When water 1s filtered through a porous medium, an
electrical potential difference called a streaming potential
is developed between the upstream and downstream sides of the
filter. The streaming potential 1s positive if the upstream
potential is positive with respect to the downstream potentisl.
Ths streaming pctential can be measured by placing aﬁ electrode
in the inlet stream and another in the outlet stream and
measuring the potential difference across the electrodes. The
streaming potehtial becomes vanishingly small as the concen-
tration of ions in the water increases. This is due to the
decreasing resistivity of the water as the ion concentration
increases. The ions‘provide a path for electrons to flow and
this flow of electrohs dissipates the streaming potential.

The zeta potential of diatomite can be determined from
streaming potential.measurements. However, Oulman has shown
'that the zeta potential of a solid in contact with a liquid
may not be the same when determined by streaming potential
measurements as 1t 1s when determined by eiectfoosmosis or

electrophoresis (17).
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It appears that the electrical field that the filter aid
is placed in for electrophoretic measurements is strong

enough to separate most of the electropositive surface coat-
ing from coated filter aids. The resulting zeta potential
determined by electrophoresis would then be negative rather
than positive. On the other hand, the zeta potential deter-
mined by streaming potential measurements are positive for

a positively coated filter aid. It appears that the hydro-
dynamic forces present under the conditions for a streaming
‘potential fést are not strong enough to separate the coating
frdm the particle.

The zeta potential of a filter aid used in a filter cake .
can be determined from streamiﬁg potentlial measurements using
distilled or deionized water. Use of ‘distilled water will
'not provide the same magnitude of zeta potential that would
be obtained with natural waters. In the_latterlcase, the
zeta potential of filter aids will be higher in magnitude than
it is in distilled or deionized water (17).

Elecfrophoresis cannot be used as a test to determine
effective'surface charge of a filter aid because of the
apparent ability of an electrical field to separate the

positive surface coating from the filter aid (17).
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IT. LITERATURE REVIEW

The process of filtration has been known and used many
years. - Until the 19th century, however, no appréoiable-
effort was made to understand the process of filtrétion.
Since the middle of the l9th'century tremendous advances have
been made in the arf of filtration, hoWever, there are still
many - factors affecting the process which have not been studied
or are incompletely understoéd.

Many studies have been made'concerﬁing the permeability
of porous media. It is only recently that Baumann, Cleaéby,
and LaFrenz published their theory of diatomite filtration
(3). Although they did not report the efféct of electrolytes
in solution on the perméabiliﬁy of the filter"aid, they
reported that the permeability of the filter aids'using
distilled water and tap water were different under identical

conditions. They hinted that all K determination should be

3
made using distilled water (3).

Little attention has been devoted to studles of the
effect of electrolytes in solution on the permeability of
porous media. No report has appeared in the literature
describing the effect of ions in solution on the permeability
of diatomite as a filter aid. Those studles concerning

effects of ilons in solution which have been reported in the

literature, are concerned with materials other. than diatomite
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(8, 14), or with their effects on diatomite characteristics
other than its permeability (17).

Of interest here is a study of the effect of certain
ion combinations commonly found in potable water on the rate
of filtration through coffee and its effect on the taste of
the brewed coffee (8). The minerals in water for example:
iron, calcium, magnesium, sodium, potassium, bicarbonate,
sulfate and chloride, were foﬁnd to influence the filtration
time of water througﬁ coffee.

After establishing a standard coffee brewing time
(brewing time is the timelrequifed to collect a certain
volume of filtrate).with>deionized water, it was demonstrated
that different inorganic compounds will affect the total
brewing,time differently. With some inorganic compounds,

- the brewing time was nearly doubled. With others, the brew-
ing time decreased slightly below the standard.

This study indicated that carbonates and bicarbonates
as a group appear to have the greatest retarding effect,
while all other types normally present in municipal water
supplies appear to have little effect. Typical brewing time.
obtained are shown in Table 2. Brewing time was determined
" by measuring the time required to collect a certain quantity
of filtrate through a fixed weight and thickness of a stand-
ard coffee.

Additional experiments showed that the brewing time was
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Table 2. Brewing tlmes of 400 ppm of various 1norganlc
' compounds in deionized water (8)

Total brewing time,

Inorganic

compounds seconds
Li CO3 669
Na2C03 620
NaHCOB 595
KHCO3 539
cho3 517
NaOH L85
NaZSiO3 470
Na,5 Lis
NaBPO 388
NaZSOLL 351
Deionized water 350 (Standard Brewing Time)
NaCl 333
MgS0,, 330
Ca012 316
CaSOu 308
KC1. 306
HC1 305

greatly changed by an increase in the concentration of dif-

ferent chemicals as shown in Table 3;

As a summary to this report, we could conclude that

- most of the ions present in the water supplies changed the

permeability of the coffee grounds slightly. However, the

presence of carbonate or bicarbonate ions increased the
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Table 3. Effect on total brewing time of varying concentra-
tion of compounds in solution (8)

Inorganic Concentrations, Total brewing time,

compound ppm - 'seconds
NaHCO., - 0 350 (Standard Brewing Time)
: 100 - 336
200 374
300 L9l
400 595
CaCl2 0 350 (Standard Brewing Time)
400 316
1000 300
Na3P04 0 350 (Standard Brewing Time)
400 388
1000 304

brewing time significantly and in direct relation to their
concentration. This effect'was accentuated.by sodium ions,
if wéter containing temporary hardneés and softened in a
zeollte oonditioner was used.

A number of workers have studied different factors‘
affecting the raﬁe of filtration of liguids through porous
media. Of interest here was the study of the‘éurface
properties of the solid phase of porous media, and the
degree of their effect on the rate of filtration (9). In
particular, the effect of electrical surface forces,
charactefized by the value of the electrokinetic potential

(¢-potential), has been studied.
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It was found that there are differences between the
rates of filtration of dilute solutions of electrolytes and
of water through membranes and pdwder.systéms (9). Im
general, the raﬁe of filtration of electr&lyte solutions
was foﬁnd'to increase with increasing concentration of the
solutiomns.

This variation in ﬁhe rate of filtration of aqueous
solutions. through powder systems was thought to be due. to a
change in the effective cross-section of the cépillaries
corresponding ﬁo the different electrolyte concentrations.
Any change in the_ effective cross-section of the oapillafies
means a change in thickness of the doublé 1a§er (related to
the thickness of the hydrated layer) around the particle
du@ to the change in the concentration of the electfolyte
solution passing through.

Other workers did carry out qualitative verification of
the relationships between the rate of filtration of agueous
solutions of various electrolytes thfough sand, chalk,
asbeétos and diatomite (9). Their results indicated an
increase in the rate of filtration with increase of concén—

tration of HC1 solutions from 1 X 10'5 tol x 10’2 N.
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III. THEORY OF DIATOMITE FILTRATION
A, General Theory

There is an increasing use of diatomite filtration to
broduce potable water. An equation has been developed
relating the filtering characteristics of the éuépeﬁded
solids, body-feed, and filtration rate with the filter cake
head loss which could be expectéd in a diatomité filter after
filtering any given amount of Water (3). Such a relationship
can be used to ald in determining the optimum filter operat—
ing characteristics which would produce potable water at the
lowest cost per 1000 gallons (4).

The quantitative determination of the permeability of
diatomite filter aids in this.study will be confinedlto the
evaluation of its K3 coefficient in the recently developed

diatomite filtration equation (3).

- 2 8.
H = K,Qi + K,CpQ°t x _I%% (3)
Where:
H = total head loss through the filter cake (ft)
CD = concentration of body feed (ppm)

=~
W
Il

permeability coefficient for the clean precoat

(ft2+min/lb * gal)
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KLL = permeabllity coefficient for the body feed layer
(ft5~min/lb - gal)
Q = rate of flow (gpm/ftz)
t = time of filtration (min)
W - weight of precoat (lb/ftz)
The theoretical development of Equation 7 is available

in the literature (3, 15).

B. Determination of K

3

In Equation 3, the total head loss, H, represents the
héad loss through a precoat layer of pure diatomite, KBle’
plus the head loss through the body feed plus suspended
solids layer, K#CDQZt(8.33 X‘lo'é).

In this study, we are concerned only with flow throﬁgh

the precoat and Equation 3 reduces to:

H = KQW | ‘ (4)
If a laboratory test is designed to provide a measufe of head
loss through a cake of known weight with a given flow rate,
the value ofK3 is easily detefmined. A plot of H Versus
le will provide a stréight line whose slope will be equal
to the value of the impermeability coefficient K3°

The value of K3 can be determined by making a run
filtering clean water containing no suspended solids and no

body feed through a thick layer of precoat. There are several
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”possible approaches: .

l. Vary the rate of filtration and observe the head
loss using a constant weight of precoat.

é. Vary the weight of precoat in several runs and
observe the head loss using a constant rate of filtration.

3. Hold the head loss constant and observe Q using
various weights of precoat.

4., Vary the head loss and observe Q using various
weights of precoat.

The first two approaches can be completed using a
standard diatomite filter. The latter two approaches can be
used in the laboratory in conjunction with a small conétant
head permeameter. In all approaches, the data would be
plotted to show head loss through the precoat diatomite in
feet of water, hl’ égainst le on arithmetic papef (Fig. 1).

At a constant temperature and undef standard conditibns
for cake formation, K3 is constant for a given filter aid
and 1is representétive of the permeability bf the filter aid.
Actually, K3 is inversely proportional to the coefficient of
permeability. K3 is dependent on the viscoslty and density
of the water and, therefore, is dependenﬁ on the water
temperature. Accordingly, all values of K_ should be expréss—

3

ed at a standard temperature, 20°C for example, for purpose
of comparison.

A Kj value eXpressed at temperature npnCg (K3)T can be



Fig., 1. Plot of head loss versus le, as used to
determine K3 (15, page 122)
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A
6k IOWA STATE UNIVERSITY TAP WATER
PRECOAT MEDIA - C-535
FILTER - VHP (15, PAGE 122)
5-
4—
LT
HEAD :
LOSS 31
FT. OF
WATER
2_
SLOPE = K, =0 ssﬂfﬂ‘_-
-3 "YTLB. GAL.
|.-
0 | 1 1 |
e 2 4 6 ?

QW,, (GPM/SQ.FT.)(LB./SQ.FT.
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changed to a corresponding value expressed at 20°C (KB)'
This is done by simply dividing thé (KB)T value by the ratio
of the viscosity of water at temperature 20°C to the

viscosity of water at temperature ntOC as follows:

K
(Ky) |
K, = - (5)
3 M..0
20°C
¢
Where:
K3 = value of the impermeabllity coefficient at a

temperature 20°C

(KB)T = value of the impermea%iiity coefficient at a
temperature nmn g

M50%¢ =.viscosity of water at 20°C

‘ﬂTOC = viscosity of water at temperature‘"T"oC

In this study, the change in water density with temper-
ature was neglected since such changes proved to be insignif-

icant in the range of temperature variations encountered.

C. Application of K3

Equation 3 showed the total head loss H through a
diatomite filter. In practice, the engineer will seek to
establish the filtration rate to provide the lowest overall

cost of filtration. -The type of diatomite, the source and
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mineral composition of the water and, accordingly, the value
of K3 will be determined by the filter-aid grade required to
produce the requisite quality of filtered water. The precoat
welght Wy will be fixed by the amount required to prevent
fouling of the filter system, and wl will be in the range of
0.1 to 0.2 1b/sq ft.

Considerable variation in the K3'va1ue for the same grade
of filter aid can be expected (7). Such variation is to the
changes in the prbcessing ana source.of’the filter aid and to
variations in the water used to evaluate K3' Therefore,
standard values of K3 for all grades of filter aid published

by manufacturers are not yet available.
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IV. LABORATORY APPARATUS AND PROCEDURES
A, Introduction

To evaluete the effect of dissolved ions on the permea;
bility of diatomite filter aid, two separate laboratory
apparatuses were designed and constructed. Early in the
investigation, all efforts were directed to making a standard
permeability determination using e typical constant head
permeameter (CHP). During the investigation Baumann, Cleasby
and LaFrenz published their theory of diatomite filtration
(3) and proposed the use of the K3 impermeability coefficient
to represent the hydraulic characteristics of filter aid. In
view of the fact that this method of expressing filter aid
permeability appeared to offer significant advantagesein
saving laboratory'time and providing increased accuracy of
test‘results, a K3 filter apparatus was designed, built and
used te determine the effect of dissolved ions on K3' Thus,

the first half of the runs reported in this thesis were made

with the CHP apparatus and the later runs were made with a K3

filter.

B. Constant Head Permeameter

1. Construction

The constant head permeameter, (CHP), shown schematicaily

in Fig. 2 and in the photograph in Fig. 3 was constructed and



Fig. 2. Schematic drawing of the constant head permea-
' meter, CHP
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Fig. 3. Overall view of the constant head permeameter,
- CHP a :
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used in this study. The permeameter consisted ofia water
storagé tank, a constant head tank, a pump and water dis--
tribution system for supplying water from the storage tank
to the constant head tank, and three separate filter tﬁbés,

- each of which was equipped with its own filter:sepfum, flbw
control and head control device. The'constant head permea—
meter was employed in determining the effects of ions in
solution on thé.permeébility of Typical commercial diatomite
filter aid. )

With the permeémeter it was.possible to precoat each of
the three filters with a given weight and surface area of
filter aid and to filter water under a constant head of 4.65
feet of water. It-Was poss€ible to determine the rate of flow
through these filter cakes of solutions of. different salts at
different concentrations after different periods of filtra-
tion. The data collected could be plotted tc show the change
-in filter cake permeability with‘time of filtration and with
change in type and concentration of the salts.

The water storage tank consisted of a rectangular tank,
12 in. wide x 6 in. deep x 4 ft long made of galvanized metal.
When full the storage tank held approximately 15 gallons of
‘water which was more fhan sufficient to fill the constant
‘head tank, the recirculation system, and the filter tubes.

The wéter storage tank was connected to the constant head

tank by means of a flow distribution system, including an
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electrically—drivén pump. Thé diétribgtion system consisted
of 1/2 in. rubber tubing whichvwés used to connect the suction
of the pump to the watef stdrage tank and‘the discharge of the
pump to the constant head tank (Fig. 2). The pump [}n Eastern
Industries model B-1 Centrifugal pumﬁ] Was driven by~l/20 Hb;
110 volt, single phase electric motor. The pump has a.
capacity of delivering 7 gpm against no head. A 1/2 in.
needle valve was used on the discharge side of the pump
initially to control the rate of flow to the constant head
ténk, but was éubsequently removed.

The constant head tank consisted of a second galvanized
metal tank 6 in. wide x 6 in. deep x 4 ft long. One end of
constant head tank was fitted with a rectangular sharp crested
weir, so as to maintain a constant head of 5 in. in the con-
stant head tank. The discharge over the welr was oollectedk
and returned to the water storage tank through a 1/2 in.
rubber hose.

The bottomiof the cohstant head tank was fitted with
three 3 in. openings to which the three filter tubes were
attached. The openings had a 2 in. length of cylindrical
gaivanized metal welded to the bottom of the constant head
tank enclosing each filter tube'opening. The filter tube
fitted snugly into the cylindrical metal pipe. A rubber
gasket was Wfabped around the connection and clamped, to pro-

vide a water seal between the constant head tank and the
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filter tgbe.

The three filter tubes were each 3 in. in inside diametéf
by a@proximately 4 feet long. The filter tubes were made of
clear plastié with a wall thickness of 3/16 in. The bqttom 6
in. of each filter tube (Fig. 4) was cut off and used as a
detachable filter houéing. This détachable length of filter
tube was sealed in‘place during a filter run by a wide rubber
band,‘a piece of copper plate,vand the use of two clamps on
each tube to hold the septum tightly in place.

