




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. 
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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 
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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. 



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  



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 



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: 



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. 
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The series "E" tests were conducted to determine the 

effect of using several different tap waters for the deter

mination of 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 
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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. 
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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 



1?4 

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 
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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 


