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I. INTRODUCTION 

A. Permeability 

The ability of porous material such as diatomite or 

soil to transmit a. liquid under the influence of a pressure 

differential or hydraulic gradient is termed the permea

bility of the material (?). The term "permeability" is 

often used as a synonym for "coefficient of permeability". 

The coefficient of permeability has dimensional units of 

velocity (length/time) and is usually stated as.a flow rate 

per unit area produced by a hydraulic gradient of unity. 

It is well established that 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) 

Where : 

V = velocity of approach of water to medium, ft/day 

Kp = coefficient of permeability, ft^/day/sq ft at unit 

hydraulic gradient, and 

S = slope ratio of the hydraulic gradient. 

Many workers have observed that the head loss through 
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clean sand or diatomite is proportional to rate of flow and 

to the depth or thickness of filter medium (2). Since Q,^ = 

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

KpAh 

Qrp — KpAS = ( 2 ) 
l r L " 

Where : 

Q,^ = filtration rate, ft^/day 

A = filter area, sq ft 

h = head loss through filter, ft of water 

L = thickness of filter cake or media, ft. 

Permeability 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 have correspondingly high permeability coef

ficients. With fine-grained filter aids, cake porosity may 

remain high, but their permeability will be reduced. This 

indication that permeability varied with particle size is 

in accord with our knowledge of laminar flow in small tubes 

or capillaries. 

- In this thesis, the permeability of a filter aid was 

measured by 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 
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determining a impermeability coefficient of filter aids. 

The permeability of a diatomite filter aid may not be 

constant. It is affected, among other things, by the density 

of the filter aid in the filter cake. This is due to the 

fact that with compaction the diameter of the pore passages 

changes. When different methods of precoating 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 cake permeability 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. specific 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 locations with different waters did not 

produce results which were similar, but the results using 

any specific 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 
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different cations and anions could and would cause a differ

ence in thickness of the filter cake of in the "structure of 

the fixed layer around a filter aid particle, the pore space 

available for flow might be changed together with a compar

able change in the filter cake permeability. 

If such effects exist and are significant, the water

works industry will have to redirect their approach now 

being made to develop a standard test to determine the 

filtrability of water (12), and will 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 effect 

of different cations and anions composing the dissolved 

solids present in water on the permeability 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 approximate 

magnitude of permeability change to be,expected. 

3. The apparatus and test procedures were modified to 

increase the degree of accuracy in the range in which the 
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experiments were conducted. 

4. Tests were conducted with the constant head permea

meter and a newly-developed 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. 

Some important factors influencing the capacity of 

diatomite filters are the following: filtration pressure, 

filter area, weight of precoat, precoating rate, grade of 

filter aid, body feed (if any), characteristic of raw water, 

type of septum, salt concentration 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 
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been calculated that 1 lnJ 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 lbs/ft^ dry and loose, approximately 16 lbs/ft^ when packed 

by wetting and up to 20 lbs/ft^ 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. S. Army utilized a pressure-type 

filter employing diatomaceous earth filter aid to successfully 

remove Entamoeba histolytica cysts and Shistosoma cercarie from 

water for field troops in 1944. Furthermore, the removals 

of these organisms was accomplished at rates, of flow much 

higher than those used on gravity flow rapid sand filters, 

or on pressure 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. 
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D. Chemical Properties of Diatomite 

Diatomite is practically pure silica (SiOg) 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 3• 0 

SiOg . 89.4 

AlgO 4.1 

FegO. 1.5 

T10 0.1 

CaO 0.2 

MgO 0.7-

NagO (KgO) - 0.8 

Total 99.8 

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 is filtered through a porous medium, ah 

electrical potential difference called a streaming potential 

is developed between the upstream and downstream sides of the 

filter. The streaming potential is positive if the upstream 

potential is positive with respect to the downstream potential. 

The streaming potential can be measured by placing an electrode 

in the inlet stream and another in the outlet stream and 

measuring the potential difference across the electrodes. The 

streaming potential 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 electrons dissipates the streaming potential. 

The zeta potential of diatomite can be determined from 

streaming potential measurements. However, Ouiman 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 it is when determined by electroosmosis or 

electrophoresis (17). 
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It appears that the electrical field that the filter aid 

is placed in for electrophonetic 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 test are not strong enough to separate the coating 

from the particle. 

The zeta potential of a filter aid used in a filter cake . 

can be determined from streaming potential 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 latter case, the 

zeta potential of filter .aids will be higher in magnitude than 

it is in distilled or deionized water (17). 

Electrophoresis 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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II. LITERATURE REVIEW 

The process of filtration has been known and used many-

years. Until the 19th century, however, no appreciable 

effort was made to understand the process of filtration. 

Since the middle of the 19th century tremendous advances have 

been made in the art of filtration, however, there are still 

many•factors affecting the process which have not been studied 

or are incompletely understood. 

Many studies have been made concerning the permeability 

of porous media. It is only recently that Baumann, Cleasby, 

and LaFrenz published their theory of diatomite filtration 

(3)• Although they did not report the effect of electrolytes 

in solution on the permeability 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 
J 

made using distilled water (3). 

Little attention has been devoted to studies 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 studies concerning 

effects of ions 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 found to influence the filtration 

time of water through coffee. 

After establishing a. standard coffee brewing time 

(brewing time is the time, required 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 times of 400 ppm of various inorganic 
compounds in deionized water (8) 

Inorganic Total brewing time, 
compounds seconds 

LigCO 66? 

NagCO- . 620 

NaHCO 595 

KHCO 539 

KgCOj - . 517 

NaOH 485 

NagSiO 470 

Na.S 445 

NaPO^ 388 

NagSO^ 351 

Deionized water 350 (Standard Brewing Time) 

NaCl 333 

MgSO^ 330 

CaClg 316 

CaSO^ 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 
compound 

Concentrations, 
ppm 

Total brewing time, 
seconds 

NaHCO. 0 
100 
200 
300 
4oo 

350 
336 
374 
491 
595 

(Standard Brewing Time) 

CaClg . 0 
4oo 
1000 

350 
316 
300 

(Standard Brewing Time) 

Na^PO^ 0 
4oo 
1000 

350 
388 
304 

(Standard Brewing Time) 

brewing time significantly and in direct relation to their 

concentration. This effect was accentuated by sodium ions, 

if water containing temporary hardness and softened in a 

zeolite conditioner was used. 

A number of workers have studied different factors 

affecting the rate of filtration of liquids through porous 

media. Of interest here was the study of the surface 

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, 

characterized by the value of the electrokinetic potential 

(C-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 powder systems (9). In 

general, the rate of filtration of electrolyte solutions 

was found to increase with increasing concentration of the 

solutions. 

This variation in the rate of filtration of aqueous 

solutions•through powder systems was thought to be due. to a 

change in the effective cross-section of the capillaries 

corresponding to the different electrolyte concentrations. 

Any change in the. effective cross-section of the capillaries 

means a. change in thickness of the double layer (related to 

the thickness of the hydrated layer) around the particle 

due to the change in the concentration of the electrolyte 

solution passing through. 

Other workers did carry out qualitative verification of 

the relationships between the rate of filtration of aqueous 

solutions of various electrolytes through sand, chalk, 

asbestos and diatomite (9). Their results indicated an 

increase in the rate of filtration with increase of concen

tration of HC1 solutions from 1 x 10 ^ to 1 x 10"^ N. 



www.manaraa.com

15 

III. THEORY OF DIATOMITE FILTRATION 

A. General Theory 

There is an increasing use of diatomite filtration to 

produce potable water. An equation has been developed 

relating the filtering characteristics of the suspended 

solids, body feed, and filtration rate with the filter cake 

head loss which could be expected in a diatomite filter after 

filtering any given amount of water (3) • Such a. relationship 

can be used to aid 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 confined to the 

evaluation of its K„ coefficient in the recently developed 
J 

diatomite filtration equation (3)• 

H = K^QW^ + K^CgO^t x (3) 

Where : 

H = total head loss through the filter cake (ft) 

CD = concentration of body feed (ppm) 

K« = permeability coefficient for the clean precoat 

(ft-'«min/lb * gal) 
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K, = permeability coefficient for the body feed layer 

(ft^*min/lb • gal) 

Q, = rate of flow (gpm/ft^) 

t = time of filtration (min) 
• ' p 
= weight of precoat (lb/ft ) 

The theoretical development of Equation 7 is available 

in the literature (3» 15)• 

B. Determination of 

In Equation 3, the total head loss, H, represents the 

head loss through a precoat layer of pure diatomite, K^QW^, 

plus the head loss through the body feed plus suspended 

solids layer, K^CDQ,2t(8.33 x 10"^). 

• In this study, we are concerned only with flow through 

the precoat and Equation 3 reduces to: 

H = K QW^ (4) 

If a. laboratory test is designed to provide a measure of head 

loss through a cake of known weight with a given flow rate, 

the value of is easily determined. A plot of H versus 

QW^ will provide a straight line whose slope will be equal 

to the value of the impermeability coefficient Ky 

The value of 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: 

1. Vary the rate of filtration and observe the head 

loss using a constant weight of precoat. 

2. 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 constant 

head permeameter. In all approaches, the data would be 

plotted to show head loss through the precoat diatomite in 

feet of water, h^, against QW^ on arithmetic paper (Fig. 1). 

At a. constant temperature and under standard conditions 

for cake formation, K_ is constant for a given filter aid 

and is representative of the permeability of the filter aid. 

Actually, K_ is inversely proportional to the coefficient of 

permeability. is dependent on the viscosity and density 

of the water and, therefore, is dependent on the water 

temperature. Accordingly, all values of K should be express

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

of comparison. 

A value expressed at temperature MT"°C (K^)T can be 
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determine (15> page 122) 
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IOWA STATE UNIVERSITY TAP WATER 
PRECOAT MEDIA - C-5 35 
FILTER - VHP (15, PAGE 122) 

6 -

HEAD 
LOSS 3 
FT. OF 
WATER 

F T M I N .  SLOPE = K, =0.56 
LB. GAL. 

Q.Wm (GPM/SQ.FT.)(LB./SQ. FT.) 
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changed to a corresponding value expressed at 20°C (K_). 

This is done by simply dividing the ( ) T value by the ratio 

of the viscosity of water at temperature 20°C to the 

viscosity of water at temperature "T"°C as follows: 

<VT 
K, = — (5) 

^20°C 

^T°C 

Where : 

= value of the impermeability coefficient at a 

température 20°C 

(K^) T = value of the impermeability coefficient at a. 

temperature "T"°C 

^20°C = viscosity of water at 20°C 

T]rpOç = viscosity of water at temperature "T"°C 

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 

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 will be determined by the filter-aid grade required to 

produce the requisite quality of filtered water. The precoat 

weight W1 will be fixed by the amount required to prevent 

fouling of the filter system, and will be in the range of 

0.1 to 0.2 Ib/sq ft. 

Considerable variation in the value for the same grade 

of filter aid can be expected (7). Such variation is to the 

changes in the processing and source of the filter aid and to 

variations in the water used to evaluate K^. Therefore, 

standard values of 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 evaluate 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 a 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 K„ impermeability coefficient 
J 

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 advantages in 

saving laboratory time and providing increased accuracy of 

test results, a filter apparatus was designed, built and . 

used to determine the effect of dissolved ions on K». 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 

filter. 

B. Constant Head Permeameter 

1. Construction 

The constant head permeameter, (CHP), shown schematically 

in Fig. 2 and in the photograph in Fig. 3 was constructed and 
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Fig. 2. Schematic drawing of the constant head permea
meter, CHP 
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Precoat and sludge 
feed funnels 

Overflow wier 

Constant 
4.65 ft. 

head 

Overflow 

Overflow 
pipe 

Plastic tubes 

.Rate control 
> valve 

—Recirculation 
pump 

Detachable 

septum 

Wire screen 

Control 
valve 

15 gal. storage overflow tank 

Schematic of constant head permeameter 
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used in this study. The permeameter consisted of a water 

storage 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 tubes, 

each of which was equipped with its own filter septum, flow 

control and head control device. The constant head permea

meter was employed in determining the effects of ions in 

solution on the permeability of typical commercial diatomite 

filter aid. • 

With the permeameter 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 possible 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 to 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 than sufficient to fill the constant 

head tank, the recirculation system, and the filter tubes. 