A filter septum was used tovsupport the precoat filter
aid whose pefmeability was to ﬁe_determined. The septum itself
(Fig. 4) consisted of sﬁainlesé steel wire mesh cloth (24 X
110) cut with an effective plate diameter of-2:7 in. The wire
mesh is a product of the Belleville Wire Cloth Co.; Inc.;.135
Little St., Belleville 9, New Jersey. The wire mesh filter
septums were sealed in a horiZdntal Eosition about 2 in. above
the bottom of the filter tube. The bottom of the filter tube
was sealed with a plastic plate which had a 1/2 in. outlet at
. the center (Fig. 4).HA- |

The bottom of the filter tube was located immediately
above and.discharged into a 1000 ml. liter beaker, which was
fitted with a 3/8 in. diameter side overflow located about
L in. above the bottom of the beaker. A constant head of 4,65
feet of water waé maintained at all times between the constant

head in the constant head tank and the level of water in the



Fig. 4.. Filter housing used in the CHP filter showing
precoat and wire screen septum
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beaker. The constant head was adjusted merely by raising or
iowering'the beaker such that the side overflow in the beaker
was kept at about the same level as the septum wire mesh.

The rate of water flow through éach filter tube was determined
by collecting water as it discharged from the side outlet of
the beaker. |

2. Operating test procedure

The same test procedure was used in all testé with the
CHP apparatus. In order to agsure reproducibility of the
. test results, the entire apparatus had to be maintained always
in a clean condition. Nevertheless, at the start of each run,
all of the tanks, tubes, and Water lines were.cleaned and |
flushed with distilled water. Then, thé water storage tank
was filled with distilled water of the required quality. The
valves permittiﬁg discharge from the filter tubes were closed
and the pump was started to fill the constant head tank and
filter tubes with water from the water storage tank. Adjust-
ments were made until it was certain that all alir was éxcluded
from the distribution lines and from underneath the septum.

The next step in the test procedure involved precoating
the septums. The weight of diatomite to be used in the pre-
coat was mixed in distilled water to form a slurry and was
introduced into a filter tube through a funnel. The precoat
funnel was inserted in each filter tﬁbe as shown in Fig. 2 so

that the filter aid slurry could be added into each filter
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tube immediately . above the filter séptum without affecting
either the recirculating water or the other filter tubes. As
soon as the precoat slurry was’added dbove the septum,.the
discharge valve at the base of that filtef tube was opened
slightly to allow a slow rate of flow through the'seﬁtum‘to
form a uniform précoat. In this way only a small amount of
precoat filter aid passed through the septum during precoating.
This filter aid was collected in a beaker as it discharged
from the filter tube and returned back to the filter tube
through the funnel. When the precoat had formed, the valve
at the bottom of filter tube was opened completely and the
flbw through the filter aid was allowed to reach equilibrium
under a constant head of 4,65 feet of water.

It was essential that no bubble of air be present under
the precoated septum during subsequent observations. At times,
the presence of small bubbles of air will reduce the flow rate
as much as 40 per cent. If a bubble of air was present after
precoating, it was removed by introducing a rubber tube
through the outlet until it contacted the air bubble. The use
of a small vacuum on the tube would serve to remove the air
bubble completely.

As soon as ?he filter flow rate through the precoat had
reached equilibrium, the flow rate was determined by measuring
the Time requiréd to collect a known volume of the water dis-

charging from the side outlet on the beaker. Flow rate
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measurements were made at intervals of 10 minutes initially
to determine how much the flow rate reduced with time.

If a test Were‘to‘be conducted using water contalning
‘specific'cations and anions, solutions of these chemicals in
a concentrated form were prepared prior tb the test in 500 ml.
volumetric flasks. The concentration in the flasks was
determined by the concentration which would be used Wheﬁ the
flask contents were mixed with’%he.l5 gallons of distilled
wafer in the CHP system. Chemical solutions were prepared
in distilled water at room temperature. However, some of the:
solutions occassionally had to'be heated to increase their
solubility in the 500 ml flask (Table 4).

Aii teét'funs with the CHP apparatus were made with the
water at room temperature, and a correction was applied to all
flow or Kj.results to convert them to their respective values
at a’'standard temperature of 20°C as described on page 20.

When a test was to be made to determine the permeability
of a filter cake when filtering water containing dissolved.
chemicals, a flask containing the desired amount of dissolved
chemical was poured into the water storage tank, the water was
then recirculated until it was mixed uniformly with the 15
gallons of Water'already in the system. Once the chemical was

uniformly distributed, the flow rate again was determined.
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C. K3 Filter

1. ihtroduction

Following the publication of Equation 3, a special
filter was désigned to permit collection of the data required
for the direct determination of the impermeabllity coefficient
K3 for a filter aid as shown in Fig. 1. This filter is
referred to as a "K3 filter" and is shown schematically in
Fig. 5 and in the photograph in Fig. 6.

The filter apparatus consists of ﬁwo,water storage tanks,
a precoat tank, a small filter housing containiné a filter
septum, a flow measuring device, a head loss gage, a small
recycle tank, and a:pump to supply pressure. During a run
with this aﬁparatug, a fixed weight of diatomite, Wi,
coated on the filtér Septum. Then the rate of flow through

is pre-~

the precoat, Ql’ is varied and the head léss, hl’ is measﬁred
at each flow rate. These data collected with the water at a
constant temperature are used to calculate the K3 of the
Hfiiter aid.

In the K3 filter, there are three basic operatibns as
there are for all dlatomite filter plants:

(1) precoating, placing the diatomite onto the septum
to.form a precoat,

(2) filtering, passing.of the water to be filtered
through the precoat (normally, to rémove suspended solids

from the water), and



Fig. 5. Flow diagram of the K3 filter
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Fig. 6. Overall view of the K3 filter
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(3) backwashing, the removing of the used filter cake
from the septum and washing 1t and all other impurities in

the system to waste.

2. Description'gi apparatus
| To accomplish these‘operations, the K3 filter is con-
structed in five basic sections:
a. A water supply section
b. A precoating section
c. A filtering section
d. A pressure differential section, and

e.. A backwashing section

a. Water supply section The water supply section of

the apparatus includes provision for storage of two types of
water, precoat and/or backwash water and the test water to be
filtered. The precoat and backwash water is stored in one or
more five gallon Pyréx carboys. Water 1s drawn from these
carboys through a 1/4 in.'Tygon tubing connected to the water
recirculation system at valve 4 (Fig. 5). The water to be
filtered in the test is stored in a covered, commercial
plastic garbage can with a capaéity of about eight gallons.
In order to maintain the water in this supply tank at a con-
stant temperature, a heating-cooling system was installed. A
centlgrade thermometer was used to determine the water
temperature and a thermostatically controlled copper coill

heater was used to provide heat when the water temperature
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dropped below 20°c. To provide cooling of the water, a 20 ft.
1engt£ of 3/8 in. round copper tubing was wrapped in a coil
about 1 ft. diameter and spacéd uniformly ffbm top to the
bottbm of supply tank. Cold tap water was run through thié
copper coll continuously to provide cooling.

A small electric stirrer was used in the supply tank to
provide a uniform mixture of the water in the tank. The
heating-cooling system was adjusted until it was possible to
maintain the water temperature at 20°C plus or minus 0.5°C.
The supply tank was connected to the water distribution system
at valve 5 by means of 1/2 in. tygon tubing. The supply tank
was also provided with a drain.

b. Precoating section  The precoating section,

including the main flow distribution system, consisted of é
small recycle tank, a pump to supply pressure, a précoatlpot,
and a small filter. The recycle tank consists of a 5% in.
1éngth of plastic tube which is 3 in. in inside diameter. The
recycle tank is provided with a suction connecfion to a pump,
and a drain valve 1 in. above the bottom of the recycle tank.
The pump cdnnection is located 1 1/2 in. above the boﬁtom of
the recycle tank. |
The pump which supplies pressure for precoating, filtra-
tlon and backwashing is an Eastern Industries Model A-1 stain—
less steel, centrifugal pump. The pump is driven by a 1/100

HP, 110 V, electric motor and will deliver 4.5 gallons per
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minute against no head and a shut-off pressure of 11 psi. The
pump as installed in the system permitted a maximum rate of
flow through the filter system of 4.08 gpm/ftz.

All distribution lines not otherwise aescribed were con-
structed 6f 1/4 in. O.D. copper tubing using compression
fittings. All valves wefe 1/4 in. brass plug valves. All
lines were constructed és short as possible and in either a
horizontal or vertical position to prevent deposition of the
filter aid in the distribution lines.

The precoat pof consists of a plastic tube 3 in. in
inside diameter and 4 in. high. The precoat pot is equipped
with a square 1id ( 4 1/2 in. x 4 1/2 in.) which is sealed by
méans of a 3 1/2 in. diameter rubber O-ring to a square plate
fastened to the top of the precoat pot. A 1/4 in. copper
inlet (valve 7) from the pump enters the precoat pot immedi-
ately above the bottom. The precoat pot may be flushed to
waste through this line by opening valve 6.

A 1/4 in. copper discharge line leading to the filter
housing is connected 2 in. above the bottom of the precoat
pot. A second inlet leading from valve 8 is located at the
same level as precoat outlet. The precoat pot was fastened
rigidly on top of a laboratory magnetic stirrer. A 1 in. long
Teflon-covered magnétic stirring rod was. used inside the pre-
coat pot to provide mixing of the contents of the precoat pot.

The K3 filter was designed so that the filter septum



43

would be fixed in a vertical plane. The filter is shown in
detail in Fig. 7. The filter housing consisted of two
separate ﬁlastio seétioné. The first or the inlet section of
the filter consisted of three square plastic plafés (4 1/2 in.
x 4 1/2 in. x 1/2 in.) cemented together as shown in Fig. 7.

A 3 in. diameter circular hole was drilled in the center
of the center plate. 1In additign, three 1/4 in. diamqter holes
were drilled in the 1/2 in. side, one. at the top and two at
the bottom as shownliﬂ'Fig. 7. The ﬁpper hole was fitted and
sealed with a copper tube coﬁneéti@n to a manometer. One of
the bottom holes was located off center and used as the water
inlet. The tangential flow provided a rotation of suspended
diatomite and served to aid iﬁ forming a uniform precoat. The-
'other bottom hole was fitted with a copper tube leading to
valve 13 (Fig. 5) and was used as a drain during backwash.

‘A 2 in. diameter circular hole was drilled in the center
of the left plate shown in Section A-A of Fig. 7. The area
represented by the area of this opening was the effective area
of the filter septum. A 3 1/2 in. diameter rubber O-ring was
mounted on the outside face of this plate to provide a water
seal when this plate Was clamped to the outlet sectiomn of the
filter.

The outlet section df the filter was constructed from two
squére plastic plates (4 1/2 in. x 4 1/2 in. x l/Zvin.),

cemented together as shown in Section B-B of Fig. 7. A 2 in.-



Fig. 7. Details of the filter used in the K, filter
apparatus
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diameter hole was drilled in the center of the left plate
(Section B-B) in such a way that it would be concentric with
the two in. hole in the inlet portion of the filter when the
two sections of the filter were clamped together. Two 1/4 in.
holes were-dfilled at right angles to each other in the 1/2
in. side of the inner plafé as shown in Section B~B. Both
holes were fitted with 1/@ in. 0.D. coppef tubing, one of
which was connecﬁed tb.a leg of the manometer and the other
was connected to the flpw meter as shown in Fig. 5.

A2 3/4 in. rubbe: O-rinngas moﬁnted on the inner face
of the inner plate to provide a water fight Seal when the
inlet and the outlet sections Of the filter were joined
together. A circular piece of stainless steel wire mesh
épproximately 3 in. in diameter was piaoed concentrically over
the O-ring on the inner plate of the outlet section of the
filter housing as shown in Section B-B, Fig. 7. The mesh
used as the septum was similar to the mesh used in the CHP
apparatus, page 29. The method of installation provided a
filter area of 0.0218 sg. ft. The inlet and outlet sections
of the filter housing were fitted together and held tightly
by means of four C—clampsulocated at each cbrner of the
housing (Fig. 6).

In the precoating operation, water was drawn from the
backwash tank and went through the pump and entered the pre-

coat pot through valve 8. The water left the precoat pot
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through valve 9 and entered the filter, passed through the
filter septum, and left the filter housing through valve 14.
The precoat water was then returned to the precoat recycle
tank through valve 12 and wa.s recycled through.the system
through valve 2. Once the system was full of‘water, the flow
‘from the precoat and/or backwash storage tank was shut off.

c. Filtering section Once the filter had been pre-

coated, the water was directed through the filtering section
of the apparatus. The flow was then drawn from the water
supply tank through valve 5 and moved through the pump and
directly into the inlet to the filter through valveslO. The
water leaving the filter was directed through valves 14 and -
15 directly to a flow measuring device. The rate of flow of
filtrate was controlled by means of valve 16 and was measured
with a Sho-Rate meter (Brooks Instrument Company, Inc.) tube
R-2-15-C. The meter provided three flow measuring ranges by
use of three floats, one‘of carboloy, one of stainless steel,
~and one of glass.

Ih,this study, only the carboloy float was used. Fig. 8
shows the calibration curve developed to show the flow réte
through the meter at 20°C versus the meter scale reading. A
flow rate of 1.13 ml/sec (scale of 20) provided a flow rate of
0.823 gpm/sq ft. through the filter; a flow rate of 5.60
ml/sec (scale of 100) provided a flow rate of 4.08 gpm/sq ft.

The flow left the flow meter at the top and was returned



Fig. 8. Plot of discharge, Q,'versus scale reading in
percent determined in the calibration of the

flow meter using the carboloy float
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to the‘water‘supply tank through valve 17.

d. Pressure differential section The pressure drop

across the filter cake was measured by means of a differential
manometer connected to the upper taps on the inlet and outlet
sides of the filter septum. A 2-foot long King Manometer,
model. BUB-2L (King Engineering Corp., Ann Arbor, Michigan)
-was used with No. 294 Red indicating liquid which had a
'Specific gravity of 2.940 at 20°C.  The indicéting liquid is

a bromide blend and is corrosive to iron and carbon steel.
Pressure drops across the filter were read in inches of
indicating fluid and converted into inches of water (Appendix
C).

The manometer lines were provided with valves (18 and 19)
to shut off the manometer from the system during precoating
and backwashing operations. Each manometer lead was also
provided with a vent line (valves 20 and 21) for removing all
alr from the manometer system. |

e. Backwashing section During backwashing, water was

drawn from the backwash tank through valves 4 and 3 and was
~delivered by the pump through valves 11 and 14 in reverse
direction through the filter septum. Water was run to waste
through valve 13. Water was also run through valve 8 into the
precoat pot and out the precoat pot through valve 6.

The entire apparatus was mounted on a movable ffamework

as shown in Fig. 6. The filter itself and all pipelines were
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' mbunted‘on a vertical backboard having the dimensions of

L6 in., x 32 in. The recycle tank, the pump, and fﬁe precoat'
pot were mounted on a horizontal board whose dimensions were
18 in, x 32 in. The water supply and backwash tanks were
mounted on another horizontal shelf behind the vertical
backboard. The entire apparatus was mounted on four 4 in.
wheels so that it could easily be moved from place to place.
As constructed, the K3 apparatus proved to be simple, con-
venient, fast and accurate.

3. Operating test procedures

Filter runs with the K3 filter followed a uniform and
convenient pattern. At the beginning of a run, the supply
tank was filled with the specific water to be used in the
test. The backwash tank was always kept filled with distilled
water. Some of the distilled water was flushed through the
entire system to purge alr from the system and to wash out
any residue solution and filter aid remaining from previous
filter runs. Flushing air from the lines leading to the
manometer was critical. This was accomplished by gradually
opening the two valves (18 and 19) on the two lines to the
manometer simultaneously. Then, the other two valves (20
and 21) which lead to the atmosphere were opened slightly
until all the air was purged out. Then, valves 20 and 21

were closed and the wholé,system filled with water.

The precoating operation was performed as follows:
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1. A predetermined amount of diatomite in slurry form
was ﬁlacgd in the precoat pot, the 1id was fixed tight to the
potg‘and the magnetic stirrer was turned on to keep the
diatomite in suspension.

2. The recycle tank was filled with distilled water and
the flow was cycled at the precoating flow rate as follows
(Fig. 5): recycle tank — pump - bypass - filter - recycle
tank. Then the flow was diverted through the precoat pot and
the bypass was closed. Water was cycled in this manner until
all diatomite was flushed from the precoat pot and onto the
septum (about three minutes).

3. Then, the valves were adjusted to the filtering
operation to give the following flow pattern (Fig. 5): suppiy
tank - pump - bypass - filter - flow meter - supply tank. The
valves which lead to the manometer were then opened. After
completion of the above steps, precoating was complete, and
" the system ready for the filtering operation as soon as
equilibrium conditions wére éstablished (two to five minutes) .

