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ABSTRACT 

In conventional water treatment plants, alum is added for turbidity removal, and lime 
and soda-ash are added for hardness removal. Chemicals are needed for both the processes 
and, hence, sludge volume increases. 

Jar tests were conducted at varying calcium hardenesses, alum dosages and pH values 
to evaluate the effects of hardness in turbidity removal while using a blender and filter 
paper to simulate direct filtration. Some microscopic photographs were taken in order to 
show the formation and adsorption between calcite and clay particles. 

The results showed that calcium hardness had little effect on turbidity removal when 
the pH was less than eight. The formation of calcite particles affected the efficiency of tur¬ 
bidity removal when the pH was greater than eight. Calcite particles were found to form 
floes which resulted in a low turbidity filtrate when water was gently stirred. The filtrate 
would have a high turbidity if water was either over or under stirred. 

It is recommended that the optimum stirring strength, duration, pH, temperature, 
and velocity gradient value G of rapid mixing need to be further studied to evaluate 
whether calcite can be used as a coagulant. 
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INTRODUCTION 

The removal of hardness and turbidity are the major processes in many water treat¬ 

ment plants. Hardness in water is caused by the presence of certain divalent metallic 

cations. Ca-^ and Mg++ are the most common cation species. The present practice for their 

removal, on a large scale, includes either the ion exchange or the lime-soda ash process. The 

conventional water softening process utilizes lime (CaO) or hydrated lime (Ca(OH)2) to 

raise the pH of the water. The solubilities of CaC03 ^ and Mg(OH)2 decrease with 

increasing pH, causing their precipitation. If raw water alkalinity is low, soda-ash 

(Na2C03) is added to provide the additional alkalinity necessary for the precipitation of 

CaC03 (s) and Mg(OH)2 (s). 

Alum is commonly used as a coagulant to remove suspended solids and colloidal par¬ 

ticles. Most colloidal particles in water, such as clays, are negatively charged and hence repel 

each other. When alum is added to water, a series of hydrolysis species form and the posi¬ 

tively charged species attach to the colloids and destabilize them, thus enabling the filtra¬ 

tion media to filter the neutralized colloids. 

In both the turbidity and softening process, chemicals are added, hence increasing the 

sludge volume. Sludge disposal has long been a problem for every water treatment plant. If 

the addition of chemicals to the water can be reduced or eliminated, the sludge problem 

will be solved to a certain extent. 

There are two cases where colloids are found in water treatment plants: 

1. Suspended solids present in the raw water. 

2. Formation of calcium carbonate (CaC03 and magnesium hydroxide 

(MgCOH^ (s0 particles during softening process. 
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It would be a significant contribution in the field of water treatment if the removal of 

turbidity and hardness from water at high pH could be complished in a single tank while 

using alum as a coagulant. 

Thompson, Singley, and Black [1] found that when hydrolyzed with lime, magnes¬ 

ium carbonate trihydrate (MgC03*3H20) showed the same effects as alum on turbidity 

and organic color removal from both synthetic and natural waters. Engleson [2] found 

that in the presence of calcium hardness, the turbidity removal was signficantly improved. 

To follow up Engleson s experiment, a series of jar tests were conducted to determine the 

effectiveness of hardness and turbidity removal when using direct filtration at different 

pH’s and alum dosages. 
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METHODOLOGY 

Materials 

Water Samples ' 

Water samples were prepared in a 15 liter plastic container by adding CaCl2 as hard¬ 

ness, NaHC03 as alkalinity and Min-U-Sil-30 as turbidity to distilled water. Both turbidity 

and alkalinity were kept constant throughout the experiments at 25 ±2.5 T.U. and 1.5 

meq/L, respectively. 

Chemicals Dosage 

CaCl2 as hardness: 0, 0.5, 1.0, 2.0, and 3.0 meq/L 

NaHC03 as alkalinity: 1.5 meq/L 

Al2 (S04)3 *14.3 H20 as coagulant: 1.0, 3.0, 8.0, and 15.0 mg/L 

Filter Paper 

Whatman #40 [3] 

Apparatus 

Rapid mixer: Hamilton Beach blender 

Turbidity meter: HACH 2100A turbidimeter 

Microscope: Nikon microscope Model S-K2 II with photomicrographic attachment 

model PFM and VWR micro slide 

Hot plate: Corning PC-35 

Filtration apparatus: Millipore filtration holder 52 mm 

Magnetic stirrer: Sargent Welch Scientific Company 
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pH meter: Beckmen AUTEX 030 pH meter 

Zeta meter: Zeta Meter, Inc. 