The water storage tank was connected to the constant head 

tank by means of a flow distribution system, including an 
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electrically-driven pump. The distribution system consisted 

of 1/2 in. rubber tubing which was used to connect the suction 

of the pump to the water storage tank and the discharge of the 

pump to the constant head tank (Fig. 2). The pump [An Eastern 

Industries model B-l Centrifugal pump] was driven by 1/20 Hp, 

110 volt, single phase electric motor. The pump has a 

capacity of delivering ? 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 

tank, but was subsequently 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 weir was collected 

and returned to the water storage tank through a 1/2 in. 

rubber hose. 

The bottom of the constant 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 

galvanized 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 wrapped around the connection and clamped, to pro

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

The three filter tubes were each 3 in. • in inside diameter 

by approximately 4 feet long. The filter tubes were made of 

clear plastic with a wall thickness of 3/16 in. The bottom 6 

in. of each filter tube (Fig. 4) was cut off and used as a 

detachable filter housing. This detachable length of filter 

tube was sealed in place during a filter run by a wide rubber 

band, a piece of copper plate, and the use of two clamps on 

each tube to hold the septum tightly in place. 

A filter septum was used to support the precoat filter 

aid whose permeability was to be determined. The septum itself 

(Fig. 4) consisted of stainless 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 horizontal position 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). 

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 

4 in. above the bottom of the beaker. A constant head of 4.65 

feet of water was maintained at all times between the constant 

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

lowering 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 each 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 tests with the 

CHP apparatus. In order to assure 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, the water storage tank 

was filled with distilled water of the required quality.. The . 

valves permitting 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 air was excluded 

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 tube 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 septum without affecting 

either the recirculating water or the other filter tubes. As 

soon as the precoat slurry was added above the septum, the 

discharge valve at the base of that filter tube was opened 

slightly to allow a slow rate of flow through the septum to 

form a. uniform precoat. 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 

flow 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 the filter flow rate through the precoat had 

reached equilibrium, the flow rate was determined by measuring 

the time required 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 containing 

specific cations and anions, solutions of these chemicals in 

a concentrated form were prepared prior to the test in 500 ml. 

volumetric flasks. The concentration in the flasks was 

determined by the concentration which would be used when the 

flask contents were mixed with the 15 gallons of distilled 

water 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). 

All test runs with the CHP apparatus were made with the 

water at room temperature, and a correction was applied to all 

flow or Kq results to convert them to their respective values 
3 

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. K Filter 

1. Introduction 

Following the publication of Equation 3, a special 

filter was designed to permit collection of the data required 

for the direct determination of the impermeability coefficient 

for a filter aid as shown in Fig. 1. This filter is 

referred to as a. "K^ filter" and is. shown schematically in 

Fig. 5 and in the photograph in Fig. 6. 

The filter apparatus consists of two,water storage tanks, 

a. precoat tank, a. small filter housing containing 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 apparatus, a. fixed weight of diatomite, W^, is pre-

coated on the filter septum. Then the rate of flow through 

the precoat, Q,^, is varied and the head loss, h^, is measured 

at each flow rate. These data collected with the water at a 

constant temperature are used to calculate the of the 

filter aid. 

In the K_ filter, there are three basic operations as 

there are for all diatomite 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 remove suspended solids 

from the water), and 
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(3) backwashing, the removing of the used filter cake 

from the septum and washing it and all other impurities in 

the system to waste. 

2. Description of apparatus 

To accomplish these operations, the 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 Pyrex carboys. Water is 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 capacity 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 

centigrade thermometer was used to determine the water 

temperature and a. thermostatically controlled copper coil 

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. 

length of 3/8 in. round copper tubing was wrapped in a coil 

about 1 ft. diameter and spaced uniformly from top to the 

bottom of supply tank. Cold tap water was run through this 

copper coil 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 a 

small recycle tank, a pump to supply pressure, a, precoat pot, 

and a. small filter. The recycle tank consists of a 6 in. 

length of plastic tube which is 3 in. in inside diameter. The 

recycle tank is provided with a. suction connection to a. pump, 

and a. drain valve 1 in. above the bottom of the recycle tank. 

The pump connection is located 11/2 in. above the bottom of 

the recycle tank. 

The pump which supplies pressure for precoating, filtra

tion 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/ft . 

All distribution lines not otherwise described were con

structed of 1/4 in. O.D. copper tubing using compression 

fittings. All valves were 1/4 in. brass plug valves. All 

lines were constructed as short as possible and in either a 

horizontal or vertical position to prevent deposition of the 

filter aid in the distribution lines. 

The precoat pot consists of a. plastic tube 3 in. in 

inside diameter and 4 in. high. The precoat pot is equipped 

with a square lid (41/2 in. x 4 1/2 in.) which is sealed by 

means of a 3 1/2 in. diameter rubber 0-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 magnetic stirring rod was.used inside the pre

coat pot to provide mixing of the contents of the precoat pot. 

The filter was designed so that the filter septum 
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would be fixed in a vertical plane. The filter is shown in 

detail in Fig. 7• The filter housing consisted of two 

separate plastic sections. The first or the inlet section of 

the filter consisted of three square plastic plates (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. In addition, three 1/4 in. diameter holes 

were drilled in the 1/2 in. side, one.at the top and two at 

the bottom as shown in Fig. 7• The upper hole was fitted and 

sealed with a. copper tube connection 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 in 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 0-ring was 

mounted on the outside face of this plate to provide a water 

seal when this plate was clamped to the outlet section of the 

filter. 

The outlet section of the filter was constructed from two 

square plastic plates (4 1/2 in. x 4 1/2 in. x 1/2 in.), 

cemented together as shown in Section B-B of Fig. 7• A 2 in.' 
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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 drilled at right angles to each other in the 1/2 

in. side of the inner plate as shown in Section B-B. Both 

holes were fitted with 1/4 in. O.D. copper tubing, one of 

which was connected to a. leg of the manometer and the other 

was connected to the flow meter as shown in Fig. 5• 

A 2 3/4 in. rubber 0-ring was mounted on the inner face 

of the inner plate to provide a water tight seal when the 

inlet and the outlet sections of the filter were joined 

together. A circular piece of stainless steel wire mesh 

approximately 3 in. in diameter was placed concentrically over 

the 0-ring on the inner plate of the outlet section of the 

filter housing as shown in Section B-B, Fig. ?. 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 sq. ft. The inlet and outlet sections 

of the filter housing were fitted together and held tightly 

by means of four C-clamps located at each corner 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 was 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 

B-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. 

In this study, only the carboloy float was used. Fig. 8 

shows the calibration curve developed to show the flow rate 

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 
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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-24 (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 indicating 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 

air 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 framework 

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

46 in. x 32 in. The recycle tank, the pump, and the 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 apparatus proved to be simple, con

venient, fast and accurate. 

3. Operating test procedures 

Filter runs with the 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 air 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 whole 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 placed in the precoat pot, the lid was fixed tight to the 

pot, 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): supply 

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 were established (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 the inlet chamber 

tangentially to impart a rotary motion to the diatomite 

suspension in this chamber. The suspension in the chamber 

would rotate with a velocity of 0.l6 to 0.64 rps (17). This 

rotation can be observed when the cake is being formed and is 

sufficient to hold the diatomite in suspension without scour

ing the surface of the filter cake. 

In collecting data for the determination of impermea

bility coefficient of the filter aid, the filtering operation 

with the 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*6°, 4.50, 3•351 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 l6. If 

solutions of electrolytes were not to be used, the run was 

terminated and the filter was backwashed. 

2. In those tests in which solutions of electrolytes 

were used, the head loss through the precoat filter aid was 

first determined with distilled water as in step one above. 

After the test with distilled water 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 reaction within the filter cake. 

After equilibrium conditions were again established with the 

electrolyte, the flow rates were adjusted successively to rates 

of 5.6o, 4»50, 3.35j 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 in reverse order, and the corresponding 

head losses were recorded. Additional electrolyte solutions 

were added in a similar manner until data 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 wasted. The filter was then rinsed several 

times to eliminate all electrolyte and filter aid contamina

tion of the Kj filter system. 
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V. LABORATORY APPROACH 

A. General 

All of the tests conducted in this investigation were 

made to determine the effect of cations and anions in solution 

on the permeability of diatomite filter aid. All of the tests 

were made using a. commercial grade of diatomite filter aid, 

Celite-535i a product of the Johns-Manville Corporation. All 

tests were made using filter aid from a single $0.lb. 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 with the filter. 

The laboratory tests were conducted in six different series. 

The term "series" as used in this thesis designates a, number 

of runs conducted with one specific objective. 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 43-14-2 (not included in this thesis) K 
studies. 

A 1-42 
143-178 
198-222 
268-624 

Effect of solutions of salts on 
permeability 
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Purpose of Series 

Verification of apparatus with 
distilled water. 

E 675-738 Effect of different tap waters 
on filter cake permeability 

F 739-903 Effect of solution of salts on 
filter cake permeability. 

B. Constant Head Permeameter 

1. Series "Ç", Reproducibility of data and weight of precoat 

Before the CHP apparatus could be used 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. 

filter 

Series Runs 

D 625-674 
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The quantity of filter aid. used as precoat was weighed 

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 temperature varied between 

20° - 29°C in different runs, but seldom more than 2°C in a. 

group of similar runs. In a few runs, a cooling coil was used 

in the bottom storage tank and the water temperature dropped 

during a test (from 31°C to 17°C as in the case of KOH solu

tion) . All results were corrected to provide flow rates at a 

constant temperature of 20°C by use of the relationship shown 

in Appendix G. 

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 flow decreased 

linearly with time. A similar observation was made by Phillips 

who reported "that if 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 

particles" (18). 
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Pig. 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 ]2 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 ràte decreases with 

time of filtration. Since the water passed through the pre

coat contains no solids to clog the pores, the reduction in 

flow rates must have occured due to basic changes in precoat 

permeability. Such changes could be due to one or more of the 

following reasons: 

1. The realignment of the filter aid particles to pro

vide an optimum alignment of particles for flow. 

2. The continuous compaction of filter aid 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 mechanical compression of the pressure differential 

across the filter. 

All 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 
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Pig. 9• Effect of weight of precoat on the rate of flow 
through the CHP filter after different times of 
filtration of distilled water 



www.manaraa.com

60 

FLOW 
RATE IN 

GPM/SQ. 

FT. AT 

20 ° C. 12 

10 

8 

6 

4 

DIFFERENCE 
OF 31.6 % 

DIFFERENCE OF 19.5% 

O O 5 GRAMS PRECOAT * 

•  • 10 GRAMS PRECOAT* 

CHP FILTER 

DISTILLED WATER 
CELITE - 535 

2 

0 

AVERAGE OF 6 RUNS 

_L _L _L _L 
30 60 90 120 150 

TIME OF FILTRATION IN MINUTES 
180 



www.manaraa.com

61 

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 velocity 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, it was concluded that the effect of solutions 

of chemicals could be qualitatively evaluated by determining 

the departure 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. Fig. 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 (l6). With no precoat, the rate of flow through the 

filter septum under a. standard head of 4.65 feet of water was 

13.3 gpm/sq ft. With this septum, a straight line rate of 

flow versus weight of precoat does not begin until 0.15 lb/sq 
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Pig. 10. Effect of amount of precoat on rate of flow 
through a precoat of Celite-535 on a porous 

, stainless steel septum of filter area 0.85 sq 
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 Ib/sq ft, the addition of equal incre

ments of precoat 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 using wire mesh, a. minimum precoat 

weight of about 0.05 lb/sq ft was required. 

In this study, the use of five grams of precoat provided 

an average precoat weight of 0.27 lb/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 through 

5 (0.27 Ib/sq ft) and 10 (O.54 lb/sq ft) grams of precoat. 