If the rate of precoating was set too high, the precoat
surface became scoured and took on an irregular spiral pattern.
Too low a precoating flow rate permits diatomite to settle out
in the inlet chamber making the cake thicker at the bottom
than at the top. By experience, the right flow rate for
formation of a uniform precoat could be estimated. In this

filter, the velocity of the water approaching the filter
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element was not high enough to hold diatomite in suspension.
Therefore, the flow was brought into ﬁhe inlet chamber
tangentially to impart a rotary motion to the diatomite
suspension in this chamber. The suspensibn in the chamber
would rotate with a velocity of 0.16 to 0.64 rps (17). This
rotation can be observed when the cake is being formed and is
sufficient to hold the diatomite 1n suspension without scour-
ing the surface of the filter cake.

In collecting data for the determination of K3 impermea-
bility coefficient of the filter aid, the fiﬁtering operation
with the K3 filter was performed as follows:

1. After the precoat was formed and the system was in
equilibrium, the rate of flow of distilled water through the
precoat was adjusted successively to 5.60, 4.50, 3.35, 2.25
and 1.13 ml/sec, and the head loss corresponding to each flow
rate was recorded. A sample data sheet is shown in Table 28
and a plot of the data collected in Figs. 15 and 16, If
solutions of electrolytes were not to be used, the run was
terminated and the filter was backwashed.

2. In those teéts in which solutions of electrolytes
were used, the head loss through the precoat filter ald was
first determined with distilled water as in step one above.
After the test with distilled wéfer was completed, a predeter-
mined quantity of the solution of the electrolyte under study

was added to the water storage tank and allowed to circulate
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through the filter for a period of seven minutes. This period
was sufficient to provide a uniform distribution of the
electrolyte in the water in the system and to provide oppor-
tunity for it to complete its reaétion within the filter cake.
After equilibrium conditions were again established with the
electrolyte, the flow rates were adjusted successively to rates
of 5.60, 4.50, 3.35, 2.25 and 1.13 ml/sec and the head loss
corresponding to those flow rates was recorded. If larger
concentrations of electrolytes were to be tested, an addi-
tional volume of the electrolyte solution was added to the
water storage tank, mixed for seven minutes and again the flow
rates were adjusted 1in re%erse order, and the corresponding
head losses were recorded. Additional electrolyte solutions
were added in a similar manner until dats had been collected
for the desired range of electrolyte concentration. . AT the
end of the test, the filter was backwashed and all solution.
and filter aid waéted. The filter was then rinsed‘éeveral
times to eliminate all electrolyte and filter ald contamina-

tionn of the K3 filter system.
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V. LARORBRATORY APPROACH
A, General

A1l of the tests conducted in this investigation were
méde to determine the effect of catlons and anlons 1in solution
on the permeébility of diatomite filter aid. All of the tests
were made using a commercial grade of diatomite filter aid,
Celite-535, a product of the Johns-Manville Corporation. All
tests were made using filter aid from a single 50.1b. sack of
the commercial material.

During the early phase of the study, all tests were made
with the CHP apparatus. Later the CHP apparatus was abandoned,
and a new group of tests were conducted witﬂ the'K3 filter.
The 1aboratory tests were conducted in six different series.
The term "series" as used in this thesis designates a number
of runs conducted with one specific objecﬁive. The series

conducted in the study may be summarized as follows:

CHP filter

Series Runs Purpose of Series
C 179-197 Verification of apparatus with
223=267 distilled water.
B h3-142 (not included in this thesis) K),
: studies.
A 1-42
' 143-178 Effect of solutions of salts on
198-222 permeability

268-624
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K, filter
S A
Series Runs Purpose of Series
D 625-674 Verification of apparatus with
distilled water.
E 675-738 Effect of different tap waters
on filter cake permeability
F 739-9073 Effect of solution of salts on

filter cake permeability.

B. CGonstant Head Permeameter

1. BSeries "C", Beproducibility of data and weight of precoat

Before the CHP apparatus could be uéed to determine the
effect of solution of salts on the filter cake permeability,
it was necessary to conduct a large number of runs to demon-
strate that the apparatus gave reproducible results. Accord-
ingly, the series "C" tests were made to determine the effect
of weight of precoat and the time of filtration on the filter
cake permeability.

In this test, the CHP filter was precoated with either 5
or 10 grams of filter aid. The filter aid was added through .
the funnel at a distance about 2 feet above the septum and was
allowed to settle onto the filter septum at the bottom of the
filter tube. Distilled water was then recycled through the
precoat continuously for period of three hours under a con-
stant head of 4.65 feet of water. Periodically, the filtration

rate was determined by timing the collection of a known volume

of filtrate.
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The quantity of filter aid used as precoat was welghed
out with an analytical balance to a precision of plus or minus
0.005 gram. In the CHP tests, no attempt was made to keep the
water temperature constant, water temperatqre varied between

° _ 29OC in different runé, but seldom more than 2°C in a

20
group of similar rums. In a few runs, a cooling coll was used
in the bottom storage tank and the water temperature dropped
during a test (from 31OC to 17OC as in the case of KOH solu-
tion). All results were corfected to provide flow rates at a
constant temperature of 20°¢C by use of the relationship shown
in Appendix C.

During early runs, each test was repeated from three to
six times and an average results of all tests under the same
conditions was determined. The average result was plotted to
show the decrease in the rate of flow through the filter cake
expressed in gpm/sq ft. at 20°C versus time of filtration
(Fig.'9). During the early runs, the rate of flow was observed
to decrease sharply during the first hour of filtration.

During the next two hours of filtration with distilled water
containing no suspended solids, the rate of fldw decreased
linearly with time. A similar observation was made by Phillips
who reported "that i1f distilled water flow through diatomite

at a constant rate of flow, the pressure loss across the filter

increases even though the distilled water carries no suspended

partibles" (18).
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Fig. 9 shows the change in flow rate through the CHP
filter using 5 and 10 grams of Celite—535 as precoat. After
three hours of filtration, the rate of flow through the 5
grams of precoat decreases about 32 per cent and through the
10 grams of precoat it decreases about 19.5 per cent. During
filtration in the CHP filter, several factors will produce
the effect observed, in which the flow rate decreases with
time of filtration. Since the water passed through the pre-
coat contains no solids to clég the pores, the reduction in
flow rates must have occured due to basic changes 1in precoatk
permeability. Such changes could be due to one or more of the
following reasomns: | .

i. The realignment of the filter aid particles to pro-
vide an optimum alignment of particles for flow.

. 2. The continuéus compaction of filter éid with time due
to the difference .in pressure on the upstream and downstream
sides of the filter.

| 3. The breakdown of the more fragile diatomite particles
under the méchanical compression of the pressure differential
across the filter.

A1l of these factors will tend to reduce the cake thick-
ness, the characteristics of the pore spaces, and will reduce
the cake porosity and cause a reduction in flow rate. ©Similar
reductions in flow rates have been studied previously (1, 16).

The method used for precoating resulted in a somewhat



Fig. 9. Effect of weight of precoat on the rate of flow
through the CHP filter after different times of
Tiltration of distilled water
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nonuniform precoat. The concentrated precoat slurry was added
by means of a funnel about two feet above the filter septum.
As a result, the heavier filter aid particles settled out on-
the septum first, and the finer particles which have a some-
what smaller settling veloclity collected in higher concentra-
tion at the surface of the cake. In all tests, however, the

- standard method-of precoating was used and the variation in
precoat character was undoubtedly fairly constant in all tests.

The data shown in Fig. 9 represent an average curve
‘determined from six separate runs under identical conditions.
No individual results varied more than 3 per cent from the
average. Thus, even though there was a change in cake permea-
bility with time, i1t was concluded that the effect of solutiomns
of chemicals could be qualitétively evaluated by aetermining
the departﬁre of the flow rate from the expected.trend shown
in Fig. 9.

Several tests were conducted to determine a desirable
standard weight of precoat to be used in all tests. PFig. 10
shows the effect of the amount of precoat on the rate of flow
through a stainless steel septum used in previous studies of
the precoat and backwash characteristics of the diatomite
filters (16). With no precoat, the rate of flow throﬁgh the
filter septum under a standard head of 4.65 feet of water wés
13.3 gpm/sq ft. With this septum, a straight line rate of

flow versus weight of precoat does not begin until 0.15 1b/sq



Fig. 10.

Effect of amount of precoat on rate of flow
through a precoat of Celite-535 on a porous

:stainlesg steel septum of filter area 0.85 sg

ft at 50°F (16, page 88)
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ft of filter aid has been used as precoat. With larger :
amounts of precoat, the addition of successive equal amounts
of precoat will give equal increases.in the thickness of pre-
coat and equal decreases in the rate of flow. With a precoat
amount less than 0.15 1b/sq ft, the addition of equal incre-
ments of preodat give unequal thickness of precoat'and a
nonuniform change in flow rate with increase in precoat weight.
Baumann concluded (16) that the weight of precoat at which the
straight line relationship begins represents the'minimum
weight of precoat needed to give a complete and uniform layer
of filter aid over the entire septum area. Similar results
have been reported for twenty different types of  septum
materials including porous mesh screen of the type used in this
study (16). In most cases usihg wire mesh, a minimum precoat
“weight of about 0.05 1b/sq ft was required.

| In this study, the use of five grams of precoat provided
an average precoat weight of 0.27 1b/sq ft (Appendix C).
Accordingly, in this study the standard Weight of precoat was
significantly greater than the amount needed to effectly pre-
coat the septum. Fig. 9 shows the changes in‘flow rate thrbugh
5 (0.27 1b/sq ft) and 10 (0.54 1b/sq ft) grams of precoat.
After one hour of filtration through the smaller precoat, the
flow rate was 22.80 gpm/sq ft.ana through the larger precoat
was 12.80 gpm/sq ft. Thus, these data indicate that the flow

rate could be controlled very effectively by varyinglthe
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%eight of precoat if desired. In all subsequent tests a
weight of precoat of 0.27 1b/sq ft was used.

2. Series "A", Buns with chemicals in solution

The series "A" tests with the CHP apparatus were made to
determine the effect of solutions of fifteen different salts
on the permeability of 5 grams of precoat after one‘hour of
filtration using distilled water. The salts used in this
study are tabulated in Table 4 which shows their solubility,
molecular weight, and melting points as recorded in the
Physical Chemistry Handbook (11).

The first tests using ions in solution were made using
solutions of NaZSOLL in uniform concentrations of 100 ppm.
This concentration involved the solution of 5.68 grams of
sodium sulfate in 15 gallons of distilled water and provided
a molal concentration of 0.71 x 1077 (Appendix C). A con-
centration of 100 ppm of sodium sulfate provided a total of
0.726 x 10%3 ions in CHP system (Appendix C).

In order to have some basis for standardization, all
salts were tested using 0.726 x 1023 ions as the initial con-
centration of the salt in solutlion. Table 5 shows the grams,
ppm, and molality of each salt required to provide 0.726 x 1023
ions in the 15 gallons of water in the CHP system. The
amounts shown in Table 5 were always used to provide the
initial salt concentration. Whole number multiples of these

concentrations were used to provide higher concentrations of



Table 4. Physical constants of inorganic compounds (11)

Name Formula Mol. Melting Solublility in grams per 100
point, C° ' ml of
Cold water Hot water

Sodium Chloride NaCl 58. 54 801 35.7 at  0°C  39.1 at 100°C
Calcium Chloride CaCl, 110,99 772 59.5 at 0°C 159 at 100°C
Aluminum Chloride AlCl3 133.36 S V.S.
Aluminum Sulfate A1,(80y) 5 342.14 770 313 at 0°C  98.1 at 100°C
Potassium Sulfate K,S0,, 174,26 6.8 at 0°C  24.1 at 100°C
Sodium Sulfate Ne.,S0,, 142,06 88k 4.7 at 0% L2.7 at 100°C
Magnesium Sulfate MgSO,, 120.39 150 71 at 20°% 91 at 40°C
Ferrous Sulfate FeS0), 151.92 640 15.6 at 0°C  48.6 at 50°C
Sodium Hydroxide NaOH 40.01 318 L2 at 0°C 347 at 100°C
Potassium Hydroxide KOH 56.10 360 97 at 0° 178 at 100°C
Potassium Carbonate  K,COq 138.20 891 112 at 20°C 156 at 100°C
Sodium Carbonate NaZCO3 106 851 7.1 at 0°C L5.5 at 100°¢
Sodium Bicarbonate NaHCO., 84,01 -CO,, 270 6.9 at 0°C  16.4 at 60°C
Potassium Bicarbonate KHCO3 100,11 150 22.4 at 0°C 60 at 60°C
Ferric Chloride FeCl 162,23 37 91.2 at o

3




67

Table 5. Quantities_of unhydrated salts, required to provide
0.726 x 1023 ioms in 15 gallons of ‘water.

0.726 x 1023 ions

Salts gm ppm m X 10_3
NaCl 3.52 ' 62 1.06
CaCl, IS 78.5 . 0.71
ALCI, 4.03 7 0.53
A1,(80),) 8.20 143 0.42
K,50,, 7.00 123 0.71
Na S0, | 5.68 100 0.71
MgS0,, 7.25 127.5 1.06
Fes0,, 9.20 162 1.06
NaOH 2.40 42 1.05
KOH - 3.38 59.5 1.06
K,CO,  5.56 98 N 0.71
Na,,CO. .27 75.5 0.71
NaHCO 5,07 89.5 1.06

KHCO 6.05 106 1.06
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these salts in solution.

In conducting the tests with dissolved ions, the filter
was precoated with 5 grams of Celite-535 and distilled water
was filltered through the precoat for one hour. From four to
six samples containing the number of grams of the given salt
shown in- Pable 5 were prepared at the beginning of the test
in solution form. At the end of one hour of filtration with
distilled water, one sample containing 0.726 x 1023 ions was
added to the storage tank and brought to equilibrium. After
fifteen minutes of filtration with the ions in solution (75
minutes of total filtration), the flow rate through’the filtér
cake was determined. At the same time, the efflﬁenf water
temperature and pH were recorded. This flow rate might be
the same, greater than, or less than the flow rate which would
have been predicted from Fig. 9 where only distilled water was
being filtered. If higher salt concentrations were being
studied, a secohd sample of the chemical in solutioﬁ was added
to double the number of lons now in the system. Again, after
15 minutes of mixing and filtrétion with higher chemical con-
centratioh, (90 minutes of total filtration) the flow rate was
again determined. The process was repeated in a similar
manner until the flow rate had been determined with the highest
concentration of chemical to be used.

Data for a typical run are plotted in Fig. 13. In this

figure, the curve without salt represents the portion of
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distilled water curve from Fig. 9 for the period of filtration
from 60 to 180 minutes. .If the salt had no effect on the
permeability of the precoat, this is the result that should
have been obtéined in the test. The second curve shows the
actual rate of flow which was measured through the precoaf
when different solutions of the salt.were filtered through the
precoat. Qualitatively, the curve with salt lays above the
cufve with distilled water and it may be concluded that the
addition of the salt serves to increase the filter cake
permeability. Similarly, 1f the curve lay below the curve
with distilled water, the addition of salt woﬁld serve to

decrease the filter cake permeability.

C. K3 Filter

1. Series "D", Beproducibility of data

The series "D" tests with the K3 filter were designed to
determine the reproducibility of the K3 values under standard-
ized conditions. The K3 value with any water was determined
by making three separate runs using precoat weights of 3, 4
and 5 grams, equivalent to precoat weight of 0.3, 0.4, and
0.5 1b/sq ft. -

Since the rate of flow through a precoat on the CHP
filter was observed to decrease with time, a test was made to

determine the change in head loss across a given weight of

precoat in the K3 filter with time of filtration. Accordingly,
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in three separate runs, the K3 filter was precoated with 3, 4,
and 5 grams of precoat and water was filtered at a rate of
5.60 ml/sec for 45 minutes. The head loss was read in inches
of manometer flﬁid at 20°C every five minutes. Fig. 11 shows
the variation of head loss versus time from two of the three
runs. In each case, the head loss increased linearly with
time of filtration.