Procedures 

In this research, the pH, hardness and alum dosage were varied, while the initial tur¬ 

bidity and alkalinity were kept constant at 25 ±2.5 T.U. and 1.5 meq/L, respectively. Six 

pH values were used. Three of them ranged from pH = 5.5 to pH = 7.5. The other three pH 

values were above 8 where calcite started to form. Five different hardnesses were used: 

zero hardness (0 meq/L) as a blank, soft (0.5 meq/L), slightly hard (1.0 meq/L), and 

moderately hard (2.0 meq/L and 3.0 meq/L). Alum dosages were 1 mg/L, 3 mg/L, 8 mg/L, 

and 15 mg/L. A total of 127 jar tests were conducted. 

Sodium biocarbonate (NaHC03), calcium chloride (CaCl2) and Min-U-Sil were 

mixed with distilled water to the desired concentration in a 15-liter plastic container. The 

water samples used in this research were prepared at least 30 minutes before starting the 

experiment to ensure the water temperature was at room temperature which was about 

25°C. A mixer was used to stir the solution slowly, thus preventing Min-U-Sil from settling 

in the plastic container. To make sure that the chemicals and Min-U-Sil were evenly distrib¬ 

uted in the solution, the mixer was set to rotate in alternate directions at a very highspeed 

just before the water samples were drawn from the container. 

A 500 ml water sample was drawn from the container outlet. A magnetic stirrer was 

used to stir the 500 ml water sample while adjusting the pH. The pH was adjusted to the 

desired value by adding 0.1 N nitric acid or 1.0 N sodium hydroxide. The adjustment period 

was normally 4 minutes. The turbidity was measured at the end of the pH adjustment. The 

water sample was then transferred to a blender. A stock alum solution of 1 mg/ml was 

added, followed by flash mixing in the blender at G = 10,000 sec"1 for about one second. 



After flash mixing, a 60 ml sample was drawn for direct filtration. It took about 10 

seconds to filter the 60 ml water sample through a 50 mm diameter Whatman #40 paper 

filter under 6.9 psi vacuum head. The turbidity of the filtrate was measured. For some 

experiments, the filtrate was further acidified to pH around 7 and its turbidity was also 

measured. All the filtrates were titrated with EDTA to measure the hardness. 

An additional three jar tests were conducted to produce photographs. The following 

steps were included in each jar test: stirring while adjusting pH; adding 7.5 ml alum and 

rapid mixing in a blender; filtering through filter paper; and acidifying the filtrate to pH 

around 7 (the last step was not included in jar 1). At the end of each step, a 0.1 ml sample 

was pipetted to a micro slide and dried on a hot plate at a low temperature to evaporate 

the water. The slides were then placed under a 1000X microscope to take the photos. One 

was taken of a filtered filter paper using a 400X microscope. Three sets of photos were 

taken corresponding to the above mentioned three jar tests after the following steps: 

Jar test 1, photo set 1: hardness = 2.0 meq/L, NaHC03 = 1.5 meq/L, without 
Min-U-Sil 

Figure 26 adjusted pH to 10.3, 1 minute stir 

Figure 27 kept on stirring for 4 minutes 

Figure 28 kept on stirring for 10 minutes 

Figure 29 above solution added, 15 mg/L alum, blender mixing at 
Gt= 10,000 

Figure 30 filtered above solution 

Jar test 2, photo set 2: hardness = 2 meq/L, NaHC03 = 1.5 meq/L, Min-U-Sil = 
25 T.U. 

Figure 31 adjust pH to 10.3, 1 minute stir 

Figure 32 above solution, added 15 mg/L alum, blender mixing, 
final pH = 10.1 

Figure 33 filtered above solution 

Figure 34 acidified above solution to pH = 7 
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Jar test 3, photo set 3: hardness = 2 meq/L, NaHC03 = 1.5 meq/L, Min-U-Sil = 
25 T.U. 

Figure 35 adjust pH to 10.62, 5 minute stir 

Figure 36 above solution, added 15 mg/L alum, blender mixing, 
final pH = 10.1 

Figure 37 filtered above solution 

Figure 38 acidified above solution to pH = 7 

Figure 39 filtered filter paper using a 400X microscope 
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RESULTS AND DISCUSSIONS 

Precipitation of Calcium Carbonate 

The concentration of carbonate ion (C03
=) will change with respect to pH as shown 

in Figure 1 where the carbonate ions predominate for pH > 10.3 and the bicarbonate ions 

predominate for pH between 6.3 and 10.3. Letterman, Tabatabaie and Ames [41 showed 

that the presence of initial bicarbonate ions increase the flocculation efficiency when using 

aluminum sulfate as coagulant at pH around 7. Manning [5], and Cairo and Coyle [6] 

both reported that coagulant dosage was directly proportional to the raw water pH and 

inversely proportional to its total alkalinity (which, based on the pH ranges used in the 

analyses, was mostly bicarbonate ions). All their reports were carried out at the pH range 

that bicarbonate ions predominate. When the pH was raised to where the carbonate ion 

became predominate, calcium carbonate started to precipitate out. 