After one hour of filtration through the smaller precoat, the 

flow rate was 22.80 gpm/sq ft and through the larger precoat 

was 12.80 gpm/sq ft. Thus, these data indicate that the flow 

rate could be controlled very effectively by varying the 
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weight of precoat if desired. In all subsequent tests a 

weight of precoat of 0.27 Ib/sq ft was used. 

2. Series "A", Huns 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 Na^SO^ 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 10"^ (Appendix C) . A con

centration of 100 ppm of sodium sulfate provided a total of 

0.726 x 1023 ions in CHP system (Appendix C). 

In order to have some basis for standardization, all 

salts were tested using 0.726 x 10^ ions as the initial con

centration of the salt in solution. Table 5 shows the grams, 

ppm, and molality of each salt required to provide 0.726 x 10 

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 



www.manaraa.com

Table 4. Physical constants of inorganic compounds (11) 

Name Formula Mol. Melting Solubility in grams per 100 
point, C° ml of 

Cold water Hot water 

Sodium Chloride NaCl 

CO in 

,54 801 35. .7 at 

0
 

0
 Q 39 .1 at 100°C 

Calcium Chloride CaClg 110. ,99 772 59--5 at 0°C 159 at 100°C 

Aluminum Chloride A1C1. 133. ,36 S v.s 

Aluminum Sulfate 342. 14 770 . 313 at o°c 98 .1 at 100°C 

Potassium Sulfate KgSO^ 174. 26 6. ,8 at 0°C 24 .1 at 100°C 

Sodium Sulfate Na^SO^ 142. 06 884 4. • 7 at o°c 42 .7 at 100°C 

Magnesium Sulfate MgSO^ 120. 39 150 71 at 20°C 91 at 0
 0
 

0
 

Ferrous Sulfate FeSO^ 151. 92 640 15. 6 at o°c 48 . 6 at 50°c 

Sodium Hydroxide NaOH 40. 01 318 42 at 0°C 347 at 100°C 

Potassium Hydroxide KO H 10 360 97 at 0°C 178 at 100°C 

Potassium Carbonate KgCO^ 138. 20 891 112 at 20°C 156 at 100°C 

Sodium Carbonate NagCO- 106 851 7. 1 at o°c 45. • 5 at 100°C 

Sodium Bicarbonate NaHCO. 84. 01 -00g, 270 6. 9 at o°c 16. ,4 at 60°C 

Potassium Bicarbonate KHCO 100. 11 150 22. 4 at o°c 60 at 60°C 

Ferric Chloride FeCl. 162. 23 37 91. 2 at CO 
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Table 5• Quantities of unhydrated salts, required to provide 
O.726 X'1023 ions in 15 gallons of water 

0.726 x 10^3 ions 

Salts gm ppm m x 10"-^ 

NaCl 3.52 62 1.06 

CaClg 4.46 78.5 0.71 

A1C1. 4.03 71 0.53 

Alg(SO^) 8.20 143 0.42 

KgSOu 7.00 123 0.71 

NagSO^ 5.68 100 0.71 

MgSO^ 7.25 127.5 1.06 

FeSO, 9.20 162 1.06 

NaOH 2.40 42 1.05 

KOH 3.38 59.5 1.06 

KgC0_ 5.56 98 0.71 

NagCO 4.27 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 filtered through the precoat for one hour. From four to 

six samples containing the number of grams of the given salt 

shown iiv Table 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 10^ 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 filter 

cake was determined. At the same time, the effluent 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 second sample of the chemical in solution was added 

to double the number of ions now in the system. Again, after 

15 minutes of mixing and filtration with higher chemical con

centration, (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 Pig. 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 obtained in the test. The second curve shows the 

actual rate of flow which was measured through the precoat 

when different solutions of the salt were filtered through the 

precoat. Qualitatively, the curve with salt lays above the 

curve with distilled water and it may be concluded that the 

addition of the salt serves to increase the filter cake 

permeability. Similarly, if the curve lay below the curve 

with distilled water, the addition of salt would serve to 

decrease the filter cake permeability. 

C. Filter 

1. Series "D", Reproducibility of data 

The series "D" tests with the filter were designed to 

determine the reproducibility of the K. values under standard

ized conditions. The 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.], 0.4, and 

0.5 lb/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 filter with time of filtration. Accordingly, 
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in three separate runs, the K_ 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 fluid 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 K_ filter and indicate a result similar to that 

obtained with the CHP filter. The results indicate that if 

the entire data determination required less than five 

minutes, the error in head loss recorded would be negligible. 

In fact, the K« data required 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 through the same precoat, approximately 10 to 15 

minutes were required to complete the test. 

To observe the effect of time of filtration on the actual 

value of K_, the K_ 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 adjusted 

successively to rates of 5•60, 4.50, 3 • 35 1 2.25, and 1.13 

ml/sec and the head loss was recorded as in Table 2?. As 

soon as the head loss data were collected at these flow rates, 
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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 K_ filter 
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the flow rate 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 3° minutes of filtration. The data 

collected after each period of filtration were used to deter

mine a value of as shown in Fig. 15. The values shown 

in Table 27 indicate a. slight tendency for values of 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 compaction effects have not 

been a significant.factor affecting the value of a filter 

aid. The normal procedure in making the calculation of K-

using data, collected on the filter is shown in Table 28 

and in Fig. 15 and Fig. 16. Each test for the determination 

of was repeated using several weights of filter aid in the 

precoat. In Table 28, for example, weights of 3, ^, 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 

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

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 

"P TTl î T1 
= 0.530 -"YtT—pu ° The average of the three individual 

runs (Fig. 15) provided values of of 0.535, 0.538, and 

•p 4- 5 Tn i "n 
O.523 . with an average value of = 0.532 ]_b' gal • The 

maximum variation of any value from the mean was less than 

two per cent. Accordingly, the average values of reported 

in this thesis were determined by plotting the data as shown 

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

the second decimal place. 

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

The Kj filter and the technique for calculating were 

developed for the purpose of establishing a standard method 

for expressing the permeability of diatomite (3)• However, 

results using distilled water and tap water are different. 

The authors hinted, although they did not expressly state, 

that all 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 of a filter aid, the of Celite-535 was deter

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

2. Ta.p water from the City of Ames 

3. Tap water from the City of Des Moines 

4. 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"^ to 5 x 10"^ ohms ^. 

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 is 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 Moines 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 typical 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 it had passed through an automatic home water softener, 

which effectively 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 of the filter aid: 

1. Aluminum sulfate Alg(SO^)^ 

2. Ferric chloride FeCl-

3. Aluminum chloride AlCl^ 

4. Sodium sulfate Na^SO^ 

5. Calcium chloride CaClp 

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 

determination of Ky Plots of the variation of 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, 
196] 

pH: 9.6 

Dissolved solids : 275 ppm 

Total solids : 220 ppm 

Alkalinity as CaC0_: 60 ppm 

Non-carbonate hardness; 43 ppm 

Total hardness : 86 ppm 

Calcium, Ca. as CaCO^: 43 ppm 

Magnesium as CaCO^: 40 ppm 

Potassium, K: 3.2 ppm 

Sodium, Na: 3° ppm 

Iron, Fe: .05 ppm 

Manganese, Mn: .05 ppm 

Silica, SiOp: 13.4 ppm 

Nitrate, NO. as N: 1.6 ppm 

Fluoride, F: 1.0 ppm 

Chloride, CI: 17.0 ppm 

Sulphate, S0^: 93.4 ppm 

Bicarbonate, HC0q: 20 ppm 

Carbonate, C0_: 21 ppm 
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Table 7. Mineral analysis of Des Moines tap water on 
November 9» 19&3 

pH: 10.53 

Dissolved solids : 197 ppm 

Total solids: ' 197 ppm 

Alkalinity as CaCO^: ^ 56 ppm 

Non-carbonate hardness: 4-3 ppm 

Total hardness: 99 " ppm 

Calcium, Ca. as CaCO.: 37.4 ppm 

Magnesium, Mg as CaCO.: 62.1 ppm 

Potassium, K: 37.8 ppm 

Sodium, Na: 10.1 ppm 

Iron, Fe: .05 ppm 

Manganese, Mn: < .03 ppm 

Silica, SiOp: 12 ppm 

Nitrate, NO. as N: 0.01 ppm 

Fluoride, F: • 1.05 ppm 

Chloride, CI: 16.5 ppm 

Sulphate, S0^: 72.1 ppm 

Bicarbonate, HC0.: None 

Carbonate, CO.: 34.8 ppm 



www.manaraa.com

79 

Table 8. Mineral analysis of the University tap water on 
November 10, 1963 

Total residue: 537 ppm 

Alkalinity as CaCO.: 320 ppm 

Aluminum, Al: 0.05 ppm 

Calcium, Ca: 114.0 ppm 

Chloride, CI: 11.0 ppm 

Copper, Cu: 0.25 ppm-

Fluoride, F: 0.40 ppm 

Iron, Fe: 0.05 ppm 

Magnesium, Mg: 6l.O ppm 

Manganese, Mn: 0.20 ppm 

Nitrate, NO. as N: 0.70 ppm 

Phosphate, PO^: 0.15 ppm 

Potassium, K: 2.50 ppm 

Silica, SiO.: 12.0 ppm 

Sodium, Na: 19.5 ppm 

Sulphate, SOn: 210.0 ppm 
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VI. TEST RESULTS 

A. Constant Head Permeameter 

1. Series "Ç", Results 

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 tables 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 

collecting a certain volume of filtrate (Appendix C). Temper

atures, recorded for each separate run, were averaged arith-

ma.tica.lly as shown in Tables 9 and 10. A correction factor . 

was applied for conversion of the flow rate at the tabulated 

temperature to the standard temperature of 20°C (Appendix C)„ 

Corrected flow rates and corresponding K. values at the 

standard temperature of 20°C are tabulated in Tables 9 and 10. 

(Appendix C). Fig. 12 shows graphically variation in the K. 
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Table 9. Variation in K„ of a 5-gram Celite-535 precoat with time in the CHP 
filter 

Time of Rate of flow, Average Correction Plow at K„, 
filtration, gpm/sq ft temp., factor, 20°C, ^5 . mln 

20 

TL 

mlnutes C (H„) SPm/sq ft lb . gal 

t 

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 
45 28.72 28.10 1.205 23.40 0.73 
6o 27.51 28.25 1.209 22.80 0.75 
75 27.33 28.50 1.215 22.30 0.76 
90 26.45 28.58 1.217 21.80 0.78 
105 26.23 28.8? 1.225 21.41 0.79 
120 25.76 29.00 1.228 21.00 0.81 
135 25.50 29.12 I.232 20.60 0.82 
150 25.04 29.30 I.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 
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Table 10. Variation in K~ of a. 10-gram Celite-535 precoat with time in the CHP 
filter ^ 

Time of 
filtration, 
minutes 

Bate of flow, 
gpm/sq ft 

Average 
temp., 
C° 

Correction 
factor, 

^20^ 

Flow at 
20°C, 

gpm/sq ft 

s 

ft-5 • min 
lb • gal 

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 
45 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 
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values for a 5-gram Celite-535 precoat with time of filtration 

in the CHP filter. 

2. Series "A", Results 

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 

series 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 value 
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Fig. 12» Plot showing variation in K. 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 
table no. 

Results in 
fig. no. 