These tests were conducted at the highest flow rate to be
used in K3 filter and indicate a result similar to that
obtained with the CHP filter. The results indicate that if
the entire K3 data determination required less than five
minutes, the error in head loss recorded would be negligible.
In fact, the K3 data reguired can be collected in less than
two minutes when distilled water is used. When tests were
conducted in which solutions of various ion concentrations
were passed througﬁ the same precoat, approximately 10 to 15
minutes were required to complete the test.

To observe the effect of time of filtratioﬁ on the actual
value of K3, the K3 filter‘was precoated with six grams of
Celite-535. Distilled water was filtered through this cake
at a rate of 5.60 ml/sec for 30 minutes. At zero time of
filtration, the flow through the filter cake was édjusted
successively'to rates of 5.60, 4.50, 3.35, 2.25, and 1.13
ml/sec and the head loss was recorded as in Table 27. As

soon as the head loss data were collected at these flow rates,



Fig. 11. Effect of the time of filtration at a rate of
5.60 ml/sec (distilled water) on the head loss
through two different weights of Celite-535

using the K3 filter
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the flow réte was returned to 5.60 ml/sec and allowed to
continue at this rate for 10 minutes. At the end of this
time, the flow was again adjusted to the five previous rates
and the head loss was again recorded. This procedure was
repeated after 20 and 30 minutes of filtration. The data
collected after each period of filtration were used to deter-
mine é value of K3 as shown in Fig. 15. The K3 values shown
in Table 27 indicate a slight tendency for values of K3 to
increase with time of filtration. However, the differences
are less than 2 per cent after 30 minutes of filtration.
These data again indicate that cbmpaction effects have not
been a significant factor affecting the K3 value of a filter
aid. The normal procedure in‘making the calculation of K3
using data collected on the K3 filter is shown in Table 28
and in Fig. 15 and Fig. 16. Each test for the determination
of K3 was repeated using several weights of filter aid in the
" precoat. In Table 28, for example, weights of 3, 4, and 5
grams were used.

The results using each weight of precoat were plotted to
show head loss in inches of manometer fluid at 20°C versus
filtration rate in ml/second. The straight line providing the
best fit through each set of data provides a measure of K

3

(the slope of the line). The value of K, in standard units

3

was calculated as shown in Appendix C.

The data in Table 29 may be combined to form a single
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graph by plotting the data as shown in Fig. 16. Here, the
head loss in inches of manometer fluid at 20°C was plotted
against the product of QW. The straight line of best fit

through these data provided an average value of
_ ft7. min s s
K3 = 0.530 _TET—§§T . The average of the three individual

runs (Fig.-lS)'provided values of K3 of 0.535, 0.538, and

£t2. min
15, gal *

maximum variation of any value from the mean was less than

O.523;With‘an average value of K3 = 0.532 The
two per cent. Accordingly, the avefagé values bf K3 reported
in this thesis were determined by plotting the data as shown

in Fig. 16. These values of K3 are assumed to be accurate to

the second decimal place.

2. Series "E", Tests with various tap waters

The K3 filter and the technique for calculating K3 were
developed for the purpose of establishing a standard method
for expressing the permeability of diatomite (3). However,

K3 results using distilled water and tap water are different.
The authors hinted, although they did not expressly state,
that all K3 determination should be made using distilled
water (3). In order to determine whether the different
mineral contents of typical tap waters would significantly
affect the K3 Qf a filter aid, the K3 of Celite-535 was deter-~

mined using five different waters as follows:
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1. Distilled water

A

Tap water from the City of Ames
3. Tap water from the City of Des Moines
L., Tap water from Iowa State University
5 Tap water from the City of Ames passed through
a standard household water softener.

The distilled water used in all tests was prepared in the
Sanitary Engineering Laboratories of the University. It had
‘a normal pH ranging from 6.5 to 8.0 and a water conductivity
from 4 x 10_6 to 5 x 10_6 ohms—l.

The tap water from the City of Ames is derived from
shallow wells and is softened by the lime-soda ash process to
about 90 ppm of hardness. Table 6 shows a typical mineral
analysis of this -tap water.

The tap water from Des Moines 1s drawn from the Raccoon
River through a filter gallery and is softened by the lime-
soda ash process. Table 7 shows a typical mineral analysis
of Des Molnes tap water.

The tap water from Iowa State University is drawn from
shallow wells and is aerated and filtered for iron removal,
but it is unsoftened. A tjpioal mineral analysis of the
University tap water is shown in Table 8.

In one test, tap water from the city of Ames was collected
after 1t had passed throughuan automatic home water softener,

which effebtively reduced the hardness to zero by replacing
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the calcium and magnesium cations with sodium.

3. Series "F", Tests with chemical solutions

This series of tests was conducted to determine the
effect of various concentration of solutions of the following
chemicals on the K3 of the filter aid:

1. Aluminum sulfate A1,(50),)

3
2. PFerric chloride FeCl3 '
3. Aluminum chloridé A A}ClB
L4, Sodium sulfate Na,S0,,
5. Calcium chloride CaCl,
6. Potassium hydroxide KOH

The physical constants pertaining to these chemicals are sum-
marized in Table 4. In these tests, different concentrations
of these chemicals were chosen at random and used in the

determinatidn of K3' Plots of the variation of K3'of Celite-

535 were made against the concentration of salts in solution

as shown in a typical diagram in Fig. 18.
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Table 6. Mineral analysis of Ames tap water on November 11,

1963

pH: 9.6

Dissolved solids: 275 ppm
Total solids: ' 220 Ppm
Alﬁalinity as CaCOB: 60 ppm
Non-carbonate hardness: 43 ppm
Total hardness: ' 86 ppm
Calcium, Ca as CaCOB: L3 ppm
Magnesium as CaCOB: Lo ppm
Potassium, K: ‘ 3.2 ppm
Sodium, Na: 30 ppm
Iron, Fe: : .05 ppm
Manganese, Mn: .05 ppm
Silica, SiOZ: 13°4 ppm
Nitrate, NO3 as N: : 1.6 bpm
Fluoride, F: 1.0 ppm
Chloride, Cl: 17.0 ppm
Sulphate, S0,: 93.4 ppm
Bicarbonate, HCO;: 20 ppm
Carbonate, COB: 21 ppm
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Table 7. Mineral anélysis of Des Moines tap water on
November 9, 19673

pH: 10.53
Dissolved solids: 197 pPm
Total solids: ‘ ‘ 197 ppm
Alkalinity as.QéCOB: - 56 ppm
Non-carbonate hardness: 43  ppm
Total hardness: 99 ©  ppm
Calcium, Ca as’CaCOB: 37.4 ppm
Magnesium, Mg as CaCOj: _ 62.1 ppm
Potassium, K: ' 37.8 ppm
Sodium, Na: | 10.1 oppm
Iron, Fe: .05 ppm
Manganese, Mn: | ' < .OB'bpm
Silica, SiOZ:‘ ‘ 12 ppm
Nitrate, NO, as N: | 0.01 ppm
Fluoride, Fs . 1.05 ppm
Chloride, Ci: 16.5 ppm
Sulphate, 504: 72.1 ppm
Bicarbonate, HCOB: None
Carbonate, CO.,: 34.8 ppm

3




. Table 8.
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Mineral analysis of the University tap

November 10, 1963

water on

Total residue:

Alkalinity as CaCO,:

Aluminum, Al:
Calcium, Ca:
Chloride, Cl:
Copper, Cu:
Fiuoride, I

Iron, Fe:
Magnesium, Ng:
Manganese, Mn:
Nitrate, NO3 as N:
Phosphate, POM:
Potassium, K:
Silica, SiOZ:
Sodium, Na: |

Sulphate, SOQ:

0.70
0.15
2.50

12.0

19.5

210.0

bpm
Ppm
ppm
Dopm
bpm
bpml-
rrm
bpm
Ppm
ppm
bpm
ppm
ppm
bpm
ppm

ppm
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VI. TEST RESULTS
A. Constant Head Permeameter

1. BSeries "C", Besults

Series "C" tests were made to determine the effect of
the weight of precoat and the time of filtration on the filter
cake permeability in the CHP filter. This series has been
discussed previously on pages 56 to 65 of this thesis.

The averages of the data collected in these runs are
tabulated in Tables 9 and 10, A typical curve for the data
tabulated in these two tabies_are plotted in a single diagram
in Fig. 9. Table 9 includes the average of the data for six
separate runs using 5 grams of Celite—535'as a precoat in the
CHP filter. Table 10 also includes the averages of the data
from six separate runs, but using 10 grams of Celite-535 as
. a precoat in the CHP filter. In both tables, the rates of
- flow were determined from the average time required for
collécting’a certain volume of filtrate (Appendix C). Temper-
atures, recorded for each separate run, were averaged arith-
matically as shown in Tables 9 and 10. A correction factor .
was applied for conversion of the flow rate at the tabulated
temperéture to the standard temperature of 20°C (Appendix C).
Corrected flow rates and correcsponding K3 values at the
standard temperature of 20°¢ are tabulated in Tables 9 and 10,

(Appendix C). PFig. 12 shows graphically variation in the K3



Table 9. Variation in K3 of a 5-gram Celite-535 precoat with time in the CHP
filter ,

Time of Rate of flow, Average Correction Flow at K,
filtration, gpm/sq ft temp. factor, 20°¢, . Esmin
minutes C (ﬂ20> gpm/sq ft 15+ gal

Ty

0 33.73 27.75 1.195 28.23 0.60

15 29.96 28.00 1.202 24.93 0.68

30 29.12 28.00 1.202 24,23 0.71

Lg 28.72 28.10 1.205 - 23,40 0.73

60 27.51 28.25 1.209 22,80 0.75

75 : 27.33 28.50 1.215 22430 0,76

90 26,45 28.58 1.217 21.80 0.78

105 26.23 28.87 1.225 . 21 .41 0.79

120 25.76 29.00 1.228 21.00 : 0.81

135 25.50 29,12 C1.232 20.60 0.82

150 25.04 29.30 1.236 _ 20.26 0.84

165 24,53 , 29.38 1.239 19.80 0.86

180 23,84 29.40 1.239 19.24 0.88

18



Table 10. Variation in K3 of a 10~gram Celite-535 precoat with time in the CHP

filter

Time of Bate of flow, Average Correction Flow at K3’
filtration, gpm/sq ft temp. , factor, 20°¢, f£5 < min
minutes C (HZO) gpm/sq ft T gal

My

0 17.19 27.75 1.195 14.38 0.60

15 16.25 28.0 1.202 13.52 0.63

30 15.91 ' 28.0 1.202 13.23 0.64

L5 15.71 28.10 1.205 13.04 0.65

60 15.54 28.25 1.209 12.85 0.66

75 15.29 28.50 1.215 12.58 0.67

90 15.19 28.58 1.217 12.48 0.68

105 15.02 28.87 1.225 12.26 0.69

120 14,94 29.00 1.228 12.16 0.70

135 14.82 } 29.12 " 1.232 12.03 0.705

150 14,76 29.30 1.231 : 11.94 0.71

165 14,64 29.38 1.239 11.82 0.72

180 14.35 29.40 1.239 11.58 ' 0.73

Z8
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values for a 5-gram Celite-535 precoat with time of filtration

in the CHP filter.
2. Seriés "A", Besults

This series was conducted To determine the effect of
solutions of fourteen different salts on the permeability of
5 grams of filter aid used as a precoat in CHP filter. This_
séries of tests has been described in the previous section
(pages 65 to 69). Solutions of salts were added to the dis-
tilled water after one hour of filtration through the precoat
of Celite-535. From four to six different concentrations of
each chemical have been filtered through a single precoat in
evaluating the effect of the different salt concentrations
on the permeability of the cake.

The results of these tests are tabulated in Tables 12 to
25. The chemicals used in this series are grouped as shown
in Table 11. |

In Tables 12 to 25, the times of filtration and the salt
concentrations used have been tabulated. Flow rates that
would have been observed without the salt at any time of
filtration were taken from Fig. 9. Temperatures have been
averaged for all the runs which have been conducted with a .
certain chemical and are tabulated in the above tables. Values
of pH recorded are approximate. Every chemical in Table 11
has been used in at least three tests for the purpose of pro-

viding the best representation of its effect on the K3 value



Fig. 12. Plot showing variation in K3 of 5-gram Celite-

535 precoat with time of filtration at the
standard temperature of 20°C in the CHP filter
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Table 11. Location of data from the Series "A" tests con-
ducted with CHP filter

Family Salt solution Results in Results in
table no. fig. no.
Chloride- Sodium Chloride 12 13
Calcium Chloride 173
Aluminum Chloride 14
Sulfate Aluminum Sulfate 15
Potassium Sulfate 16
Sodium Sulfate 17
Magnesium Sulfate 18
Ferrous Sulfate 19
Hydroxide Sodium Hydroxide 20
Potassium Hydroxide 21
Carbonate Potassium Carbonate 22 13
Sodium Carbonate 23
Bicarbonate  Sodium Bicarbonate 2k

Potassium Bicarbonate 25




Effect of the concentration of NaCl on the K3 of a 5-gram Celite-535

Table 12,
precoat in the CHP filter
Time of Flow rate BSalt Average . Calculated Temperature Flow rate K, with
filtra- without concen- temp., pH flow rate correction with s%lt éalt
tion, salt at  tration T at T°C _ factor at 20°C
20°C
(Fig. 9)
1) 5mi
. - 20 .
min gpm/sq ft m x 10 3 °¢c gpm/sq ft T gpm/sq ft %g_gli_n
60 - 22.80 0 27.8 6.98 27 4 1.197 22.8 0.745
75 22.3 1.06 28.2 6.98 27.5 1.207 22.7 0.750
90 21.8 2.12 28.5 7.15 27.7 1.215 22.7 0.750
105 21.4 L, 24 28,8 7.06 27.6 1.223 22,6 0.753
120 21.0 8.48 29.0 7.00 27.0 1.228 22.0 0.773
135 20.6 16,96 29.1 6.91 26.3 1.231 21.3 0.798

48



Table 13. Effect of the concentration of CaCl, on the K3 of 1 5-gfam Celite-535

precoat in the CHP filter

T?me of F}ow rate Salt Average Calculated Tempera?ure F;ow rate K3 with

filtra-~ without concen- temp., pH flow rate correction with salt salt
tiomn, saégozémt tration T at TOC factor at 20°C

(Fig. 9) | .

min  gpm/sq £t m x 1070 %0 gpm/sq Tt ”_n,zg gpm/sq Tt %_?é_g_%g

60 22.8 0 25.6 7,17 26.0 1.139 22,80 0.745
75 22.3 0.707 25.8 7.10 25.0 1,145 21.78 0.781
90 21.8 1.414 25.9 7.27 23.9 1.147 20.77 0.820
105 21 .4 2.828 26.2 7.43 22.1 1.155 19.07 0.891
120 21.0 5.656 27.1 7.77 19.5 1.179 16,46 1.033
135 20.6 11.312  27.4  8.33 13.4 1.186 11.25  1.510

88



Table 14. Effect of concentration of AlCl3 on the K3 of a Celite-535 precoat in
the CHP filter
Time of Flow rate Salt Average Calculated Temperature Flow rate K3 with
filtra- without concen- temp., pH flow rate correction with salt salt
tion, salt_at tration T at TOC factor at 20°¢C
20°C
(Fig. 9) .

-3 o) nzo ft5'min
min gpm/sq £t m x 10 C gpm/sq ft jﬁ; gpm/sq ft Togal
60 22.80 0 26.5 7.10 26,41 1.16 22.80 0.745
75 22.30 0.53 27.0 L, 34 28.30 1.18 23.95 0.710
90 21.80 1.06 27.0 .19 28.80 1.18 24,36 0.698

105 21,40 2.12 27.3 h,11 28.50 1.18 24,15 0.705
120 21,00 L, 24 27.3 3.97 28.80 1.18 24 43 0.695
135 20.60 8.48 27.5 3.84 28.60 1.19 24,23 0.702
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of a 5-gram Celite-535

Table 15. Effect of the concentration of Alz(SOLp); on the K3
precoat in the CHP filter
Time of Flow rate ©Salt Average Calculated Temperature Flow rate K3 with
filtra- without Cconcen- temp. , pH flow r%te correction with salt salt
tion, salt at  tration T at T°C factor at 20°C
20°C
(Fig. 9) ]
. - 20 Tt emin
min gpm/sq ft m x 10 5 °c gpm/sq Tt T gpm/sq ft TETEET—
60 22.8 0 28.5 6.02 27.7 1.215 22.80 0.745
75 22.3 0.425 28.9 L,16 26.8 1.225 21.89 0.777
90 21.8 0.850 28.9 3,96 27.0 1.225 21.95 0.775
105 21.4 1.700 29.1  3.74 28.0 1.231 22,67 0.750
120 21.0 3.400 29.1  3.50 28.7 1.231 23.24  0.732
135 20.6 6.800 29.3 3.26 28,8 1.236 23.36 0,726
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Table 16. Effect of the concentration of KZSO4 on the K3 of a 5-gram Celite-535
precoat in the CHP filter

- Time of Flow rate Salt Average Calculated Temperature Flow rate K, with
filtra- without concen- temp., pH flow rate correction with salt 3salt
tion, saégogt tration T at TOC factor at 20°C
(Fig. 9)
min gpm/ég ftmx 1072 °c gpm/sq £t 2%5 gpm/sq ft %%?ég%ﬁ
60 22.8 0 26.6 6.78 26.3 - 1.150 - 22,80 0.745
75 22.3 0.707 26.2  6.60 26.3 1.154 22.75 0.748
90 21.8 1.4k 26.5 6.61 26.2 i.163 22.49 0.756
105 21.4 2.828 27.0 6,66 26.1 1.176 22.17 0,767
120 21,0 5.656 27.3 6.58 26.1 1.184 22.00 . 0.773h

135 20.6 11.312 26.8 6,57 25.9 1.195 21.60 0,788
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Table 17. Effect of the concenpration of Na.ZSO4 on the K3 of a 5-gram Celite-535
precoat in the CHP filter ‘
Time of Flow rate Salt Average Calculated Temperature Flow rate K, with
filtra- without concen- temp., pH flow rate correction with salt 38a1t
tion, saégoit tration T at TOC | factor at 20°cC
(Fig. 9)
min gpm/sq ft m x 1077 °¢ gpm/sq ft . ET]ZEO' gpm/sq ft {—XJ{;S—_g—ra%B
60 22.8 0 28.5  6.35 27.6 1.21 22.8 0.745
75 22.3 0.7 28.5 6.18 25,0  1.21 20.6 0.826
90 21.8 1.4 28.5 6.08 23.2 1.21 19.2 0.886
105 21 .4 2.8 28.5 6.07 22.0 1.21 18.2 0.935
120 21.0 5.6 28.5 6,07 20.8 1.21 17.2 0.992
135 20.6 11.2 28.5 6.16 19.0 1.21 15.7 1.081
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Table 18. Effect of the concentration of IVIgSOLP on the K

precoat in the CHP filter

3

of a 5-gram Celite-535

Time of Flow rate Salt Average Calculated Temperature Flow rate K, with

filtra- without concen- temp., pH flow rate correction with salt 3salt
tion, saltoat tration T at TOC factor at 20°C
20°C :
(Fig. 9) . ]

min gpm/sq ft m x 10=3 °¢ gpm/sq Tt 20 gpm/sq ft %%fl&%ﬂ
T ga
60 22,8 0 27.75 6.97 27.30 .195 22.8 0.745
75 22.3 1.06 27.75 7.07 26.20 .195 21.9 0.777
90 21.8 2.12 27.62 6.97 25.4 .192 21.2 0.803
105 21.4 L2k 27.62 7.00 24,9 .192 20.8 0.818
120 21.0 8.48 27.62 6.90 2L, 4 .192 20.4 0.835
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Table 19. Effect of the concentration of FeSOu on the K3 of a 5-gram Celite-535

precoat in the CHP filter

Time of Flow rate Salt Average Calculated Temperature Flow rate K3 with
filtra- without concen- temp.,. pH flow rate correction with salt salt
tion, salt at tration T | at T°C factor at 20°C
20°C :
(Fig. 9)
ll . 5. .
. -3 0 20 ft--min
min gpm/sq ft m x 10 C gpm/sq ft em;- gpm/sq ft o gal
60 22.8 0 28.7 6.77 27.90 1.222 22.80 0.745
75 22.3 1.06 28.5 5.22 2.86 1.215  2.35% 7,25
90 21.8 2.12 28.5 L,97 1.92 . 1.215 1.58% 10,80
105 21 .4 ly, 24 28.0 4.88 1.66 1.202 1.38% 12,30

*
A yellow precipitate of iron was noticed on the top of the diatomite precoat
each time, with increasing density and color with increasing salt concentration.
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Table 20. Effect of the concentration of NaOH on the K3 of a 5-gram Celite-535
precoalt in the CHP filter

Time of Flow rate Salt Average Calculated Temperapure F}ow rate K3 with
filtra- without concen- temp. , pH flow rate correction with salt salt
tion, sa%gogt tration T- at 79C factor at 20°C
(Fig. 9)
min gpm/sq ft m x 10"3 e gpm/s8q ft 2%? gpm/sq ft %%iég%ﬁ
60 22.8 0 22,0 7.36 24,0 1.049 22.80  0.745
75 22.3 1.05 23.0 10.56 20,1 1.074 18.67  0.913
90 21.8 2.10 23.7 10.92 19.4 1.090 17.79 0.956
105 21l.4 L. 20 24.3 11.23 19.2 1.107 17.37 0.982
120 21.0 8.40 25.0 11.57 17.8 1.125 a ‘15.75 1.080

135 20.6 16. 80 25.2 11.80 14,5 1.129 12.77  1.333
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Table 21.

Y

Effect of the concentration of KOH on the K3 of a 5-gram Celite-535
precoat in the CHP filter.

Time of Flow rate Salt Average Calculated Temperature Flow rate K3 with

filtra- without concen— temp., pH flow rate correction with salt salt
tion, salt_at tration T at T°C factor at 20°C
207C
(Fig. 9) : s

min gpm/sq ft m x 1072 °c gpm/sq ft 20 gpm/sq ft %%7!121
T gal
60 22.8 0.00 18.8 6.73 22.2 0.97 22.8 0.745
75 22.3 1.06 20,0 10.52 18.3 1.00 18.3 0.930
90 21.8 2,12 20.7 11.00 18.4 1.02 18.0 0.945
105 21.4 L, 24 21.5 11.35 18.7 1.04 18.0 0.945
120 21.0 8.48 22,0 11.67 18.9 1.05 18.0 0.945
135 20.6 16,96 22,3 12.00 18.1 1,06 17.1 0.995
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Table 22.' Effect of the concentration of K2C03 on the K3 of a 5-gram Celite-535
precoat in the CHP filter :

Time of Flow rate ©Salt Average Calculated Temperature Flow rate K3 with

filtra- without concern- temp., pH flow r%te correction with salt salt
tion, salt_at tration T at T-C factor at 209C
20°C

min gpm/s8q ft m x 10'3 °c gpm/sq Tt 29 gpm/sq ft %%—iﬂlﬂ
T gal
60 22.8 0 24,6 7.00 25.4 1.115 22.80 0.745
75 22.3 0.707 26.0 10.00 24,2 1.150 21.00 0.810
90  21.8  1.414  26.8 10.20 2L 6 1.172 21.00  0.810
105 21.L 2.828 26.3 10.40 24 .6 1.158 21.20 0.803
120 21.0 5,656 26;3 10.62 24,8 1.158 21.40 0.795

135 20.6 11.372 26.2 10.78 24,0 1.154 20.60 0.826

46



Table 23. Effect of the concentration of Na2003 on the K3 of a 5-gram Celite-535
precoat in the CHP filter
Time of Flow rate Salt Average Calculated Temperature Flow rate K3 with
filtra- without concen-— temp. , pH flow rate correction with salt salt
tion, salt at tration T at T°C factor at 20°cC
20°C
(Fig. 9)
T 5 .
. -3 o} 20 ft-.min
min gpm/sq ft m x 10 C gpm/sq ft ————T]T gpm/sq ft o sal
60 22.8 0.00 27.0 7.28 26.7 1.17 22.8 0.745
75 22.73 0.71 26.8 9.99 26,4 1,17 22.5 0.756
90 21.8 1.42 26,7 10.21 26.5 1.17 22,6 0.753
105 21.4 2,84 26.5 10.41 26.2 1.16 22.5 0.756
120 21.0 5,68 26,5 10.55 26.0 1.16 22,4 0.760
135 20.6 11.36 26.5 10.70 25.7 1.16 22.1 0.770
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Effect of the concentration of NaHCO3 on the K3 of a 5-gram Celite-535

Table 24,
precoat in the CHP filter
T;me of F}ow rate Salt Average - Calculated Temperapure F}ow fate K3 with
filtra-~ without concen- temp., pH flow rate correction with salt salt
biom, saltoat  tration T at T°C factor at 20°C
(Fig. 9)
min gpm/sq ft m x 1077 °¢ gpm/sq ft 2%5 Vgpm/sq ft %%iég%g
60 22.8 0.00 25.2  6.86 25.8 1.13 22.8 0.745
75 22,3 1.06 25.2 7.85 24,8 1.13 21.9 0.777
90 21.8 _2’.12 25.8  8.16 2l ,1 | 1.15 20.9 0.815
105 214 L, 2L 26,2 8.58 22.5 .1.1'5 19.5 0.873
120 21.0 8.48 26.3 8.75 21l.5 1.16 18.5 0.920
135 20.6 16.96 26.0 8.78 20,6 1.15 17;9 00951
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Table 25. Effect of the concentration of KHCO3 on the'K3 of a 5-gram Celite-535
precoat in the CHP filter '

Time of Flow rate Salt Average Calculated Temperature Flow rate K3 with
filtra~ without concen—~ temp., pH flow r%te correction with salt salt
tion, salt_ at  tration T . at T°C factor at 20°C
‘ 20°C ' ‘
(Fig. 9) . ]
min gpm/sq ft m x 1072 °¢ gpm/sq ft 20 gpm/sq ft {%TLEEE
7 gal-
60 22.8 0 25.5 6.97 26.0 1.137 22.80 0.745
75 22.3 1.06 25.8 7.85 26.4 1.143 23.00 0.740
90 21.8 2.12 25.8  8.12 27.0 1.143 23.45 0.725
105 21.4 L, 24 25.5 8.32 26.7 1.137 23.36 0.728
120 21,0 8.48 25.8 8,43 27.0 1.143 23.54 0.723

135 20.6 16.96 25.8 8.4 - 27.1 1.143 23,70 0.717

00T



Fig. 13. Plot of rate of flow of different electrolyte
solutions at different concentrations through

5-gram of Celite-535 versus time of filtration
(data collected on the CHP filter)
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Fig. 14. K3 of Celite-~535 in standard units versus salt

concentration at standard temperature ofVZOOC
(from data collected on the CHP filter)
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of the filter aid. The average flow rates have been deter-
mined for individual runs in the normal way as described in
Appendix C are tabulated in each table. The flow rates at

a standard temperature of 20°C are tabulated in these tables
after the introduction of the correction faotoré for tempera-
ture (Appendix C).‘ Finaliy, the corresponding K3'values in
standard units have Dbeen calculated from the corresponding
flow rates at ZQOC as déscribed in Appendix C.

Fig. 13 shows a compilation-of some 6f the data in a
single figure which showé the range of flow rates versus the
time of filtration obseryed in the CHP filter with both dis-
tilled wéter and salt solutions. Fig. 14 also shows a compi-
lation of some of the data in a single figure which shows the

values of K3 versus salt concentration.

B. K3 Filter

1. Series "D", Results

The series "D" tests were made to determine what factors
affect the reproducibility of test results with the K3 filter.
In one group of runs, wafer was filtered through a given weight.
of precoat and the head loss was recorded at various times of
filtration. Typical results of such runs are included in
Table 26 and are plotted in Fig. 11. ‘ These tests;were dis-~
cussed on page 69 of this thesis.

A second group of runs were made to show the effect of
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time of filtration on the actual value of K3 which was cal-
culated from the test results. Table 27 shows the results of
‘such a'test using 6 grams of Celite—535'fi1ter ald as a pre-
coat. These results were discussed on pages 70 and 73 of
this thesis.v
2., Series "E", Results

The seriés "E" tests were conducted to detérmine the
effect of using several different tap waters,in the determin-
ation of the standard value of XK, using the K

3 3

data collected .in these runs are tabulated iri Tables 28 to

filter. The

32. A t&pioal set of data are plotted in Fig. 15 and Fig. 16.
Each table includes theldata for tWo or more separate runs
with different weights of precoat. The resulté‘from each of
these runs could be plotted as shown in Fig. 15 to provide a
measure of K3° The K3 value for -each run may be.determined
from the slope.of the graph of head loss versus discharge as
described in Appendix C. Each table includes data showing
the rate of flow, the product of rate of flow and the precoat
weight, and the head loss observed in each run.

The K3 shown in the table represents the K3 determined
by a plot for data of'that'specific run only. In addition two
other values of K3 are included in each table. The mean value
of K3 is the afithmetic average for each K3 determined in the
individual runs. The combined data K, value also shown in

3

each table represents the value of K3 which 1is obtalned when



107

Table 26. BResults of series "D" tests showing variation in
head loss with time of filtration when distilled

o water was filtered at 5+60 ml/sec through two
weights of C-535 precoat using the K3 filter

Time of Head loss through¥* ' Head loss through*
filtrgtion, 3 grams precoat 5 grams precoat

min ‘

0 3.4 | - 6.5
5 3.4 6.6
10 : 3.6 6.7
15 3.6 | . 6.9
20 3.6 7.0
25 3.7 | 7.0
30 3.8 | 7.1
35 ‘ 3.9 7.1
40 - 4.0 7.3
us 5.1 7.4

3¢ '
Head loss in inches of manometer fluid at ZOOC.

all the data collected from all runs with a given water are
combined to produce a‘single curve of head loss versus the

" product of discharge and precoat weight as shown in Fig. 16.
The variation in the value of K, has been discussed previously

3
on page 7.4.
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Table 27. Results of series "D" tests using Celite-535 in

the determination of K3 using the K3 filter
Precoat Time of Discharge, '~ Head loss,* K.,
weight, °~ filtration Q, Cn, : 3
gms min ml/sec inches ft7.min
Tb-gal
6 0 5.60 7.5
L.50 6.0 :
3.35 o4 0.52
2.25 3.0
1.13 1.5
6 10 5.60 7.5
L.50 6.1 |
3.35 b, n 0.52
2.25 3.0 ’
1.13 1.6
6 20 5.60 7.6
4.50 6.1
3.35 Loh 0.53
2.25 - 3.1
1.13 1.6
6 30 5,60 7.6
" L,.50 6.2
3.35 4.5 0.54
2.25 3.1
1.13 1.6

¥*
Head loss in inches of manometer fluild at ZOOC.
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Table 28. Results of series "E" tests using Celite-535 with
distilled water in determination of K3 using the
K., filter, November 7, 1963

3
Precoat . Discharge Product of Head™ K.,
welght, W Q, QW loss, 53
‘ , h ft-.-min

gms ml/sec gm x ml/sec inches 1b-gal
3 5.60 16.80 4,10
4,50 . 13.50 3.30

3.35 10.05 2.40 0.535
2.25 . 6.75 1.60
1.13 . 3.39 0.80

L 5,60 22.4 5.40 .
L,50 18.0 L.50

3.35 13.40 3.20 0.538
2,25 9.00 2.10
1.13 .50 1.10
5 5.60 28.00 6.54
h.50 22.50 . 5.20

3.35 16.75 3.60 0.523
2.25 ©11.25 2.60
1.13 5.65 1.30

Mean 0.532

Combined Data (Fig. 16) 0.530

kY

KHead loss in inches of manometer fluid at ZOOC.
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Table 29. Results of series "E" tests using Celite-535, with
Ames tap water in determination of K3 using the K3
filter, November 11, 1963

Precoat Discharge Product of Head* | K.,
welght, W Q, QW loss, - 3
| h ££2-min

gms ml/sec gm x ml/sec inches 1b-gal
3 5.60 16.80 L,s
4,50 13.50 3.6

3.35 10.05 2.5 0.576
2.25 6.75 1.7
1.13 3.39 0.8
i 5.60 22.40 5.9
L, 50 18.00 bh.7
2.25 9.00 2.3
1.13 .52 1.1
6 5.60 33.60 8.3
4,50 27.00 6.6

3.35 20,10 b,7 0.540
2.25 13.50 3.1
1.13 6.78 1.6

Mean 0.565

Combined Data 0.565

B
’

'rHead loss in inches of manometer fluid at ZOOC.
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Table 30. Results of series "E" tests using Celite-535 with
' Des Moines tap water in determination of K3 using

the K3 filter, November 9, 1963

Precoat Discharge  Product of Head" K.,
weight, W = Q, ' Q* W loss, 53
h ft-.min
gms ml/sec gm x ml/sec inches 1b-gal
I 5.60 22.40 5.9
4.50 18.00 b7
3.35 13.40 363 0.570
2.25 9.00 2.2
1.13 4,52 1.2
5 5.60 28.00 7.6
4,50 22.50 6.0
3.35 16.75 bob 0.580
2.25 11.25 3.0
1.13 5.65 1.4
}Mean 0.575
Combined Data - : 0.580

S

mHead loss in inches of manometer fluild at_ZOoC.