Chloride 

Sulfate 

Hydroxide 

Carbonate 

Sodium Chloride 

Calcium Chloride 

Aluminum Chloride 

Aluminum Sulfate 

Potassium Sulfate 

Sodium Sulfate 

Magnesium Sulfate 

Ferrous Sulfate 

Sodium Hydroxide 

Potassium Hydroxide 

Potassium Carbonate 

Sodium Carbonate 

Bicarbonate Sodium Bicarbonate 

Potassium Bicarbonate 

12 

"13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

13 

13 
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Table 12. Effect of the concentration of NaCl on the K- 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 salt 
tion, sa.lt at 

20°C 
(Fig. 9) 

tration T at T°C „ factor at 20°C 

min gpm/sq ft m x 10"3 °C gpm/sq ft ^20 
% gpm/sq ft ft^-min 

lb • gal 

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 4.24 28.8 7.06 27.6 1.22] 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 
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Table 13. Effect of the concentration of CaCl2 on the K 0f 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 ^salt 
tion, salt at tration T at T°C factor at 20°C 

20°C 
(Fig. 9) 

. T| 5 
min gpm/sq ft m x 10""5 °C gpm/sq ft gpm/sq ft ^.gal"*1 

6o 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 1.14? 20.77 0.820 

105 21.4 2.828 26.2 7.43 22.1 1.155 19.07 0.891 

120 

o
 

i—
i 

CM 

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 
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Table 14. Effect of concentration of AlClq on the Kq of a Celite-535 precoat in 
the CHP filter ^ 

Time of Plow rate Salt Average Calculated Temperature Flow rate K~ with 
filtra- without concen- temp., pH flow rate correction with sa.lt ^salt 
tion, salt at tration T at T°C factor at 20°C 

20°C 
(Fig. 9) . T| 

min gpm/sq ft m x 10"^ °C gpm/sq ft — gpm/sq ft ^.gal^ 

60 22.80 0 26.5 7.10 26.41 1.16 22.80 0.745 

75 22.30 0.53 27.0 4.34 28.30 1.18 23.95 0.710 

90 21.80 1.06 27.0 4.19 28.80 1.18 24.36 0.698 

105 21.40 2.12 27.3 4.11 28.50 1.18 24.15 0.705 

120 21.00 4.24 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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Table 15. Effect of the concentration of A1?(S0^)„ on the K„ 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 concert- temp., pH flow rate correction with salt- 3salt 
tion, salt at tration 

mm 

20°C 
(Fig. 9) 

gpm/sq ft m x 10 -3 

at T°C 

gpm/sq ft 

factor 

'20 
Î1 T 

at 20°C 

gpm/sq ft 

60 

75 

90 

105 

120 

135 

2 2 . 8  

2 2 . 3  

21.8 

21.4 

21.0 

2 0 . 6  

0 28.5 6.02 

0.425 28.9 4.16' 

0.850 28.9 3.96 

1.700 29.1 3.74 

3.400 29.1 3.50 

6.800 29.3 3.26 

27.7 

2 6 . 8  

27.0 

2 8 . 0  

28.7 

2 8 . 8  

1.215 

1.225 

1.225 

1.231 

1.231 

1.236 

22.80 0.745 

21.89 0.777 

21.95 0.775 

22.6? 0.750 

23.24 0.732 

23.36 0.726 
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Table 16. Effect of the concentration of K.SOr on the K„ of a 5-gra.m Celite-535 
precoat in the CHP filter ^ 

Time of Flow rate Salt 
filtra- without concen

tration tion, salt at 
20°C 

(Pig. 9) 

min gpm/sq ft m x 10~3 

Average 
temp., 
T 

o. 

Calculated Temperature Flow rate K~ with 
pH flow rate 

at T°C 

gpm/sq ft 

correction 
factor 

'20 
n T 

with salt 
at 20°C 

gpm/sq ft 

salt 

ft^'fflin 
lb.gal 

60 

75 

90 

105 

120 

135 

2 2 . 8  

22 .3  

21 .8  

21.4 

21.0 

20 .6  

0 

0.707 

1.414 

2 .828  

5.656 

11.312 

2 6 . 0  

2 6 . 2  

26.5  

27.0 

27.3 

26 .8  

6.78 

6.60 

6.61 

6.66 

6.58 

6.57 

26.3 

26.3 

26 .2  

2 6 . 1  

2 6 . 1  

25.9 

1.150 

1.154 

I.I63 

1.176 

1.184 

1.195 

22.80  

22.75 

22.49 

22.17 

0.745 

0.748 

0.75& 

0.767 

22.00 . 0.773 

21.60 0.788 
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Table 1?. Effect of the concentration of Na.?S(X on the K„ of a 5-gram Celite-535 
precoat in the CHP filter ^ 

Time of Flow rate Salt Average 
filtra- without coneen- temp., 
tion, salt at tration T 

20°C 
(Fig. 9) 

min gpm/sq ft m x 10"3 °C 

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.O 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 

Calculated Temperature Flow rate K„ with 
pH flow rate correction with salt ^salt 

at T°C factor at 20°C 

gpm/sq ft . -jç gpm/sq ft 
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Table 18. Effect of the concentration of MgSOr on the Kq of a 5-gram Celite-535 
precoat in the CHP filter 

Time of Flow rate Salt Average 
filtra- without concen- temp., 
tion, salt at tration T 

20°C 
(Fig. 9) 

min gpm/sq ft m x 10~3 °C 

6o 22.8 0 27.75 6.97 27.30 1.195 22.8 0.745 

75 22.3 1.06 27.75 7.07 26.20 1.195 21.9 0.777 

90 21.8 2.12 27.62 6.97 25.4 1.192 21.2 0.803 

105 21.4 4.24 27.62 7.00 24.9 1.192 20.8 0.818 

120 21.0 8.48 27.62 6.90 24.4 1.192 20.4 0.835 

Calculated Temperature Flow rate 
pH flow rate correction with salt 

at T°C factor at 20°C 

K„ with 
3 salt 

gpm/sq ft '20 
T] 
T 

gpm/sq ft ft-?'mi n 
lb-gal 
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Table 19. Effect of the concentration of FeSO^ on the K~ of a 5-gram Celite-535 
precoat in the CHP filter ^ 

Time of 
filtra
tion, 

min 

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 4.97 1.92 1.215 1.58* 10.80 

105 21.4 4.24 28.0 

C
O

 C
O

 

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. 

Flow rate Sa.lt 
without concen-
sa.lt at tration 
20°C 

(Fig. 9) 

gpm/sq ft m x 10~3 

Average 
temp., 
T 

pH 
Calculated Temperature Flow rate 

jlth sail 
at 20°C 

Kq with 
flow rate correction with salt Jsalt 
at T°C 

gpm/sq ft 

factor 

n 20 
v T 

gpm/sq ft ft^'min 
lb•gal 
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Table 20. Effect of the concentration of NaOH on the K~ of a 5-gram Celite-535 
precoat in the CHP filter ^ 

T factor at 20°C 

Time of Flow rate Salt Average Calculated Temperature Flow rate K. with 
filtra- without concen- temp. , pH flow rate correction with salt -'salt 
tion, sa.lt at tration 

20°C 
(Fig. 9) 

__ O 
min gpm/sq ft m x 10"^ o C 

at T°C 

gpm/sq ft 
n 20 
"H T 

ft^«min 
®m/scl ft ivisr 

6o 

75 

90 

105 

120 

135 

22.8 0 22.0 7.36 24.0 

22.3 1.05 23.0 10.56 20.1 

21.8 2.10 23.7 10.92 19.4 

21.4 4.20 24.3 11.23 19.2 

21.0 8.40 25.0 11.57 17. 

20.6 16.80 25.2 11.80 14.5 

1.049 

1.074 

1.090 

1.107 

1.125 

1.129 

22.80 0.745 

18.6? O.913 

17.79 

17.37 

15.75 

12.77 

0.956 

0.982 

1.080 

1.333 
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Table 21. Effect of the concentration of KOH on the K„ of a 5-gram Celite-535 
precoat in the CHP filter. ^ 

Time of Plow rate Salt Average 
filtra- without concen- temp., 
tion, salt at tration T 

20°C 

mm 

(Fig. 9) 

gpm/sq ft m x 10--^ o, 

pH 
Calculated Temperature Flow rate K« with 
flow rate correction with salt 'salt 
at T°C 

gpm/sq ft 

factor 

T] 
20 

V r  

at 20"c 

gpm/sq ft ft^'min 
lb•gal 

60 

75  

90 

105 

120 

135 

22.8 0.00 18.8 6.73 22.2 

22.3 1.06 20.0 10.^2 18.3 

21.8 2.12 20.7 11.00 18.4 

21.4 4.24 21.5 11.35 18.7 

21.0 8.48 22.0 11.67 I8.9 

20.6 16.96 22.3 12.00 18.1 

0.97 

1.00 

1.02 

1.04 

1.05 

1.06 

2 2 . 8  

18 .3  

18 .0  

18 .0  

18 .0  

17.1 

0.745 

0.930 

0.945 

0.945 

0.945 

0.995 

xO 
o\ 
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Table 22. Effect of the concentration of K_C0- on the K„ of a 5-gram Celite-535 
precoat in the CHP filter ^ ^ 

Time of Flow rate Salt 
filtra- without conten
tion, sa.lt at tration 

20 C 

mm 

Average 
temp., 
T 

(Fig. 9) 

gpm/sq ft m x 10"^ o, 

PH 
Calculated Temperature Flow rate K~ with 
flow rate correction with salt ^salt 
at T°C 

gpm/sq ft 

factor 

T] 
20 

T 

at 20°C 

SP"/sq ft 

60 

75 

90 

105 

120 

135 

22.8 0 24.6 7.00 25.4 

22.3 0.707 26.0 10.00 24.2 

21.8 1.414 26.8 10.20 24.6 

21.4 2.828 26.3 10.40 24.6 

21.0 5.656 26.3 10.62 24.8 

20.6 11.372 26.2 10.78 24.0 

1.115 

1.150 

1.172 

1.158 

1.158 

1.154 

22.80  

21.00 

21.20 

0.745 

21.00 0.810 

0.810 

0.803  

21.40 0.795 

20.60  0 .826 



www.manaraa.com

Table 23. Effect of the concentration of Na.?C0„ on the K„ of a. 5-gram Celite-535 
precoat In the CHP filter ^ 

Time of 
filtra
tion, 

min 

60 22.8 0.00 27.0 7.28 26.7 1.17 22.8 0.745 

75 22.3 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 H.36 26.5 10.70 25.7 1.16 22.1 0.770 

Plow rate Salt Average Calculated Temperature Flow rate K~ with 
without concen- temp., pH flow rate correction with salt ^salt 
salt at tration T at T°C factor at 20°C 
20°C 

(Fig. 9) 
T] ^ 

gpm/sq ft m x 10"^ °C gpm/sq ft gpm/sq ft ^ 
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Table 24. Effect of the concentration of NaHCO on the K„ of a. 5-gram Celite-535 
precoat in the CHP filter ^ 

Time of Flow rate Salt Average 
filtra- without concen- temp., 

salt_at tration T tion, 

mm 

20°C 
(Fig. 9) 

gpm/sq ft m x 10~^ o, 

pH 
Calculated Temperature Flow rate K„ with 
flow rate correction with salt salt 
at T°C 

gpm/sq ft 

factor 

'20 
71 T 

at 20°C 

gpm/sq ft 

60 

75 

90 

105 

120 

135 

2 2 . 8  

22.3 

21.8 

21.4 

21.0 

2 0 . 6  

0.00 

1.06  

. 2 . 1 2  

4.24 

8.48 

16.96 

2 5 . 2  

25 .2  

25.8 

2 6 . 2  

2 6 . 3  

2 6 . 0  

6.86 

7.85 

8.16 

8.58 

8.75 

8.78 

25 .8  

24.8 

24.1 

22.5 

21.5 

2 0 . 6  

1.13 

1.13 

1.15 

1.15 

1.16 

1.15 

2 2 . 8  

21.9 

20.9 

19.5 

18.5 

17.9 

0.745 

0.777 

0.815 

0.873 

0 . 9 2 0  

0.951 
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Table 25. Effect of the concentration of KHCO- on the K„ of a 5-gram Celite-535 
precoat in the CHP filter ^ ^ 

Time of Flow rate Salt Average 
filtra- without concen- temp., 
tion, salt_at tration T 

20°C 
(Fig. 9) 

min gpm/sq ft m x 10 -3 C 

pH 
K~ with 

flow rate correction with salt -'salt 
Calculated Temperature Flow rate 

fith sali 
at 20°C at T°C 

gpm/sq ft 

factor 

Î] 
20 
I T 

gpm/sq ft ft^'min 
lb•gal• 

6o 

75 

90 

105 

120 

135 

22 .8  

2 2 . 3  

21.8 

21.4 

21.0 

2 0 . 6  

0 

1.06 

2.12 

4.24 

8.48 

16.96 

25.5 

25 .8  

25 .8  

25.5 

25.8  

25 .8  

6.97 

7.85 

8.12 

8.32 

8.43 

8.44 

2 6 . 0  

26.4 

27.0 

26.7 

2 7 . 0  

27.1 

1.137 

1.143 

1.143 

1.137 

1.143 

1.143 

22.80 

23 .00  

23.45 

23.36 

23.54 

23.70 

0.745 

0.740 

0.725 

0.728  

0.723 

0.717 
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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. K» of Celite-535 in standard units versus salt 

concentration at standard temperature of 20°C 
(from data collected on the CHP filter) 



www.manaraa.com

0.95 

0.90 

K3' 0.85 
IN 

FT5 MIN. 
LB. GAL. 