Tests were conducted to determine the effect of five
different waters on values of K3 of Celite~535. The results
obtained with the different waters are summarized in Table

"33 and are shown graphically in Fig. 17.
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- Table 31. Results of series "E" tests using Celite-535 with
College tap water in determination of K3 using the

K3 filter, November 10, 1963

Precoat Discharge Product of Head® - K3’
weight, W - Q, QW an loss, 5
" | n £t min
gms ml/sec gm X ml/sec inches 1begal
3 5.60 16.80 .6
L.50 13.50 3.7
3.35 10.05 2.6 0.595
2.25 6.75 1.7
1.13 3.39 0.7
Iy 5.60 22.40 6.3
L. 50 18.00 5.0
3.35 13.40 3.5 0.616
2.25 9.00 2.5
1.13 h.52 1.3
6 5.60 33.60 9.5
4,50 27 .00 7.7
3.35 20.10 5.4 0.620
2.25 13.50 3.6
1.13 6.28 1.8
Mean 0.610
Combined Data ‘ 0.610

3

3
Head loss in inches of manometer fluid at 20°¢C.
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Table 32. Results of series "E" tests using Celite-~535 with
Ames-Zeolite softened tap water in determination

of K3 using the K3 filter
Precoat Diécharge Product of Head* K,y
weight, W . Q, Q- W loss, _53
' h ft-.min
gms ml/sec gm x ml/sec inches 1begal
Ly 5.60 22.40 5.8
4,50 18,00 L.5
3.35 13.40 3.2 0.555
2.25 3.00 2.2
1.13 b,52 1.1
5 5.60 28.00 6.6
. 4,50 22,50 5.3
3.35 16.75 3.8 0.525
2425 11.25 2.7 -
1.13 5.65 1.3
Mean 0.540
Combined Data | 0.540

*
Head loss in inches of manometer fluid at ZOOC°

3. DSeries "F", Results

This series,waé conducted to find the effect of salt
concentration on the permeability of the filter aid used as
a precoat. The permeability of the filter‘aid was measﬁred
by determining the K3 in the K3 filter as described on page
73 . The results of these tests are tabulated in Tables 34
to 39. 1In each table, seﬁeral runs were made with a cbnstant

precoat weight in which the concentration of salt in solution



Fig. 15. Determination of the K3 of diatomite from data

collected on the K3 Filter (Separate data)
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Fig. 16. Determination of the K3 of diatomite from data
collected on the K3 Filter (Combined data)
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Fig. 17. Bar graph showing. relative values of K3 of

Celite-535 using different waters at a standard
' temperature of 20°0C
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Table 33. Effect of type of water used on the value of K3
of Celite-535 at a standard temperature of 20°¢C

Source of water Table no. pH K3,
££2.min
1o - gal
Distilled water 28 . 7.1 0.530
Ames tap water | 29 9.6 0.565
Des Moines tap water 30 10.5 0.575
College tap water 31 8.5 0.610
Ames-Zeolite softensd tap water 32 . 7.5 0.540

was increased from run'fo fun (pages 53 -54). The data for
each run were plotted in a typical graph (Fig. 15) and used
to determine the value of Ké.

Fig. 18 shows a compilation of all of the data in a
slngle figure which shows the value 6f K3 versus the salt
concentration. Table 40 shows a summary of where the data
are to be found for each salt used in thls series.

The results shown in Fig. 18 indicate that the use of‘
water containing KOH, CaCl2 and Na2804 gave higher values of
K3 than tests conducted with the use of distilled water.

With the salt concentrations used, K, continues to increase

3

with increasing concentration of salts.
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Table 34. Results of series "F" tests using AlZ(SO”)3
solutions in determination of K, of Celite-535

using the K; filter 3
Precoat Salt Discharge Head* K
welight concentration Q, loss 53
~h ft-7-min
gms m x 1077 ml/sec . inches 1b.gal
L 0 5.60 53
4.50 4.1
3.35 3.0 0.523
2.25 2.0 '
1.13 1.0
L 01.82 5.60 b.9
o .50 3.9
3.35 2.9 0.476
2.25 1.9
1.13 0.9
Ly 3.64 5.60 L.8
4,50 3.8
3+35 2.9 0.470
2.25 1.9
1.13 1.0
L 7.28 5.60 k.9
9.50 b.o
3.35 2.9 0.490
2.25 2.0
1.13 1.04
Ly 14,56 5.60 5.0
4,50 k.o _
3.35 3.0 0.500
2.25 2.0
1.13 1.0

5 .
Head loss in inches of manometer fluid at ZOOC.
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Table 35. Results of series "F" tests using FeClB-SOlutions
in determination of K, of Celite-535 using the K

filter 3 3
Precoat Salt Discharge Head* K3
weight - concentration Q, loss 5
‘ 3 h ft-'min
gms mx 1007 ml/sec inches 1Tbegal
L 0 5.60 5.6
4,50 bl
3.35 3.1 0.523
2.25 2.0
1.13 1.1
L 4,56 5.60 5.10
h.50 b1
3.35 2.8 0.480
2.25 1.9
1.13 1.0
L 13.65%% 5.60 5.6
4,50 hob
3.35 3.1 : 0.520
2.25 2.1 ,
1.13 1.1

KHead loss in inches of manometer fluid at ZOOC
"No further solution was added to the tank, due to

the distinct formation of a yellow layer on the surface of
the cake. '
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Table 36. Results of series "F" tests using AlCl3 solutions
in determination of K, of Celite-535 using the K

filter 3 3
Precoat Salt Discharge Head* K
weight concentration Q, loss 53
‘ -3 h ft<.min
gms - m x 10 : ml/sec inches 1b-gal
6 0 5.60 8.4
v , L.50 6.6
3.35 L.8 0.530
2.25 3.3
1.13 1.6
6 2.145 5.60 8.15
L.50 6.45 ‘
3.35 h.72 0.517
2.25 3422
1.13 1.60
6 4,29 5.60 8.0
.50 6.3
3.35 b.7 0.500
2.25 3.2
1.13 1.5
6 8.58 5.60 7.40
L.50 6.00
3.35 L.,bo 0.485
2.25 3.04
1.13 1.55
6 14.75 5.60 7.1
: .50 5.9
3.35 L4 0.473
2.25 3.0
1.13 1.4

wHead loss in inches of manometer fluid atJZOOC.
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Table 37. Eesults of series "F" tests using Na2804 solutions

in determination of K, of Celite-~535 using the K

filter 3 3

Precoat Salt Discharge Head* K4

weight concentration Q, loss 53
3 h ft-.min

gms m x 107 ml/sec inches 1b*gal
6 0 5.60. 8.4
.50 6.8

3.35 5.0 0.530
2.25 3.3
1.13 1.7
6 2.,81%* 5.60 8.5
k.50 6.8

3.35 5.1 0.565
2.25 3.6
1.13 1.8
6 5.62%% 5.60 8.5
L,.50 6.8

3.35 5.2 0.570
2.25 3.7
1.13 1.8
6 11.25%%% ~ 5.60 8.8
L.50 7.0

335 5.4 0.590
2.25 3.6
1.13 2.0

¥+
Head loss 1in inches of manometer fluid at ZOOC.

) wCake imperfectly formed (may cause slight decrease
in K.).
3

%%
New cake.
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Table 38. 'Results of series "F" tests using Celite-535 with
‘ Ca.Cl2 solutions in determination of K3 using the

K3 filter
Precoat Salt Discharge Head* K
welilght concentration Q, loss 53
' h ft-.min

gms mx 1077 ml/sec inches 1b-gal
6 0 5.60 8.4
L.50 6.8

3.35 5.2 0.530
2.25 3.5
1.13 1.8
6 2.83 5.60 8.2
4,50 6.7

3.35 5.0 0.552

2.25 3.4 '

1.13 1.8
6 5.66 5.60 8.4
.50 6.8

3.35 5.2 0.563
2.25 3.5
1.13 1.8
6 11.32 5.60 8.6
4,50 7.0

3.35 5.3 0.580
2.25 3.6
1.13 1.9
6 22.64 5.60 9.8
: L.50 8.1

3.35 6.2 0.663
2.25 b L
1.13 2.2

"Head loss in inches of mamometer fluid at 20°C.
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Table 39. Results of series "F" tests using Celite-535'with
KOH solution in determination of K, using the K
filter 3 3

Precoat Salt Discharge Head* K
weight concentration Q, loss 53
h  ft-e'min
gms m x 1077 ‘ ml/sec inches 1b-gal

.60
.50
.35
.25
.13

. * o

TESTW I =ToN

0.52

oW EUr
= oW Eln

b h.2k . 60

. 50
.35
.25
.13

0.580

oW EU
oW Eon

DWW

Iy 8.48 .60

.50
3.35
2.25
1.13

WU

0.61

|2 VAN I SuN @)

(VI 2 U\ N @)

L 16.96 5.60
4.50
3.35
2,25
1.13

0,790

|l AVACVAN O
. L ] * L] .
o ENNO N

WHead loss in inches of manometer fluld at 20°¢C.
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Table 40. Summary of the tables and figures of the "F" series

results conducted with K3 filter

Salt solution " Results in Results in

table no. fig. no

Aluminum Sulfate 34 18

Ferric Chloride 35

Aluminum Chloride 36

Sodium Sulphate 37

Calcium Chloride 38

.Potassium‘Hydroxide v -39

The results in Fig. 18 again indicate that the other
three chemicals, A12(504)3, FeClB, and AlCl3 gave éhaller
values of K3 than tests conducted with the use of distilled
water. However, with A12(804)3’ the K3 values started to.

ftd.min

increase from its lowest value of 0.470 To-gal aﬁ a salt

concentration of asbout 4 x 107°m to 0.5000 iﬁéi@iﬂ at a salt
1b-gal
concentration of about 15 x lO—Bm, then levels off. But with

5
. .. +min
FeClB, the K3 value reaches its minimum of K3 = 0.480 TE___T—

at about 5 x 10'3m, then increases with the increase of salt

concentration to about that of distilled water of



Fig; 18. K3 values of Gelite-535 in standard units

versus salt concentration at standard
temperature of 20°C (from data collected

on the K3_filter)
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b gal

K, = 0.520
A typical range of K3 values obtained with a standard

salt concentration of 3 x lO"3 m 1is shown in Table 41 and

in Fig. 19. These values were obtained by reading the appro-

priate K3 values from Fig. 18 at the above salt concentration.

Table 41. Relative values of K3 of Celite-535 using different

chemical solutions at a fixed concentration and a
temperature of 20°C .

Solutions | ‘Concentration Concentration K3
5 .

- R

m x 10 3 ppm 'T%TEE%E

Al,(50,) 4 3 1000 0.470
FeCl3 3 485 " 0.485
AlCl3 3 Lboo 0.508
Distilled water A B 0.520
CaCl, 3 334 0.555
'Nazsou 3 L27 0.565

KOH 3 170 0.575




Fig. 19. Bar graph showing relative K3 values of .

Celite=535 for different eieotrolyte
solutions at a standard concentration of
3 x 10=2m (using the Ky filter)
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VII. DISCUSSION OF TEST RESULTS
A, General

Tests were conducted in this investigation to determine
the effect of cations and anions in solution on thé.permea—
bility ofvdiafomite filter aid. .Celite;535 from a single
50 1b. shipment from the Johns-Manville Corporation was
selected as the commercial grade of diatomite filter aid
used in ali tests.

Test runs were conducted with both é Constant Head
Permeameter (CHP) and a K3 filtgr. Early efforts were
directed to making standard permeability determinations using
typical CHP apparatus. Then, after qulication of the theory
of diatomite filtration, the use of the K3 permeability”coef—
ficient was found to offer significant advantages in saving
time, material, and providing increased accuracy of test
results. As a result, the K3 filter was designed, built and
operated later in this study in the investigation of the

effects of dissolved ions on the permeability of diatomite

filter aid.
B. CHP Filter Results:

A1l of the electrolytes which were studied in different
runs with the CHP filter were found to affect the permea;

bility of the filter aid (Figs. 13 and 14):
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1. Some of the éhemicals in solution increased the
permeability of the filter aid, or decreased the K3 values,
from those observed using distilled water at any time of
filtration.

2. Another group of ohemicals.in solution decreased the
permeablility of the filter aid, or increased the K3 values,

from those observed with distilled water af any time of

-

filtration.

Now questions may be asked as to how‘fhese éhemioals
affect the filtration results. These observed effects of the
salts 1n solution on the filter cake permeability could be
due to one or more of the followlng reasons:

a. The salts in solution may change the net particle
charge with a resulting change_in.the dispersion of the
diatomite particles in the filter cake.

b. The salts in solution may change thevnature of the
diatomite surface.

c. The salts in solution may change the thickness of
the fixed layer of water around each pgrticle of diatomite.

The degree to which the salts which have been studied
affect the permeability of filter aid using the CHP filter
can be seen in the results of Fig. 14. For example, at a
salt concentration of 10 x 10™°m in Fig. 14, the following
chemicals in solution increase the filtration rates and

decrease the corresponding values of Kj from those obtained
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with distilled water: (arranged in increasing brder of their

effect onAKj)

A1C1

v 3
KHCO3

A12(804)3

Na2CO3
NaCl
K2804
Similarly, the following chemicals in solution decrease
the filtration rates and increase the corresponding values

of K3 from those obtained with distilled water: (arranged

in increasing order of their effect on KB)
K,C0,
MgSOu

NaHCO
3

. KOH
Na2504
NaOH

CaCl2

Table 42 shows the calculated K3 values for Celite-~535

filter aid when the salt solution filtered has an arbitrary

concentration of 10 x lO'Bm.
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Table 42, K3 values of Celite-535 with different electrolyte
solutions using the CHP filter and a S5-gram precoat.

Salt solution Salt concentration

K,
_3 £t9emin
m x 10 ppm lb-gal
A1C1, 10 1340 0.700
KHCO, 10 1000 0.725
AL,(S0,) 10 3400 . 0.732
Na,CO, 10 1060 0.766
NaCl . 10 585 0.775
K,S0,, 10 1730 0.785
H,0 (distilled) ' Standard Value 0.810
K,C0, ' 10 1380 0.815
Mgso,, 10 1200 0.835
N&HCO 10 8L45 0.930
KOH 10 560 . 0.945
Na,SO,, 10 1400 ~1.060
NaOH 10 | Loo 1.120

Ca012 10 - 1100 1.370
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C. K3 Filter Results

Tests conducted -with the K3 filter, basically were
divided into three different serieses, namely "D" "E" and "F".
The first series of funs, or Series "D", were conducted to
determine the reproducibility of the K3 values as determined
under the standard conditions. These results are discussed
on page 105. |

In the series "E" runs, it was found that different tap
waters gave,different values of K3 for a Celite-535. The

Variation in K, values were from K., = 0 530 EEELEEE (for dis-
3 ' 3 : 1begal

tilled water) to K. = 0.610 ££°:nin (for college tap water)
' 3 y Th-gal & p wa

(Table 33). These variatiqn in K3 values, is most probably

be due to the variation in the mineral composition of these

waters (Tables 6, 7, and 8).