0.80 

0.75 

0.70 

0.68 

No 

M g SO. 

DISTILLED _WAT£B %-

NoO 

H 
O 

=3= 

AlgtSC^lg 
KHCO 

5—e 

Al CI. 

J I L J L J I  1 L 
6 8 10 12 14 16 xlô^m 

SALT CONCENTRATION, MOLALITY 



www.manaraa.com

105 

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 factors for tempera

ture (Appendix C) . Finally, the corresponding values in 

standard units have been calculated from the corresponding 

flow rates at 20°C as described in Appendix G. 

Fig. 13 shows a. compilation• of some of the data in a, 

single figure which shows the range of flow rates versus the 

time of filtration observed in the CHP filter with both dis

tilled water and salt solutions. Fig. 14 also shows a compi

lation of some of the data in a single figure which shows the 

values of versus salt concentration. 

B. K. Filter 

1. Series "D", Results 

The series "D" tests were made to determine what factors 

affect the reproducibility of test r.esults with the filter. 

In one group of runs, water 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 which was cal

culated from the test results. Table 27 shows the results of 

such a test using 6 grams of Celite-535 filter aid as a. pre

coat. These results were discussed on pages 70 and 73 of 

this thesis. 

2. Series "E", Results 

The series "E" tests were conducted to determine the 

effect of using several, different tap waters in the determin

ation of the standard value of K« using the filter. The 

data, collected in these runs are tabulated in Tables 28 to 

32. A typical set of data are plotted in Fig. 15 and Fig. 16. 

Each table includes the data for two or more separate runs 

with different weights of precoat. The results from each of 

these runs could be plotted as shown in Fig. 15 to provide a. 

measure of K_. The 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 shown in the table represents the determined 

by a plot for data of that specific run only. In addition two 

other values of are included in each table. The mean value 

of K^ is the arithmetic average for each determined in the 

individual runs. The combined data value also shown in 

each table represents the value of which is obtained when 
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Table 26. Results of series "D" tests showing variation in 
head loss with time of filtration when distilled 

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

Time of 
filtration, 

mi n 

Head loss through* 
3 grams precoat 

Head loss through* 
5 grams precoat 

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 

45 4.1 7.4 

•><" Q 
Head loss in inches of manometer fluid at 20 C. 

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 

on page 74. 
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Table 27. Results of series "D" tests using Celite-535 in 
the determination of using the filter 

Precoat Time of Discharge, Head loss, K 
weight, ' filtration Q, h, 3' 11 » K 
gms min ml/sec inches ft .min 

lb*gal 

6 0 5.60 7.5 
4.50 6.0 
3.35 4.4 0.52 
2.25 3.0 
1.13 1.5 

6 io 5.60 7.5 
4.50 6.1 
3.35 4.4 0,52 
2.25 3.0 
1.13 1.6 

6 20 5.60 7.6 
4.50 6.1 
3.35 4.4 0.53 
2.25 3.1 
1.13 1.6 

6 30 5.60 7.6 
4.50 6.2 
3.35 4.5 0.54 
2.25 3.1 
1.13 1.6 

o 
Head loss in inches of manometer fluid at 20 C. 
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Table 28. Results of series "E" tests using Celite-535 with 
distilled water in determination of K„ using the 

filter, November 7, 19&3 

Precoat 
weight, W 

gms 

. Discharge 
Q, 

ml/sec 

Product of 
Q, • W 

gm x ml/sec 

Head 
loss, 
h 

inches 

K^, 

ft^-min 
lb•gal 

3 5.&0 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 

4 5.&0 22.4 5.40 
4.50 18.0 4.50 
3.35 13.40 3.20 0.538 
2.25 9.00 2.10 
1.13 4.50 1.10 

5 5.60 28.00 6.54 
4.50 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 

o Head loss in inches of manometer fluid at 20 C. 
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Table 29. Results of series "E" tests using Celite-535 » with 
Ames tap water in determination of K_ using the Kq 
filter, November 11, 19&3 

Precoat 
weight, W 

gms 

Discharge 
Q, 

ml/sec 

Product of 
Q • W 

gm x ml/sec 

Head* 
loss, 
h 

inches 

Ky 

ft^'min 
lb•gal 

3 5.&0 16.80 4.5 
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 

4 5.60 22.40 5.9 
4.50 18.00 4.7 
3.35 13.40 3.5 0.580 
2.25 9.00 2.3 
1.13 4.52 1.1 

6 5.60 33.60 8.3 
4.50 27.00 6.6 
3.35 20.10 4.7 0.540 
2.25 13.50 3.1 
1.13 6.78 1.6 

Mean 0.565 

Combined ' Data 0.565 

" o 
Head loss in inches of manometer fluid at 20 C. 
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Table 30. Results of series "E" tests using Celite-535 with 
Des Moines tap water in determination of Kq using 
the filter, November 9, 19&3 

Precoat 
weight, W 

gms 

Discharge 
O.» 

ml/sec 

Product of 
Q, ' W 

gm x ml/sec 

Head* 
loss, 
h 

inches 

Ky 

ft^.min 
lb • gal 

4 5.&0 22.40 • 5.9 
' 

4.50 18.00 4.7 
3.35 13.40 3.3 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 4 „4 0.580 
2.25 11.25 3.0 
1.13 5.65 1.4 

Mean 0.575 

Combined Data. 0.580 

o 
Head loss in inches of manometer fluid at 20 C. 

Tests were conducted to determine the effect of five 

different waters on values of 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 K„ using the 

filter, November 10, 1963 

Precoat 
weight, W 

gms 

Discharge 
Q, 

ml/sec 

Product of 
Q, • W 

gm x ml/sec 

Head* 
loss, 
h 

inches 

K3, 

ft^'min 
lb•gal 

3 5.60 16.80 4.6 
4.50 13.50 3.7 
3.35 10.05 2.6 0.595 
2:25 6.75 1.7 
1.13 3.39 0.7 

4 ' 5.60 22.40 6.3 
4.50 18.00 5.0 
3.35 13.40 3.5 0.616 
2.25 9.00 2.5 
1.13 4.52 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 

* 
Head loss in. inches of manometer fluid at 

0
 

0
 0 
CM 
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Table 32. Results of series "E" tests using Celite-535 with 
Ames-Zeolite softened tap water in determination 
of K„ using the K„ filter 

j j • 

Precoat 
weight, W 

gms 

Discharge 

ml/sec 

Product of 
Q, 1 W 

gm x ml/sec 

Head* 
loss, 

h 
inches 

» 

ft^-min 
lb•gal 

4 5.60 22.40 5.8 
4.50 18.00 4.5 
3.35 13.40 3.2 0.555 
2.25 9.00 2.2 
1.13 4.52 1.1 

5 5.60 28.00 6.6 
4.50 22.50 5.3 
3.35 16.75 3.8 0.525 
2.25 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 20°C. 

3. Series "F", Results 

This series.was 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 measured 

by determining the in the filter as described on page 

73 . The results of these tests are tabulated in Tables 3^ 

to 39. In each table, several runs were made with a constant 

precoat weight in which the concentration of salt in solution 
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Pig. 15. Determination of the of diatom!te from data 

collected on the Filter (Separate data.) 
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Fig. l6. Determination of the of diatom!te from data. 

collected on the K„ Filter (Combined data) 
j 
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Fig. 17. Bar graph showing.relative values of of 

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

of Celite-535 at a standard temperature of 20°C 

Source of water Table no. pH Ky 

ft-'-min 
lb * 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 softened tap water 32 7.5 0.540 

was increased from run to run (pages 53-54). The data for 

each run were plotted in a typical graph (Pig. 15) and used 

to determine the value of Ky 

Fig. 18 shows a compilation of all of the data in a 

single figure which shows the value of versus the salt 

concentration. Table 40 shows a. summary of where the data 

are to be found for each salt used in this series. 

The results shown in Fig. 18 indicate that the use of 

water containing KOH, CaClp and Na^SO^ gave higher values of 

K_ than tests conducted with the use of distilled water. 

With the salt concentrations used, continues to increase 

with increasing concentration of salts. 
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Table 34. Results of series "F" tests using Alg(SO^)^ 

solutions in determination of K„ of Celite-535 
using the filter ^ 

Precoat 
weight 

gms 

Salt 
concentration 

m x 10"3 

Discharge 
Q, 

ml/sec 

Head* 
loss 

h 
inches 

K3 

ft^-min 
lb.gal 

4 0 5.6o 5-3 
4.^0 4.1 
3.35 3.0 0.523 
2.25 2.0 
1.13 1.0 

4 . 1.82 5.60 4.9 
4.50 3.9 
3.35 2.9 0.476 
2.25 1.9 
1.13 0.9 

4 3.64 5.60 4.8 
4.50 3.8 
3.35 2.9 0.470 
2.25 1.9 
'1.13 1.0 

4 7.28 5.60 4.9 
9.50 4.0 

. 3.33 2.9 0.490 
2.25 2.0 
1.13 1.04 

4 14.56 5.60 5.0 
4.50 4.0 
3.35 3.0 0.500 
2.2j 2.0 
1.13 1.0 

Head loss in inches of manometer fluid at 20°C. 



www.manaraa.com

122 

Table 35. Results of series "F" tests using FeCl^ solutions 

in determination of K„ of Celite-535 using the K~ 
filter 

Precoat 
weight 

gms 

Salt 
concentration 

m x 10"^ 

Discharge 
Q.j 

ml/sec 

Head* 
loss 
h 

inches 

K3 

ft^'min 
lb•gal 

4 0 5.60 5.6 
4.50 • 4.4 
3.35 3.1 0.523 
2.25 2.0 
1.13 1.1 

4 4.56 5.60 5.10 
4.50 4.1 
3.35 2.8 0.480 
2.25 1.9 
1.13 1.0 

4 13.65** 5.60 5.6 
4.50 4.4 
3.35 3.1 0.520 
2.25 2.1 
1.13 1.1 

"X" Q 
Head loss in inches of manometer fluid at 20 C 

' * * 

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 AlCl^ solutions 

in determination of K„ of Celite-535 using the K„ 
filter 

Precoat 
weight 

gms 

Salt 
concentration 

m x 10"3 

Discharge 
Q, 

ml/sec 

Head* 
loss 
h 

inches 

K3 

ft^'inin 
lb•gal 

6 0 5.60 8.4 
4.50 6.6 
3.35 4.8 0.530 
2.25 3.3 
1.13 1.6 

6 2.145 5.60 8.15 
4.50 6.45 
3.35 4.72 0.517 
2.25 3.22 
1.13 I.60 

6 4.29 5.60 8.0 
4.50 6.3 
3.33 4.7 0.500 
2.25 3.2 
1.13 1.5 

6 8.58 5.60 7.40 
4.50 6.00 
3.35 4.40 0.485 
2.25 3.04 
1.13 1.55 

6 14.75 5.60 7.1 
4.50 5.9 
3.33 4.4 0.473 
2.25 3.0 
1.13 1.4 

*X* Q 
Head loss in inches of manometer fluid at 20 C. 
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Table 37. Results of series "F" tests using NagSOr solutions 

in determination 
filter 

of of Celite-535 using the K_ 

Precoat 
weight 

gms 

Salt 
concentration 

m x 10~3 

Discharge 

ml/sec 

Head* 
loss 
h 

inches 

Kj 

ft^.min 
lb•gal 

6 0 5 . 6 0 .  
4 . 5 0  

'  3 . 3 5  
2 . 2 5  
1.13 

8 . 4  
6 . 8  
5.0 
3 . 3  
1.7 

0 . 5 3 0  

6 2 . 8 1 * *  5 . 6 0  
4 . 5 0  
3 . 3 5  
2 . 2 5  
1.13 

8.5 
6.8 

ft 
1.8 

0 . 5 6 5  

6 5 . 6 2 * *  5 . 6 0  
4 . 5 0  
3 . 3 5  
2 . 2 5  
1.13 

8 . 5  
6.8 
5.2 
3.7 
1.8 

0 . 5 7 0  

6 11.25*** 5 . 6 0  
4 . 5 0  
3 . 3 5  
2 . 2 5  
1.13 

8 . 8  
7.0 

• ^ 
2 . 0  

0 . 5 9 0  

O Head loss in inches of manometer fluid at 20 C. 