In the series "F" tests, the effects of several chemicals

(AIZ(SOQ)B’ FeCl AlClB, Na,50,,, CaCl,, and KOH) were in-

39
vestigated on the permeability of Celite-535 used as precoat
in the K3 filter. Figure 18 shows a compilation of the data |
in a single figure for K3 values versus salt concentration of
all the above mentioned chemicals.

The results in this figure indicate that the K3 vélues
for Celite-535 determined using solutions up to concentration.
of 8 x 10'3m of the above electrolytes will be in the follow-
FeCl

ing order: AlZ(SOM) AlCl

3’ 3°

3 H,0 (distilled water),
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©. CaCl,, Na,S0,, and KOH (K3 values are in increased'ofder). On
the other hand, for.salts concentrations of 10 x 10"3m and over
(Fig. 18),_£he order of the above chemicals as far as K3

values are concerned were as follow: AlClB,
H,0 (distilled water), CaCl;, Na,80,, and KOH.

AlZ(SOu) FeCl

3° 3°

It is interesting to note that the pattern‘of their order
as far as theilr effects on the.K3 values for Celite=535 ére
concerned is about the same when comparing with the results
found with the CHP filter. An explanation of how these chem-
icals affect the permeability of filter ald will be included

in the next section.



139
VIII. INTERPRETATION OF TEST BESULTS

The zeta potential of the particles in a filter media
will change if'an electrolyte solution is passed through the
filter mediai(ég 9). Under a constant pressure, the rate of
filtration will also change (9).

Any change in the electrolyte concentration at the sur-
face of the particles in a colloidal suspension may change the
ion distribution in the hydrated layer around the particle.
As the distribution of the ions changes, the (-potential of .
thé particle will also change. The thickness ofvthe hydrated
1ayer»depeﬁds upon the concentration of the electrolyte (6).
An expansion or éhrinkage of this hydrated layer will lead to
a change in pore space. The well known Debye-HHckel Theory
may be applied to estimate the average thickness of the
hydrated layer at the surface of a particle. If we assume
that the average thickness of the double layer (related to
the thickness of the hydrated layer) is d and the ionio

strength of the electrolyte solution is u;

K

a = :
w1/2 (6)

For water at 25OC, the constant K is equal to 3 x 10_8om (5).
Therefore, according to this equation, the thickness of the
hydrated layer around the diatomlte particles may be calcu-

lated easily for any electrolyte solution of known
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concentration. It is apparent in Equation 6 that as the

. lonic strength (Appendix A) increases, the double layer
shrinks in toward the diatomite particle (6). As the ionic
strength increases the zeta potential will also tend to‘fall
(5, 6, 9).

According to the Debye-HUckel Theory, the thickness of
the hydrated layer around diatomite particles for different
electrolyte solutions should be a function of their ionmic
strength (5). The higher the ionic strength of the electrolyte
solution, the smaller will be the thickness of the hydrated
layer and the higher will bé the permeability of the filter
media. |

If we compare the different values of K, for Celite-535

3
determined using different concentrations of AlCl3 solutions
in the K3 filter (Table 36), we find that as the ionic
strength of the electrolyte solution increased, the permea-
bility of the diatomite also increased and the K3 values
decreaséd. These results are shown in the Table 43.

Fig. 20 shows a plot of K3 values 1in standard»units on
an arithmetic scale versus the square root of ionic stréngth
for (AlClB).sqlupion on a logarithmic scale. This.relation—
ship between K3 and ionic strength is linear whether the plot
is for K3 values versus square root of ionic strength, u 1/2,
or if it is for K3 values versus the reciprocal of the square

1/2

root of ionic strength, u~ , a8 appeared in the Debye-Hlckel
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Table 43. Effect of the ionic strength of solutions of .
AlCl3 on the values of K, of Celite-535 using

3
the K3 filter

Precoat Salt (Tonte strength) 1/2 K,
welght concentration ul 2 :
| 3 ft5-min
gms m x 107 1b-gal
6 0.000 0 .0.530
: 2.145 - 0.1135 0.517
4,290 » 0.1604 0.500
8.580 S 0.2269 0.485
14,750 ) 0.2975 0.473

equation. These results would seem to indicate the change in
K; 1s due to the fact that increasing salt concentrations
reduce the thickness of the double layer.

‘.On the other hand, increasing the concentration of some
electrolytes (increasing the ionic strength-Appendix A) will
decreaée the permeability of the filter media contrary to
what will be predicted from the Debye-HUckel equation. For
example, if we comnsider the K values of Celite-535 determined

3

using solutions of (NaHCO,) at different lonic strengths

3
(Table 24), we find that, as the ionic strength of the

electrolyte solution increased, the permeability of the

diatomite decreased and consequently the K values increased.

3
These results are tabulated in Table 44.



Fig. 20, Effect of the ionic strength of solutions
of AlCl_3 on the values of K3 of Celite-535

using the KB'filter, 20°¢
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Table 44, Effect of the ionic strength of solutions of
NaHCO3 on the value of K3 of Celite-535 using

the CHP filter, at 20°C

Precoat - Salt (Ioniclitrength)l/2 K3
welight concentration 2
-3 -2 ft5-min
gms m x 10 x 10 lb-gal
5 , 0 0 ' 0.745
1.06 3.26 0.777
2.12 L.60 0.815
L, 24 - 6.51 0.873
8.48 _ 9.21 0,920

Fig, 21 shows the variation of K, of Celite—535 on an

3
arithmetic scale versus the square root of ilonic strength of
different solgtions of (NaHCOB) on a logarithmic scale.

Again, we find the relationship between K3 and ionic strength
is straight line, bgt in 'a direction épposite to what would
be predictéd by the Debye-HUckel Theory.

Another explanation of the observations resulting from
this study is that based on the concepts explalning the
formation of the hydrate envelope around diatomite particles.
The hydrate envelope refers to the layer of oriented molecules
of water situated next to the diatomite particles. The

following layers, at an increasing distance from the diatomite

particles, lose thelr orientation and pass into ordinary water.



Fig. 21. Effect of the ionic strength of solutions
of Na.HCO3 on the values of K3 of Celite-535

using the CHP filter, 20°C
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Thus, near the diatomite particle there is a firmly bound
layer of adsorptional water and a diffuse layer of loosely
bound water. The degreevof hydration of tﬁe diatomite
particles, or the amount of bound water assoclated with the
diatomite particle, depends on the magnitude of the particle
charge, the condition of the particle surface and also the
nature and properties of thevadsorbed ions.

As the valency of the cation becomes greater, the
diffusional layer is compressed and the size of the hydration
envelopé decreases. As a result, it will increase the pore
space avallable for free passage for water. Therefore, we
would expect higher flow rates through diatomite precoat
from filtering solutions of aluminum and ferric salts than
from solutions of calcium, sodium, or potassium salts. In
fact, this concept seems to be confirmed generally by the
data collected on the K3 filter. The K3 filter tests results
indicate that the value of K, of Celite-535 will be in the
following order of magnitude when solutions incorporating
- the listed catiomns are used to determine filter aid impermea-

bility (Fig. 18):

+

+ + + ++ +4++
K > Na > Ca .

> H' (aistilled water) > Fe' ' > Al
Of interest here 1s the work of othef investigators in
their study of the effect of the type of adsorbed ions on

aqueous films and on the water retaining capacity of Clay (14,
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Although clay is different from diatomite, there is a great
deal of similarity between their mineral‘analyses. The only
significant variation is in relatively minute differences in.
the two groups (13, 14).
| Thé materials studied by these investigators, were

Chasov Yar (CY) Clay and frosyamov (P) Kaolin. In their
investigation of the effect of the nature of the absorbed
cations on the amount of water retalned 1in aqueous films in
clay masses under different pressures, they prepared Na+,
Ca++, Al+++ and H' clays. The results of their experiments
are shown in Fig. 22 and Fig. 23 which show the relationships
between applied pressure and the content of residual water in
the specimens after the clay samples were compressed under
increasing external pressures. The test results indicate
that tpe higher the valency of the catién (hydrogen is an
‘exception) the lower will be pressure at which the region of
constant moisture content is found. From their results, it
has been found that, as the valency of fhe cation becomes
greater, the diffusional layer is compressed and the size of
the hydration envelope decreases.

Under constant pressure, the amount of water held by
1 gram of clay is greatest when thé clay is saturated with
Na+ cations and least when it is saturated with A1+++ cations
(Fig. 22). 1In general, the cations saturating clay may be

arranged in the following series showing decreasing (from left



Fig. 22. Amount of water held by CY-Clay in relation to
the pressure and the nature of the exchange
cation (14, page 87)
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. “Fig. 23. Amount of water held by P-Kaolin in relation to
the pressure and the nature of the exchange
cation (14, page 87) '
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to right) amounts of water held by the clay: NaT > catts

Y s a1ttt for cy-clay (Fig. 22) and Nat > catt > gt o> a1ttt

for P-Kaolin (Fig. 23) for pressures of less than 120 Kg/cmz.
For pressures greater than 120 Kg/cmz, the order was DNa' >
H+ > catt s ap™tt (Fig. 23) for P-Kaolin,

The results obtained in this study on the effect of
cations on the amount of water held by the dlatomite particle

gave the same order with both the CHP filter and the K3

In decreasing order of the K3 values of Celite-535, the catiouns

were as folldws: Na© > catt > HT (distilled water) > arttt
(Fig. 18). _

- In a similar manner, the Russians stﬁdied (14).£he effect
of the adsorbed aﬁions on the amount of water held by 1 gram
of clay. The anions produced results in the following order
acoording to decreasing amounts of water held by 1 gram of
clay under constént pressure (Fig. 24): OH > CO, - >

3
CHBCOO_ > S0, > Cl . These results indicate that the

greatest amount of water is held by clay in the adsorption of
OH— ions.

In this study, the effect of the anions on the amount of
water held by a diatomite particle can be shown (Table 42).
One method of making such a comparison would be to show the
vériation in K3 when the same molal concentration of different

sodium salts is used in the test apparatus. For example, the

following results are extracted from Table 42:

filter. -



Fig. 24. Amount of water held by Na—ciay in
relation to the pressure and nature.
of the anion (14, page 88)
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Salt Concentration K3’
m x 1070 ££2.min
1b-gal
Na2003 10 | 0.766
NaCl 10 ' 0.775
NaHCO3 ’ 10 - 0.930
NaZSOM 10 _1,060

NaOH : : 10 1.120

Thus, the effect of the anion (in order of decreasing effect

of the sodium salts on the value of KB) would be in the

following order: 0 > SOQ— > HCO, > Cl1 > CO, . Here,

3 3
the CO3—— appears to be out of place. In a similar manner,
the effect of the anion in potassium salts was in the follow-

ing order (Table 42): OH > CO

5 >80, > HCOy . These
results do not indicate any departures from the trends
reported by others (14). |

We can conclude, therefore, that the different salt
concentrations will result in the retenfiom of different
thicknesses of the bound water layer around the.diatomite
particles in the filter cake. The cations and anions will

increase the K3 of a filter cake due to changes in pore

space avallable for flow in the following order:



Cation order

a1ttt

+4++
Fe

H+

+4
" Ca

Na '

K+
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Anion order

Cl

HCO

lowest

highest
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IX., SUMMARY
A. Constant Head Permeameter

The K3 value of diatomite filter ailds, a measure of
filter cake impermeability, can be determined by making a
run filtering distilled water containing no suspended solids
and no body feed through a thick layer of precoat. ﬁsing a
constant head permeameter, the head loss is held constant and,
Q, the rate of flow 1is observed through various weilghts of
precoat.

The data collected can be plotted to show head loss
through the precoat diatomite in feet of water, h, versus

le. Since

the slope of the straight line drawn through the origin and
the data collected with the CHP filter will represent the

value of K3'

Using five grams of Celite-535 filter aid as precoat,
o, _ ft5'min
the K5 value at 20°C changes from Ky = 0.600 To gal to
5 ; .
- ft- min . . .
K3 = 0.880 To gl during three hours of filtration, an
increase of 47 per cent (Table 9). Using ten grams of pre-

££5.min
coat, the K3 value changes from 0.595 to 0.730 Togal

three hours of filtration, a variation of 23 per cent
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(Table 10).

The preliminary results indicated two things:

1. The weight of precoat will affect the K3 value
calculated using results determined with the CHP apparatus. -
It was observed that the K3 value of 10 grams of precoat was
slightly smaller than the K3 value of”5 grams of precoat
under ekactly'the same conditions (Tables 9Wand 10).

2. The rate of flow through the CHP filter was observed
to decrease (with an increase. in KB) wifh time (Fig. 9).
However, tests made under exactly similar conditions indicated
that the change in K3 with time was always similar and the
comparison of K3 values determined with different qualities
of water could be made, if the comparison'was made always
after the same period of filtration. . All K3 comparisons
using different waters with the CHP apparatus were made using
5 grams of precoat and after equal periods of filtration.

Although the K3 values are not identicai with the K3
values determined with the K3 filter, theyvcan;be used to
demonstrate the qualitative effects of solutions of wvarious
salts on the K3 impérmeability coefficient of diatomite. (The
CHP filter will give a slightly highef value of KB than the
K3 filter with the same water).

In Series "A" runs, increasing concentrations of

electrolyte solutions were added to the distilled water in

the system at the end of one hour filtration with distilled
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water and every fifteen minutes thereafter; The rate of flow
through the'precoat-was determined with distilled water et
the end of one hour of filtration and with the solutions of
the electrolyte 15 minutes after the addition of the electro-
lyte. The value of K3 wa.s detéfmined with eachleonoentration
of electrolyte (Tables 12 to 25).

‘In these tests, the following salts in solution were
found to increase the filtration rates and decrease the
corresponding K3 values over those obtained with distilled
water: (In increasing order of K3) A1C13, AlZ(SOM)B’ KHCOB,
Na,CO,, NaCl and K80, (Fig. 13 and Fig. 14). Similarly,
the following salts were found to decrease the filtration
rates and increase the correspending K3 values over those
obtained with distilled water: (in increasing order of KB)
K2003, Mg30,, , NaHCOB, KOH, Nazsou, N2OH and CaCl, (Fig. 13
and Fig. 14).

The test results with the CHP filter served to indicate
qualitatively and quantitacvively the role which different
chemical solutions will play in affecting the K3 value of
filter aid as determined with the CHP filter. However,
initial experience with the CHP filter indicated that it had
several basic inadequacies in design:

1. The large volume of distilled water required, 15

gallons, was difficult to prepare of consistent quality.

Relativeiy large amounts of chemicals were required.‘ The
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large storage container and constant head tank offered Signif-
icant opportunity for dust and other contaminants to enter the
system.

2. With 5 grams of precoat and a.constant head of 4.65‘
feet of water, the flow rafe initially was about 28 gpm/sq ft
and decreased with timé. This flow rate is approximately
10-30 times the flow rate which would normally be used through
a diatomite precoat. Thus, the filter cake was more compacted
and gave higher values of K3 than would be obtained in normél
filtration practice.

3. From four to five hours was required to complete each
test, and the results of K3 with each salt concentration had
to be based on the slope of a straight line through the origin
and one additiomnal point. |

In view of possible errors which might result from these
causes, a record apparatﬁs, the K3 filter, was used to colléct

similar data to vefify the results from the CHP filter.

B. K, Filter

The use of the K3 filter greatly simplified the deter—
mination of K3 for diatomite filter aid. In each case, the
value of Kj was determined as foilows: In successive ruus,
the apparatus was used to determine the head loss across

several weilghts of precoat wheri the filtration rate was varied

from 1 to about 4 gpm/sq ft. The data were used to make a
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plot of ﬂl versus le (Fig. 15). The slope of the line
through as many as fiftéen to twenty points provided a repro-
ducible measure of K3' The results of K3 by all methods gave
the same results with less than 1 per cent error. |

The K3 apparatus has several distinct advantages over
the CHP filter:

1. The volume of water was smaller (7 galloné).and was
stored in covered plastic containers. | |

2. The flow rates used, 1 to 4 gpm/sq ft, were similar
to those used in normél diatomite filtration practice.

3. The temperature of the water could be maintainéd
constant through a single run.

L, A complete run.using solution of salts took about
one half hour.

The series "D" tests were conducted to determine the
reproducibility of the results from K3 filter. All methods-
of determining quantitative values of K3 gave similar results.