Cake imperfectly formed (may cause slight decrease 
in K_). 

* it-
New cake. 
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Table 38. Results of series' "F" tests using Celite-535 with 
CaClp solutions in determination of K„ using the 

filter 

Precoat 
weight 

gms 

Salt 
concentration 

m x 10~3 

Discharge 
Q, 

ml/sec 

Head* 
loss 
h 

inches 

K3 

ft^,. min 
lb•gal 

6 0 5 . 6 0  
4 . 5 0  
3 . 3 5  
2 . 2 j  
1 . 1 3  

8 . 4  
6.8 
5 . 2  
3.5 
1.8 

0.530 

6 2 . 8 3  5.60 
4 . 5 0  
3 . 3 5  
2 . 2 5  
1.13 

8 . 2  
6 . 7  

1.8 

0 . 5 5 2  

6 5 * 6 6  5 . 6 0  
4 . 5 0  
3 . 3 5  
2 . 2 5  
1.13 

8.4 
6.8 
5 . 2  

' 3-5 
1.8 

0.563 

6 1 1 . 3 2  5 . 6 o  
4 . 5 0  
3 . 3 5  
2 . 2 5  
1.13 

8.6 
7.0 
5-3 
3 . 6  
1.9 

0.580 

6 2 2 . 6 4  5 . 6 0  
4 . 5 0  
3 . 3 5  
2 . 2 5  
1.13 

9 . 8 '  
8.1 
6 . 2  
4.4 
2 . 2  

0.663 

•X" Q 

Head loss in inches of manometer fluid at 20 C. 
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Table 39. Results of series "F" tests using Celite-
KOH solution in determination of K~ using 
filter ^ 

535 with 
the K -

Precoat 
weight 

gms 

Salt 
concentrât!on 

m x 10~3 

Discharge 
Q, 

ml/sec 

Head* 
loss 
h 

inches 

K 3  
ft^-min 
lb•gal 

4 0 5 . 6 0  
4 . 5 0  
3 . 3 5  
2 . 2 5  
1.13 

5 . 6  
4 . 4  
3 , 3  
2 . 2  
1.1 

0 . 5 2  

4 4 . 2 4  5 . 6 0  
4 . 5 0  
3 . 3 5  
2 . 2 5  
1.13 

5 . 8  '  
4.5 
3.3 
2 . 3  
1.2 

0 . 5 8 0  

4 8 . 4 8  5 . 6 0  
4 . 5 0  
3 . 3 5 .  
2 . 2 5  
1 . 1 3  

6.0 
4 . 7  
3.5 
2 . 4  
1.3 

0.61 

4 16.96 5 . 6 0  
4 . 5 0  
3 . 3 5  
2 . 2 5  
1.13 

6.5 
5.2 
3.9 
2.7 
1.4 

0 . 7 9 0  

•>c Q 

Head loss in inches of manometer fluid at 20 C. 
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Table 40. Summary of the tables and figures of the "F" series 
results conducted.with filter 

Salt solution Results in 
table no. 

Results in 
fig. no 

Aluminum Sulfate 

Ferric Chloride 

Aluminum Chloride 

Sodium Sulphate 

Calcium Chloride 

Potassium Hydroxide 

34 

35 

36 

37 

38 

39 

18 

The results in Fig. 18 again indicate that the other 
? 

three chemicals, Alg(SO^)^, FeCl_, and AlCl^ gave smaller 

values of than tests conducted with the use of distilled 

water. However, with Alg(SO^)^, the values started to. 

increase from its lowest value of 0.470 ^b^gal"^ a salt 

concentration of about 4 x 10~3m to 0.5000 ^b^gal^ a sa-'-^ 

concentration of about 15 x 10~3m, then levels off. But with 

FeCl^, the value reaches its minimum of = 0.480 ^b«gal*1 

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

concentration to about that of distilled water of 
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Fig. 18. values of Gelite-535 in standard units 

versus salt concentration at standard 
temperature of 20°C (from data collected 
on the K_ filter) 
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K3 = °-520 WIR • 

A typical range of values obtained with a standard 

salt concentration of 3 x 10~3 m is shown in Table 4l and 

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

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

Table 4l. Relative values of of Celite-535 using different 

chemical solutions at a, fixed concentration and a. 
température of. 20°C : 

Solutions Concentration Concentration K« 

AlgOO^)^ 2 1000 0.470 

FeCl. 3 485 ' 0.485 

AlCl- 3 400 0.508 

Distilled water • 0.520 

CaClg 3 334 0.555 

NagSOr 3 427 0.565 

KOH 3 170 0.575 
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Fig. 19. Bar graph showing relative values of -

Celite-535 for different electrolyte 
solutions at a standard concentration of 
3 x 10~3m (using the 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 the. permea

bility of diatom!te filter aid. Celite-535 from a single 

50 lb. shipment, from the Johns-Manville Corporation was 

selected as the commercial grade of diatomite filter' aid 

used in all tests. 

Test runs were conducted with both a Constant Head 

Permeameter (CHP) and a. filter.. Early efforts were 

directed to making standard permeability determinations using 

typical CHP apparatus. Then, after publication of the theory 

of diatomite filtration, the use of the K. permeability coef

ficient was found to offer significant advantages in saving 

time, material, and providing increased accuracy of test 

results. As a result, the K. 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 

All 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 chemicals in solution increased, the 

permeability of the filter aid, or decreased the values, 

from those observed using distilled water at any time of 

filtration, 

2. Another group of chemicals in solution decreased the 

permeability of the filter aid, or increased the values, 

from those observed with distilled water at any time of 

filtration. 

Now questions may be asked as to how these chemicals 

affect the filtration results. These observed effects of the 

salts in solution on the filter cake permeability could be 

due to one or more of the following 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 the nature of the 

diatomite surface. 

c. The salts in solution may change the thickness of 

the fixed layer of water around each particle 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 10~3m in Fig. 14, the following 

chemicals in solution increase the filtration rates and 

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

effect on ) 

AlCl. 

KHCO^ 

Alg(SO^)^ 

NagCO. 

NaCl 

KgSO^. 

Similarly, the following chemicals in solution decrease 

the filtration rates and increase the corresponding values 

of from those obtained with distilled water: (arranged 

in increasing order of their effect on K.) 

KgCO^ . 

MgSO^ 

NaHCO. 

KOH 

NagSO^ 

NaOH 

CaClg 

Table 42 shows the calculated K. values for Celite-535 

filter aid when the salt solution filtered has an arbitrary 

concentration of 10 x 10~3m. 
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Table 42. K. values of Celite-535 with different electrolyte 

solutions using the CHP filter and a. 5-gram precoat. 

Salt solution Salt concentration K0, 
3 

o ft^'min 
nr x 10"^' ppm . lb-gal 

AlCl. 10 1340 0.700 

KHCO. 10 1000 0.725 

Alg(SO^). 10 3400 .. 0.732 

Na^CO. 10 1060 0.766 

NaCl 10 585 0.775 

KgSO^ 10 1730 0.785 

H.O (distilled) Standard Value 0.810 

KgCO^ 10 1380 0.815 

MgSO^ 10 1200 0.835 

NaHCO. 10 845 0.930 
J 

KOH 10 56O 0.945 

Na.SO^ 10 1400 1.060 

NaOH 10 400 1.120 

CaCl 10 1100 1.370 
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C. K. Filter Results 

Tests conducted-with the K. filter, basically were . 

divided into three different serieses, namely "D" "E" and "F". 

The first series of runs, or Series "D", were conducted to 

determine the reproducibility of the K. 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 K„ for a Celite-535• The 
3 c. 

fi" • mi 71 
variation in values were from = 0.530 '^.g^— (for dis

tilled water) to = 0.610 ^.gai*1 (for college tap water) 

(Table 33)• These variation in K_ 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 

(Alg(SO^)^, FeCly AlCly Na^SO^, CaClg, and KOH) were in

vestigated on the permeability of Celite-535 used as precoat 

in the K. filter. Figure 18 shows a. compilation of the data 

in a single figure for K. values versus salt concentration of 

all the above mentioned chemicals. 

The results in this figure indicate that the K. values 

for Celite-535 determined using solutions up to concentration 

of 8 x 10~3m of the above electrolytes will be in the follow

ing order: Alg(SO^) , FeCl^, AlCl^, H^O (distilled water), 
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CaClgj Na2S0^, and KOH (K^ values are in increased order). On 

the other hand, for salts concentrations of 10 x 10~3m and over 

(Fig. 18), the order of the above chemicals as far as 

values are concerned were as follow: AlCl^, Alg(SO^)^, FeCl^j 

HgO (distilled water), CaCl^, Na^SO^, and KOH. 

It is interesting to note that the pattern of their order 

as far as their effects on the K. values for Celite-535 are 

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 aid will be included 

in the next section. 



www.manaraa.com

139 

VIII. INTERPRETATION OF TEST RESULTS 

The zeta potential of the particles in a filter media 

will change if an electrolyte solution is passed through the 

filter media (6, 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 Ç-potential of , 

the particle will also change. The thickness of the hydrated 

layer depends upon the concentration of the electrolyte (6). 

An expansion or shrinkage of this hydrated layer will lead to 

a change in pore space. The well known Debye-Huckel 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 ionic 

strength of the electrolyte solution is n; 

n 1/2 (6) 

For water at 25°C, the constant K is equal to 3 x 10~^cm (5). 

Therefore, according to this equation, the thickness of the 

hydrated layer around the diatomite particles may be calcu

lated easily for any electrolyte solution of known 



www.manaraa.com

140 

concentration. It is apparent in Equation 6 that as the 

ionic 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, 9). 

According to the Debye-Htfckel Theory, the thickness of 

the hydrated layer around diatomite particles for different 

electrolyte solutions should be a. function of their ionic 

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 be the permeability of the filter 

media. 

If we compare the different values of for Celite-535 

determined using different concentrations of AlCl^ solutions 

in the K. 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 values 

decreased. These results are shown in the Table 43. 

Fig. 20 shows a plot of K. values in standard units on 

an arithmetic scale versus the square root of ionic strength 

for (A1C1-J solution on a logarithmic scale. This relation-
J 

ship between K„ and ionic strength is linear whether the plot 
J 

is for K. values versus square root of ionic strength, \i 1/2, 

or if it is for K. values versus the reciprocal of the square 

root of ionic strength, , as appeared in the Debye-HUckel 
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Table 43. Effect of the ionic strength of solutions of 
AlCl^ on the values of of Celite-535 using 

the K. filter 

Precoat 
weight 

gms 

Salt 
concentration 

m x 10~3 

l / ? 
(Ionic strength) 

p.1/2 
K3 

ft^-min 
lb•gal 

6 0.000 0 O.53O 
2.145 0.1135 0.517 
4.290 0.1604 0.500 
8.580 0.2269 0.485 
14.750 0.2975 0.473 

equation. These results would seem to indicate the change in 

K_ is 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 

decrease the permeability of the filter media contrary to 

what will be predicted from the Debye-HUckel equation. For 

example, if we consider the K. values of Celite-535 determined 

using solutions of (NaHCO ) at different ionic strengths 

(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.-

These results are tabulated in Table 44. 
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Fig. 20. Effect of the ionic strength of solutions 
of AlCl^ on the values of of Celite-535 

using the filter, 20°C 
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Table 44. Effect of the ionic strength of solutions of 
NaHCO. on the value of of Celite-535 using 

the CHP filter, at 20°C 

Precoat 
weight 

gms 

5 0 
1.06  
2.12 
4.24 
8.48 

Fig. 21 shows the variation of K. of Celite-535 on an 

arithmetic scale versus the square root of ionic strength of 

different solutions of (NaHC0o) on a logarithmic scale. 
J 

Again, we find the relationship between K_ and ionic strength 

is straight line, but in a direction opposite to what would 

be predicted by the Debye-HUckel Theory. 

Another explanation of the observations resulting from 

this study is that based on the concepts explaining 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 their orientation and pass into ordinary water. 

Salt (Ionic strength)1̂ 2 K. 
concentration n 

o ? ft^«min 
m x 10"J x 10" lb-gal 

0 
3 . 2 6  
4.6o 
6.51 
9.21 

0.745 
0.777 
0.815 
0.873 
0 .920  
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Fig. 21. Effect of the ionic strength of solutions 
of NaHCO^ on the values of 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 degree of hydration of the diatomite 

particles, or the amount of bound water associated 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 the adsorbed ions. 

As the valency of the cation becomes greater, the 

diffusions! layer is compressed and the size of the hydration 

envelope decreases. As a result, it will increase the pore 

space available 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 filter. The filter tests results 

indicate that the value of of Celite-535 will be in the 

following order of magnitude when solutions incorporating 

the listed cations are used to determine filter aid impermea

bility (Fig. 18): 

K+ > Na+ > Ca++ > H+ (distilled water) > Fe+++ > Al+++. 

Of interest here is the work of other 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). 

The materials studied by these investigators, were 

Chasov Yar (CY) Clay and Prosyamov (P) Kaolin. In their 

investigation of the effect of the nature of the absorbed 

cations on the amount of water retained in 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 the higher the valency of the cation (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 the 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 the clay is saturated with 

Na+ cations and least when it is saturated with Al+++ cations 

(Fig. 22). In general, the cations saturating clay may be 

arranged in the following series showing decreasing (from left 
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Fig. 22. Amount of water held by CY-Clay in relation to 
the pressure and the nature of the exchange 
cation (14, page 8?) 
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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 8 7 )  
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to right) amounts of water held by the clay : Na+ > Ca++> 

H+ > Al+++ for CY-Clay (Fig. 22) and Na+ > Ca++ > H+ > Al+++ 

2 
for P-Kaolin (Fig. 23) for pressures of less than 120 Kg/cm . 

2 + 
For pressures greater than 120 Kg/cm , the order was Na > 

> Ca++ > (Fig. 23) for P-Kaolin, 

The results obtained in this study on the effect of 

cations on the amount of water held by the diatomite particle 

gave the same order with both the CHP filter and the K^ filter. 

In decreasing order of the K_ values of Celite-535i the cations 

were as follows : Na+ > Ca++ > H+ (distilled water) > Al+++ 

(Fig. 18).  

In a similar manner, the Russians studied (14) .the effect 

of the adsorbed anions on the amount of water held by 1 gram 

of clay. The anions produced results in the following order 

according to decreasing amounts of water held by 1 gram of 

clay under constant pressure (Fig. 24): OH- > CCy • > 

CH.COO > S0^ > CI . 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 

variation in K_ when the same mola.1 concentration of different 

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

following results are extracted from Table 42: 
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Fig. 24. Amount of water held by Na-clay in 
relation to the pressure and nature 
of the anion (14, page 88) 
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Salt Concentration 

NagCO. 

NaCl 

NaHCO. 

NagSO^ 

NaOH 

m x 10 -3 

10 

10 

10 

10 

10 

3' 
f « m i n  
lb•gal 

0.766 

0 . 7 7 5  

0.930 

I.060 

1.120 

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

of the sodium salts on the value of K^) would be in the. 

following order: OH > SO 4 
> HC0„ > CI > C0~ . Here, 

3 J 

the CO appears to be out of place. In a similar manner, 
3 

the effect of the anion in potassium salts was in the follow

ing order (Table 42): OH > C0_ > S0^ > HCO^ . 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 retention of different 

thicknesses of the bound water layer around the diatomite 

particles in the filter cake. The cations and anions, will 

increase the of a filter cake due to changes in pore 

space available for flow in the following order : 
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Cation order 

Al 

Fe 

H+ 

Ca 

Na. 

+++ 

+++ 

++ 

+ 

K 
+ 

Anion order 

Cl™ 

HCO ~ 

SO 
4 

CO, 

OH 

K, 

lowest 

highest 
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IX. SUMMARY 

A. Constant Head Permeameter 

The value of diatomite filter aids, 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. Using a 

constant head permeameter, the head loss is held constant and, 

Q, the rate of flow is observed through various weights of 

precoat. 

The data collected can be plotted to show head loss 

through the precoat diatomite in feet of water, h, versus 

QW^. Since 

hx = K3QWv (7) 

the slope of the straight line drawn through the origin and 

the data, collected with the CHP filter will represent the 

value of Ky 

Using five grams of Celite-535 filter aid as precoat, 

the value at 20°C changes from = 0.600 ^,gal" to 

= 0.880 ^.g^n during three hours of filtration, an 

increase of 4-7 per cent (Table 9) • Using ten grams of pre

coat, the value changes from 0.595 to O.73O ln 

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 value 

calculated using results determined with the CHP apparatus. 

It was observed that the value of 10'grams of precoat was . 

slightly smaller than the value of 5 grams of precoat 

under exactly'the same conditions (Tables 9 and 10). 

2. The rate of flow through the CHP filter was observed 

to decrease (with an increase.in K.) with time (Fig. 9)• 

However, tests made under exactly similar conditions indicated 

that the change in with time was always similar and the 

comparison of values determined with different qualities 

of water could be made, if the comparison was made always 

after the same period of filtration. , All comparisons 

using different waters with the CHP apparatus were made using 

5 grams of precoat and after equal periods of filtration. 

Although the values are not identical with the 

values determined with the K. filter, they can. be used to 

demonstrate the qualitative effects of solutions of various 

salts on the K« impermeability coefficient of diatomite. (The 

CHP filter will give a slightly higher value of K« than the 

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 at 

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 was determined with each concentration 

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 values over those obtained with distilled 

water: (In increasing order of K^) AlCl^, A12(S0^)KHCO^, 

Na^CO^, NaCI and K^SO^ (Fig. 13 and Fig. 14). Similarly, 

the following salts were found to decrease the filtration 

rates a.nd increase the corresponding values over those 

obtained with distilled water: (in increasing order of K.) 

KgCO-, MgSO^, NaHCO^, KOH, NagSO^, NaOH and CaClg (Fig. 13 

a.nd Fig. 14). 

The test results with the CHP filter served to indicate 

qualitatively and quantitatively the role which different 

chemical solutions will play in affecting the 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. 

Relatively 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 rate initially was about 28 gpm/sq ft 

and decreased with time. 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 K_ than would be obtained in normal 

filtration practice. 

3 .  From four to five hours was required to complete each 

test, and the results of with each salt concentration had 

to be based on the slope of a straight line through the origin 

and one additional point. 

In view of possible errors which might result from these 

causes, a record apparatus, the filter, was used to collect 

similar data to verify the results from the CHP filter. 

B. Filter 

The use of the K_ filter greatly simplified the deter

mination of Kj for diatomite filter aid. In each case, the 

value of was determined as follows : In successive runs, 

the apparatus was used to determine the head loss across 

several weights of precoat when 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 h-^ versus QW^ (Fig. 15) • The slope of the line 

through as many as fifteen to twenty points provided a repro

ducible measure of K^. The results of by all methods gave 

the same results with less than 1 per cent error. 

The apparatus has several distinct advantages over 

the CHP filter : 

1. The volume of water was smaller (7 gallons) and was 

stored in covered plastic containers. 

2. The flow rates used, 1 to 4 gpm/sq ft, were similar 

to those used in normal diatomite filtration practice. 

3. The temperature of the water could be maintained 

constant through a single run. 

4. 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 K» filter. All methods' 

of determining quantitative values of gave similar results. 

Several runs were made to determine the change in value of 

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

value through 6 grams precoat was observed to increase from 

•P "j-5 . rri n yi 
0.520 to 0.540 xb.ga]_ after 30 minutes of continuous filtra

tion at the highest flow rates used in the apparatus. Since 

all tests were completed in less than this time, the values 

of were unaffected by the changes in the cake arrangement 

with time of filtration. 



www.manaraa.com

163 

The series "E" tests were conducted to determine the 

effect of using several different tap waters for the deter

mination of value of Celite-535 with the filter. The 

value of as determined with each water may be summarized 

as follows (Fig. 17): 

Types of water , 

ft^.min 
lb*gal 

(1) Distilled water . 0.530 

(2) Ames-Zeolite softened tap water 0.540 

(3) Ames tap water 0.565 

(4) Des Moines tap water O.58O 

(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 must be due 

to the differences in the cations and anions in solution in 

water. In each case, the value of was increased using tap 

water with a maximum increase of about 15 per cent. These 

waters contain significant concentrations of calcium, sodium 

and magnesium salts which were found in the filter to 

similarly increase the value of filter aid. 

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

salts in solution on the value of K0 determined with the K~ 
3 3 



www.manaraa.com

164 

filter. The value of 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 of ' 

the same cake. 

This series of tests indicated that solution of Al^ 

(S0^)_, FeCl^, and AlCl^ will provide a value of that is 

smaller than that observed with distilled water. Solutions 

of Na-gSO^, CaClg and KOH will provide a higher value of 

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 potential of 

diatomite than its value when determined with deionized 

water". In this study, the determination of the K_ value of 

C-535 using water containing ferric and aluminum, salts in 

solution provided a lower value of than the use of distilled 

water. The use of sodium, calcium and potassium in solution 

in the water provided a higher value of 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 K. filter as described in this thesis may be 

used to provide a measure of the impermeability coefficient 

of diatomite filter aids. The impermeability coefficient 

represents a hydraulic characteristic of filter aids in the 

following equation: 

hx = K3QWx (7) 

where 

h^ = head loss through the precoat diatomite in feet 

of water 

Q = rate of flow (gpm/ft^) 

= weight of precoat (lb/ft^) 

Kj = permeability coefficient for the clean precoat 

(ft^•min/lb•gal) 

2. For comparison between laboratories, the value of 

should always be determined using distilled water. Tests 

using k typical hard and softened well waters indicated that 

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 amount of 

pore space available for flow will be changed as the 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 

indicated that with a. salt molality of 10 x 10"-^ the value of 

Kg 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 

of a filter cake due to changes in pore space available 

for flow in the following order : 

Cation order Anion order K 

Al 
+++ 

CI lowest 

Pe 
+++ 

H 

Ca 
++ 

0H~ 

K 
.+ 

highest 
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XI. RECOMMENDATIONS 

The author wishes to make two recommendations : 

1. Use 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 similar conditions in various parts of the 

country, investigators should consider the 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 the filter aid permeability. 



www.manaraa.com

168 

XII. BIBLIOGRAPHY 

1. Ba.uma.nn, E. R. A study of the effect of mechanical 
compression on the particle size and permeability of 
diatomite filter aids. Section D of final report to 
Engineer Research and Development Laboratories, Port 
Belvoir, Virginia, contract W-44-009 eng. 453* 
University of Illinois, Department of Civil Engineering, 
Division of Sanitary Engineering. [Mimeographed report] 
Urbana, Illinois. 1950. 

2. Baumann, E. R. The design and operation of.diatomite 
precoat filters for water. Unpublished Ph.D. thesis. 
Urbana., Illinois, Library, University of Illinois. 1954. 

3. Ba.uma.nn, E. R. , Cleasby, J. L. and LaFrenz, R. L. A 
theory of diatomite filtration. Journal of the American 
Water Works Association 54: 1109-1119. 1962. 