Several runs were made to determine the change in value of K

3
3

in the K3 filter after various periods of filtration. The K

value through 6 grams precoat was observed to increase from
ft5-min . . .
0.520 to 0,540 TETEQT_ after 30 minutes of continuous filtra-

tion at the highest flow rates used 1in the apparatus. Since
all tests were completed in less than this time, the values

of K3 were unaffected by the changes in the cake arrangement

with time of filtration.
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The series "E" tests were conducted to determine the

effect of using several different tap waters for the deter-

mination of K3 value of Celite-535 with the K, filter. The

3

value of K3 as determined with each water may be summarized

as follows (Fig. 17):

Types of water .KB’
£t7.min.
Tbrgal
(1) Distilled water | 1 0.530
(2) Ames-Zeolite softened tap water 0.540
(3) Ames tap water | _ 0.565
(4) Des Moines tap water 0.580
(5) College tap water 0.610

The mineral compositions of the tap waters are shown in
Tables 6 to 8. Since none of these waters contain solids in
'suspension, the differences in the values of KB must be due
to the differences in the cations and anions in solution in
water. 1In each case, fhe value of K3 was increased using tap
water with a maximun ihcrease of about 15 per cent. These
waters contain significant concentrations of calcium, sodium
and magnesium salts which were found in the K3 filter to
similarly»increase the K3 value of filter aid. |

The series "F" tests were used to evaluate the effect of

salts in solution on the value of K, determined with the K

3 3
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filter. The value of K3 of the precoat was first determined
with distilled water. A solution of salt was added to the
-water and the solution was then used to determine the K3 of”
the same cake.

This series of tests indicated that solution of Al2
(804)3, FeClB, and AlCl3 will provide a value of K3 that 1is
smaller than that observed with distilled water. Solutions

~of Nazsoq, CaCl2 and KOH will provide a highef value of K3
than those obtained for distilled water. These results are
almost similar to those obtained with the CHP filter.

Working with the same six chemicals, Oulman (17) reported
the following "Ferric and aluminum salts reverse the zeta
potential of diatomite from negative to positive, while
sodium and magnesium give more negative zeta potentiai of
diatomite than its value when determined with deionized
water". In this study, the determination of the K3 value of
C-535 using water containing ferric and aluminum.salts in
solution provided a lower value of KB‘thgn the use of distilled
water. The use of sodium, calcium and potassium in solution

in the water provided a higher value of K3 than it would have

been obtained with distilled water.
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X. CONCLUSIONS

As a result of this study, the following conclusions
may be drawn:

1. The K3 filter as described in this thesis may be
used to provide a measure of the K3 impermeablility coefficient
of diatomite filter aids. vThe K3'impermeability coefficient
represents a hydraulic characteristic of filter aids in the

following equation:
where
hl = head loss through the precoat diatomite in feet
of water
= rate of flow (gpm/ftz)
W, = weight of precoat (1b/£t%)

K3 = permeability coefficient for the clean precoat

(ft5°min/1b-gal)

2. For comparison between laboratories, the value of K3
should always be determined using distilled water. Tests
using 4 typical hard and softened well waters indicated that
K3 value of Celite-~535 would vary as much as 15 per cent from
the value obtained with distilled water.

3. The presence of various cations and anions affect

the thickness of the hydrated layer of bound water around the
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particles of diatomite in the precoat. Thus, the amouﬁt of
pore space avallable for flow will be changed as thé cations
and anions in the solution change and will change the
permeability of the filter aid. The thickness of the
hydrated layer may be changed by a factor of up to 100 times
when salts are added to distilled water (6).

4, Tests with various salt solutions in this study
ind}qated that with a salt molality of 10 x lO'3 the value of
K3 could be decreased by as much as 14 per cent or increased
by as much as 69 per cent (Table 42).

5. - The presence of cations and anions will increase the
K3 of a filter cake due to changes in pore space available

for flow in the following order:

Cation order Anion order K3
attt c1” lowest
pet T HCO,”
it 50,7
catt COB"
nat 0H™
K+

highest



167
XI. RECOMMENDATIONS

The author wishes to make two recommendations:

1. Use K3 filter to evaluate the quantitative effects
of dissolved cations and anions in both natural and laboratory
prepared water on the permeability of a diatomite filter aid.

2. In trying to explain discrepancies of filtering
results under éimilar cénditions in various parts of the
country, investigators should consider thé effect of cations
and anions on the thickness of the hydrated layer of bound
water around the particles of diatomite in the precoat and

the resulting effect on thé filter aid permeability.
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XIV, APPENDIX A: DEFINITION OF TERMS

A. General

1., Filter aids

A filter aid is a material that is used as a filtering

medium. It may be used in the form of a precoat on the filtér
septum to serve as the primary filtering medium. It also may
be added continuously as body feed during a filter run in
proportion to the suspended solids in the water in order to
form a porousllayér of filter aid containing entrapped |
suspended solids on top of the precoat. ‘

A filter aid should be a finely divided porous material
consisting of hard, strong particles that are virtually in-

compressible when massed together into a cake under. pressure.

Many different materials are used as filter aids such as:
‘diatomite (also referred to as moler, kieselguhr, Fuller's
earth, diatomaceous earth), finely divided carbon, wood pulp
fibers, etc. There are many dlfferent grades of fllter alds
depending on thelr particular- partlcle size and flow charac-
teristics (18). The most widely used filter aid for the
filtration of potable water supplies, and the only type which
has been used in this study, is diatomite. The other types
of filter aids mentioned above are used mainly_for specific
filtering operations in the chemical industry.
2. Iomn

An ion is defined as a charged atom or chemical radical.

For example: Ca(OH), ~ catt 4 208", Both the (catt) ana
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- . |
(OH ) are ions in solution. The positive ions are called

cations and the negative lons are called anions.

Ions may be present in the solutions in either a free
or a solvated state. In addition l1ons may be adsorbed on
constituent ions of the surface of a particle in contact with
the solution, because of various attractive forces between
the ion and the ionic surface.

Tons may be monovalent, divalent or polyvalent depending
upon the number of.electrons they have gained or lost. For
example: Na' and Ci—.are mohovalent ions, ca’ and 504_— are

+++

divalent ions and Al is a trivalent 1lon.

3. Ionic strength

Tonic strength is a measure of the concentration and
valence of ions in solution. The ionic strength is computed
in the following manner: the concentration of each ionic
specles in the soluﬁion is multiplied by the square of the
charge on that ion type, and the results are added together

and divided by two. Thus, each ion is assigned a weight

proportional to the square of its charge.

_ 2 2 2 2
“‘1/2§Cizi = 1/2 (clz1 + C 7, +...+cuzu)

where:

¢t = the lonic strength

Q
i

the ionic concentration

N
il

the number of electronic charges on the ion.
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For example, with Al1Cl., concentration of 2.145 x 10_3m

3
(Table 43)
2

u = 1/2 (Clz + C,Z

2)
1 272

where

L= 21T concentration = 2.145 x 10”°m

C
C, = Cl concentration = 3 x 2.145 x 10™2m
Z

1= 3 (number of eléctronic charge on A1+++)

Zy, =1 (number of electronic charge on Cl )

Therefore,

W= 1/2 (2.145 x 1072 x 3% + 3 x 2.145 x 1077 x 17)

0.01287 or 12.87 x 1079

i

and

1/2

vl =1.135 x ZLO—l

or 0.1135 (Table 43)

Similarly, with NaHCO3 concentation of 1.06 x 10™°m (Table 44)

- 2 2

b= 1/2(Cy2,% + C,Z,7)
Here

' ot . _ -3

C, = Na' concentration = 1.06 x 107”m

C, = HCO3- concentration = 1.06 x 10™2m

Z, = 1 (number of electronic charge on Na©)

Z, = 1 (number of electronic charge on HCOB~)
Then,

W= 1/2 (1.06 x 1072 x 1% + 1.06 x 1072 x 1°)
- 10.6 x 10°¥
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and

1/2

ut/2 = 3,26 x 1072

(Table 44)

b. Molality
" Molality is defined as the number of moles of solute
present with each kilogram of solvent (5).
5. Precoat

| The initial layer of filter aid deposited on the septum
at the beginning of a run is oalled the precoat.
6. Salts i

Substances which crystallize in ionic lattices, except

those whose negative ion 1is OH_, are usually called salts, Dby
analogy with NaCl, common salt. Most of them are more or less
soluble in poler solvents such as water, whose molecules are
able to attract the ions of the salt crystal sufficiently to’
overcome the forces holding them in lattice. When the water
molecule reaches the surface of a salt crystal, it tends to
6rient with its negative part towards the positive atom of
the salt and its positive part towards the negative atom of
the salt (10). This weakens the force between the charged
atoms of the crystal so that, if it is not too strong, the
charged atoms -may be detached from the crystal and wander
off into solution each surrounded by an envelope of oriented
water molecules. These charged atoms.in solution are but
weakly attracted to each other and can move about in the

solution more or less independently. They are accordingly
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called ioms (10).
7. Solution
" The term solution may be applied to any homogeneous
mixture (5). In this thesis the term solution refers to a

homogeneous mixture of a salt in water.

8. Zeta potential

When a colloidal particle is Suspended in ‘water, a thin
liquid layer called the fixed layer surrounds the colloid and
moves through the water with the colloid. The eleétricél
potential difference between the outer edge of the fixed
layer and point of electroneutrality in the water surrounding
the particle is referred to as fhe electrokinetic or zeta

potential (7).
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XV. APPENDIX B: K, FILTER OPERATION

3

Thé‘K3 filter is simple to operate and incdrporates
sufficient valves and lines to permit a high_degree 6f
flexibility in its operation. With practice, an operator can
soon dispense with detalled instructions concerning the filter
operation. A preliminary set of instructions to be followed
in four distinct cycles ~- precoating, transition, filtering,
and backwashing is'desireable. The following table will
summarize which valves are opened and which valves are closed
during a given cycle, Fig. 5.

1. Precoating operation

Valves open: 2, 3, 8, 9, 14 and 12

Valves closed: 1, 4, 5, 6, 7, 10, 11, 15, 16, 17, 18,

19, 20 and 21

2. Transition step to filtering operation

Valves open: 2, 3, 5, 8,9, 10, 14, 15, 16 and 17, as
soon as flow is taking place through the
flow meter, close 3, 8 and 9.

Valves closed: 1, 2, 3, 4, 6, 7, 8, 9, 1., 12, 13, 18,

19, 20, and 21.

3. Filtering operation

Valves open: 5,.10, 14, 15, 16, 17, 18 and 19,
partially open 20 and 21 to get rid of

air bubbles, then ciose them.
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Valves closed: 1, 2, 3, 4, 6, 7, 8, 9, 11, 12, 13, 20

and 21

4, Backwashing operation:

Valves open: 1, 3, 4, 6, 13,'and 14

~ Valves closed: 2, 5, 7, 8, 9, 10, 12, 15, 16, 17, 18,

19, 20 and 21. After a few minutes
operation, ocpen valve 10 to wash the

front face of the screen and then close

it.
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XVI. APPENDIX C: SAMPLE CALCULATIONS
A, Constant Head Permeameter

Filter area: The filter consisted of a circular septum

2.718 inch in diameter.

= 0.0402 sq ft

p - 18 _ 3.0 x (2.718)°
= D

Rate of filtration at T°C: The rate of filtration was

expressed in gallons per minute per square foot of filter

area.

volume
te = =
Rate Time x area

Examples Series "C" run using five grams of diatomite
precoat. During check on flow rate, 0.107 ft3
of filtrate was collected in an average time

of 35.43 seconds.

Rate =

(0.107 £t2) (60 second/min) E?.
F

48 gal)
(35.43 sec.) (0.0402 sq ft) )

tJ

33.73 gpm/sq ft

Average temp. = 27.75°C (recorded)

i

Rate of filtration at 20°C:

Viscosity of water. at 27.75%C, M = 0.8407 centipoise

Viscosity of water at ZOOC,

Moo 1.0050 -centipoise

T
Correction factor = ﬂ;o = %:8383 = 1.195

O

Therefore, flow rate at 20°C = %ET%% = 28.23 gpm/sq ft
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K, computation from flow rate:

3

——

hl = KBle

=
y
O
3
O]
O
I

flow rate in gpm/sq ft

=,
1l

| = precoat diatomite in 1b/sq ft

oy
I

1 head loss in feet of water

= L.65 feet

[€2}

',_I-

o]

0

]

oy
I

O
i

28.23 gpn/sq ft at 20°C

wl = 5 grams

Then, 4.65(ft) = K (@ gpm/ft°) (5 grams) .
3 (454 gram/1b) (.0402 £t2)

K. = b,65 x 454 x 0.0402
3 QX5

_ 17 £4° o min
3 Q7 1b - gal

At a temperature of 2OOC, K3 becomes

_ 17 _ ft5 . min . .
K3 = 78.23 0.60 > - gal (Table 9 of this the;ls)

Calculation'gi g;salt solution concentration:

Take, for example, NaZSOQ: M.W. = 142.06
Volume of the distilled water in the CHP filter was

v = 56.775 liters (1,0)

1 ppm .05677 gm in 56.775 liters, or

100 ppm = 54222 gm
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Therefore, if we take 5.677 gm. of NaZSOM, this is equivalent

to 100 ppm of Na,30, in the total volume of water in the filter

system
_ ppm .
m = 1550 x wow, (molality)
~ 100 _ -3
m = 1500 x 162,08 ~ 2=L03 X 10

Concentratlon, in terms of iouns:

If we assume that Na, SOLp dissociates into ZE\Ta] and I:SOLL ]

three ions are formed from each molecule. Therefore, 5. 677

grams of Na2804 is equivalent to

(5.677 gms) (6.02 x-1023 rnol"l

(142.06 gm/mole)

x molecules)

= 0.242 x 1022
molecules

0.242 x 10°2 x 3 = 0.726 x 10°° ioms

(6.02 x 1023 molecules

] A
— is Avogadro's number)

Summerx: 100 ppm of Na2804 provides

molality = 0.703 x 1072

0.726 x 10°2 ions in the system.

ions

B. K3 Filter

In the K3 filter,

Filter area, A = ,0218 sq ft.
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W, was measured in grams instead of (1b/sq ft)
Q was measured in ml/sec:instead of
(gom/sg ft)
H was measured in inches of manometer liquid
instead of ft of water

Conversion of these units and simplification was accomplished

as'follows:

_ n(2.94-1) _ 1:94
1 12 12

h h, ft of water

Where: 2.94 is the specific gravity of the manometer liquid

h = manometer reading in inches of manometer liquid

\ 0.0002642 gal 60 . 1
Q=a ML RS2 () 0218 sq 7% ) = 0-728q
Where, q = discharge in ml/sec.
_ 1 1b 1 _ , 1b
Wy =w (EBE gms ) | .0218 sq ftT ) = 0.1010w, sq ft

whére, W weight of precoat in grams

Upon substitution of these values in the K3 equation, we obtain

k- 1.9 n £t° - min
3 12 x 0.728 x 0.1010 g x w 1b - gal
- _n 0 £3° o min
Ky = 2.22 74 (at 20°C), T eel
When: q = discharge in ml/sec.

h = manometer reading in inches of manometer liquid.

w = weight of diatomite precoat in grams.
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XVII. APPENDIX D: ABBREVIATIONS AND SYMBOLS
Abbreviation Meaning
A Filter or septum area
°c degrees Centigrade
Cp concentration of diatomite (body
feed rate), mg/1
Ci iomnic concentration
CHP constant head permeameter
cm centimeter
i viscosity
ft feet
gal gallons
gm grams
gpm/sq Tt gallons per minute per square
foot of filter area
h head loss
ID inside diameter
in., inches
'KB coefficient of permeability
Kg/om2 kilogram per square centimeter
1b pound
1b/ft3 pounds per cubic foot
m molality, number of moles of

soluteﬂpresent with each

kildgram of solvent



mg
min
ml
ml/sec
mm

M.W.

mv

0D

ppm

rps

sec

VHP

wt
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milligram - -

minutes

milliliters

milliliters per .second
millimeters

molecular weight

ionic strength

millivolts

normality, number of équivalents

of solute per liter of solution

—

outside diameter
parté per million
rate of filtration, volume per
unit of area per unit of time
revolutions per second

slope ratio

second

minute

volume -

velocity

variable head permeameter
welght |
zeta potential

the number of electronic

charges on the ion
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