4. Ba.uma.nn, E. R. and LaFrenz, R. L. Optimum economical 
design for municipal diatomite filter plants. Journal 
of the American Water Works Association 55: 48-52. 1963. 

5. Brey, Wallace S., Jr. Principles of physical chemistry. 
New York, N. Y., Appleton-Century-Crofts, Inc. 1958. 

6. Bull, H. B. and Gortner, R. A. Studies on electrokinetic 
potentials. VI, Journal of Physical Chemistry 35- 3°9-
330. 1931. 

7. Dillingham, J. H. Hydraulic characteristics of some 
diatomite filter aids. Unpublished M.S. thesis. . Ames, 
Iowa, Library, Iowa State University of Science and 
Technology. 1963. 

8. Gardner, D. G. Effect of certain ion combinations 
commonly found in potable water on rate of filtration 
through roasted and ground coffee. Coffee Brewing 
Institute, Pub. No. 31• March, 1958. 

9. Grigorov, 0. N. and Novikova, N. A. Filtration capacity 
and electrokinetic potential of capillary systems. 

. Colloid Journal (U.S.S.R.). In English translation. 
17: 259-265. 1955. 

10. Hildebrand, Joel H. and Powell, Richard E. Principles 
of chemistry. Sixth ed. New York, N. - Y=, The 
Macmillan Company. 1956. 



www.manaraa.com

169 

11. Hodgman, Charles D., Weast, Robert C. and Selby, Samuel 
M. Handbook of Chemistry and Physics. 37th ed. Cleve
land , Ohio, Chemical Rubber Publishing Co. 1955-1956. 

12. Hudson, H. E., Jr. Factors affecting filtration rates. 
Journal of the American Water Works Association 48: 
1138-1154. 1956. 

13. Johns-Manville Products, Celite Division. Filter aids 
and mineral filters. DS series 450. The Company. 
New York, N.Y. (ça. 1952). 

14. Kukolev, G. V. and Syrkin, Ya. M. Effect of the type of 
sorbed ions on the splitting pressure in aqueous films 
and on the water retaining capacity of clay and kaolin. 
Colloid Journal (U.S.S.R.) In English translation. 17: . 
85-91. 1955. 

15. LaFrenz, R. L. Design of municipal'diatomite filters 
for iron removal. Unpublished Ph.D. thesis. Ames, Iowa, 
Library, Iowa State University of Science and Technology. 
1961. 

16. Martin, Deward M. and Baumann, E. Robert. A study of 
several factors affecting the precoat, backwash, and the 
hydraulic characteristics of a diatomite filter. Section 
A of final report to Engineer Research and Development 
Laboratories, Fort Belvoir, Virginia, contract W-44-009 
eng. 453. University of Illinois, Department of Civil 
Engineering, Division of Sanitary Engineering. 
[Mimeographed report .J Urbana, Illinois. 1950. 

17. Oulman, C. S. Streaming potentials in diatomite filtra
tion. Unpublished Ph.D. thesis. Ames, Iowa, Library, 
Iowa State University of Science and Technology. 1963• 

18. Phillips, Eugene, Jr. Recommended practices for the 
design and operation of diatomite water filters. 
Unpublished M.S. thesis. Ames, Iowa, Library, Iowa 
State University of Science and Technology. 1957. 



www.manaraa.com

170 

XIII. ACKNOWLEDGMENTS 

The author wishes to acknowledge the aid and suggestions 

of his major professor, Dr. E. Robert Baumann, for his 

guidance, fcr providing space, laboratory facilities, mate

rials, chemicals and his assistance during the course of this 

study. The research was supported in part by Research Grant 

WP-OOI96 from the U.S. Public Health Service, Division of 

Water Supply and Pollution Control. 



www.manaraa.com

171 

XIV. APPENDIX A: DEFINITION OF TEEMS 

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 filter 

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 porous layer 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 different grades of filter aids 

depending on their particular•particle 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. Ion 

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

For example : Ca(OH) ̂ -» Ca++ + 20H~o Both the (Ca++) and 
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(OH ) are ions in solution. The positive ions are called 

cations and the negative ions are called anions. 

Ions may "be present in the solutions in either a free 

or a solvated state. In addition ions 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. 

Ions may be monovalent, divalent or polyvalent depending 

upon the number of-electrons they have gained or lost. For 

~f" ""H" — — 
example : Na and CI are monovalent ions, G a. and SO^ are 

+++ 
divalent ions and A1 is a trivalent ion. 

3. Ionic strength 

Ionic 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 

species in the solution 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. 

H = 1/2 Z Z^ = 1/2 (C^Z^ + + . . . + CyZ^Z) 

where : 

H = the ionic strength 

CX = the ionic concentration 

= the number of electronic charges on the ion. 
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For example, with AlCl^ concentration of 2.145 x lO~^m 

(Table 43) 

H = 1/2 (C^Z 2 + 

where 

= Al+++ concentration = 2.145 x 10~^m 

Cp = CI concentration = 3 x 2.145 x 10~^m 

Zj = 3 (number of electronic charge on Al+++) 

Zp = 1 (number of electronic charge on CI ) 

Therefore, 

l_i = 1/2 (2.145 % 10~3 % 3^ + 3 x 2.145 x 10"3 x 1%) 

= 0.01287 or 12.87 x 10"3 

and 

(j.1/2 = 1.135 x 10"1 or 0.1135 (Table 43) 

Similarly, with NaHCO^ concentation of 1.06 x lO~^m (Table 44) 

|J = 1/2(0 2̂̂ 2 + CgZgZ) 

Here 
j o 

C^ = Na concentration = 1.06 x 10~^m 

Cg = HCO^ concentration = 1.06 x 10~^m 

= 1 (number of electronic charge on Na+) 

Zg = 1 (number of electronic charge on HC0- ) 

Then, 

n = 1/2 (1.06 x 10~3 X 1^ + 1.06 X 10~3 x 1^) 

. _4 = 10.6 x 10 
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and 

= q, 26 x 10"2 (Table 44) 

4. 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 called the precoat. 

6. Salts 

Substances which crystallize in ionic lattices, except 

those whose negative ion is OH , are usually called salts, by 

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 

orient with its negative part towards the positive atom of 

the salt and its positive part towards the negative atom of 

the sa.lt (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 a.nd 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 ions (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 electrical 

potential difference between the outer edge of the fixed 

layer and point of electroneutrality in the water surrounding 

the particle is referred to as the electrokinetic or zeta 

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

• The1 filter is simple to operate and incorporates 

sufficient valves and lines to permit a. high, degree of 

flexibility in its operation. With practice, an operator can 

soon dispense with detailed 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, 1^ 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, 11, 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 close them. 
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Valve-s closed: 1, 2, 3> 4-, 

and 21 

Backwashing operation: 

Valves open: 1, 3, 4-, 6, 

Valves closed: 2, 5» 7, 8, 

19, 20 and 

operation, 

front face 

it. 

6, 7, 8, 9, 11, 12, 13, 20 

13, and 14 

9, 10, 12, 15, 16, 17, 18, 

21. After a. few minutes 

open valve 10 to wash the 

of the screen and then close 



www.manaraa.com

178 

XVI. APPENDIX c: SAMPLE CALCULATIONS 

A. Constant Head Permeameter 

1. Filter area: The filter consisted of a circular septum 

2.718 inch in diameter. 

A = x^(2«718) = 0.0402 sq ft 

2. Bate of filtration at T°C: The rate of filtration was 

expressed in gallons per minute per square foot of filter 

area. 

Rate = volume 
aate % area 

Example: Series "C" run using five grams of diatomite 

precoat. During check on flow rate, 0.107 ft^ 

of filtrate was collected in an average time 

of 35•4-3 seconds. 

_ (0.107 ft^) (60 second/min) (7.48 gal) 
tiate (35.43 sec.) (0.0402 sq ft) (ftJ) 

= 33.73 gpm/sq ft 

Average temp. = 27.75°C (recorded) 

3. Rate of filtration at 20°C: 

Viscosity of water at 27.75°C, T]^ = 0.8407 centipoise 

Viscosity of water at 20°C, T|= 1.0050 centipoise 

Correction factor = = q *•3407' = 1*195 

Therefore, flow rate at 20°C = = 28.23 gpm/sq ft 
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4. K computation from flow rate: 
J 

1^1 — K^QW^ 

Where : Q, = flow rate in gpm/sq ft 

W^ = precoat diatomite in lb/sq ft 

h^ = head loss in feet of water 

Since : h^ = 4.65 feet 

Q, = 28.23 gpm/sq ft at 20°C 

W^ = 5 grams 

Then, ^.65-(ft) = K, & <5 
^ (454 gram/lb) (.0402 ft^) 

4.65 x 454 x 0.0402 
3 =  — — m 

K _ 17 ft-* ° mln 
*-3 Q' lb - gal 

At a temperature of 20°C, becomes 

K3 = 28?23 = 0,60 VO•'gal" (Table 9 of this thesis) 

5. Calculation of a salt solution concentration: 

Take, for example, Na^SO^: M.W. = 142.06 

Volume of the distilled water in the CHP filter was 

v = 56.775 liters (H^O) 

1 ppm = .05677 gm in 56.775 liters, or 

100 ppm = gm 
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Therefore, if we take' 5.6?7 gm of Na^SO^, this is equivalent 

to 100 ppm of NagSO^ in the total volume of water in the filter 

system 

m = lOOO^x M.W. (molality) 

m = 1000 x 142.06 = °-7°3 x 10 

Concentration, in terms of ions : 

If we assume that Na^SO^ dissociates into 2 j^Na^j and |so^ , 

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

grams of Na^SO^ is equivalent to 

(5.677 gms) (6.02 x 1023 mol"1 x molecules) _ n ?L^? , „23 

(142.06 gm/mole) molecules 

0.242 x 1023 x 3 = 0.726 x 1023 ions 

(6.02 x 102^ m°moiel0 ̂  is Avogadro* s number ) 

Summary : 100 ppm of NagSO^ provides 

molality = 0.703 x 10"^ 

ions = 0.726 x 102^ ions in the system. 

B. K_ Filter 

h1 = 

In the K. filter, 

Filter area, A = .0218 sq ft. 
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was measured in grams instead of (lb/sq ft) 

Q, was measured in ml/sec instead of 

(gpm/sq ft) 

H was measured in inches of manometer liquid 

instead of ft of water 

Conversion of these units and simplification was accomplished 

as follows: 

hl 
= h, ft of water 

Where: 2.94 is the specific gravity of the manometer liquid 

h = manometer reading in inches of manometer liquid 

Q , q ( 0.0002642 «al > ( 60^ , ( _55Tsi_7ï ) = 0.728q 

Where, q = discharge in ml/sec. 

W1 = w ) ( .02181sq ft } = °-1010w> ic^ft 

where, w = weight of precoat in grams 

Upon substitution of these values in the equation, we obtain 

K _ 1.94 h ft^ • min 
3 12 x 0.728 x 0.1010 q x w lb • gal 

K- = 2.22 —-— (at 20°C), ' min 
3 ' q x w ' : lb • gal 

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/l 

C. ionic concentration 

CHP constant head permeameter 

cm centimeter 

T| viscosity 

ft feet 

gal gallons • 

gm grams 

gpm/sq ft gallons per minute per square 

foot of filter area 

head loss 

inside diameter 

inches 

coefficient of permeability 

kilogram per square centimeter 

pound 

pounds per cubic foot 

molality, number of moles of 

solute present with each 

kilogram of solvent 

h 

ID 

in. 

K3 

Kg/cm2 

lb 

Ib/ft^ 

m 
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mg milligram 

min minutes 

ml milliliters 

ml/sec milliliters per -second 

mm millimeters 

M.W. molecular weight 

l_i ionic strength 

mv millivolts. 

N normality, number of equivalents 

of solute per liter of solution 

OD outside diameter 

ppm parts per million 

Q rate of filtration, volume per 

unit of area per unit of time 

rps revolutions per second 

S slope ratio 

sec second 

t minute 

v volume • 

V velocity 

VHP variable head permeameter 

wt weight 

Ç zeta potential 

Z. the number of electronic 
i 

charges on the ion 
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