There are several indexes to predict the precipitation potential, when water has the 

ability to deposit calcium carbonate. These are Langelier Index, Ryznar Index, Aggressive¬ 

ness Index, and Driving Force Index, etc. [7]. The most commonly used index [8] is 

Langeher Index (L.I.)* or Saturation Index (S.I.).* 

L.I. = PHa - PHS 

where 

pHa = actual pH of the water 

pHs = pH of water if it were in equilibrium with CaC03 ^ at the existing solution 
concentrations of HC03“ and Ca+2 

*The Langelier Index is primarily used for the corrosion protection on pipelines. The 
pH in the pipelines is around 7 and, hence, the HC03" predominate. 
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P H 
Figure I pC-pH Diagram For Closed Carbonic System 

CT-I.5XI0'5M 
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or 

pHs pK2 ~pKSp + pfCa^] + p[HC03
-] “loSTHCOa" “^0^^C03- 

The Caldwell-Lawrence diagram can also be used to predict the status of saturation with 

respect to CaC03 ^ if the total dissolved solid concentration in mg/L is known. The 

calculation of free energy of the solution is another method to determine whether a 

solution is in equilibrium with CaC03    

None of these methods deal with the effect of complex ions formation on the solubil¬ 

ity of CaC03 (s)- It is important to realize that the formation of complex ions will increase 

the solubility of CaC03 especially at a high pH where the precipitation of CaC03 ^ is 

anticipated. 

Figures 2 through 5 were plotted for the dissociation constant of carbonate and 

hydroxo complexes at 25°C at the initial calcium ion concentrations of 0.5, 1.0, 2.0, and 

3.0 meq/L, respectively. It is observed that the reported values of constants for these equi¬ 

libria varied widely [9,10]. When CaC03 ^ is in equilibrium with solution, the following 

equations are applicable [7]: 

for CaC03 0 CaC03 (s) ^ CaCO3
0 

K = [CaCO3
0] = \0~5AU = 7.94 X 10"6 MlogK = 5.1 (1) 

for CaHC03
+ H+ + CaC03 (s) - CaHC03

+ 

K = iciS?] = 10~3'26 = '•82x 103 ,0gK = 3-26 

[CaHC03
+] = 1.82 X 103 [H+] (2) 

for CaOH+ CaOH+ ^ Ca+ + OH" 

K = mm-10-1.49 
[CaOH+] 

logK = 1.49 

[CaOH+] 
[Ca++][OH-] 

K 
30.9 [Ca++][OH“] 0) 
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for Ca+ CaC03 (s) ^ Ca++ + C03 = 

Ksp = [Ca++] [C03 = ] = 4.57 X 10~9 pKsp = 8.34 

or 

[Ca 
Ksp 

+2 1 - ^ 

! 0-8.34 4.57 X 10"9 

[C03-] [C03 = ] [C03 = ] 

Equations (1) through (4) must be rewritten if activity coefficients are considered. 

[CaC03° ] = 10'5*1 M = 7.94 X KT6 M 

7H+ 

[CaHC03
+] = 1.82 X 103 X 

[CaOH+] — 30.9 X 7CQ
+2 X 

[Ca+2] = 4.57 X 10"9 

ICaHCOS 

70H- 

7CaOH+ 

1 1 

[H+] 

X [Ca++] [OH-] 

1 

7C03= 
Ca+2 tC°3"] 

where 

(4) 

(5) 

(6) 

(7) 

(8) 

[C03 ] refers to carbonate ion concentration which can be read from the pC-pH dia¬ 

gram (Fig. 1) for the closed carbonic system. 

y refers to the activity coefficient which can be calculated by the DeBye-Hiickel 

limiting law for a ju = 5 X 10"3 

-logrj = 0.5 Zi2 ii'A 

Zi refers to the charge of an ion 

/i refers to the ionic strength that can be estimated by Langelier approximation 

li = 2.5 X IQ"5 X T.D.S. (mg/L) 

Table 1 shows the different activity coefficients fy) with respect to different hard¬ 

nesses used in this research. From the data in Table 1, the concentrations of [CaHC03
+], 

[CaOH+] and [Ca++] can be calculated at specified pH, and the pC-pH diagram of calcium 

species at equilibrium with CaC03 can thus be plotted as in Figures 2 through 5. The pH$ 
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marked on each figure represent the saturated pH. The calcite would start to precipitate 

once the pH of the water is higher than pH$ and higher pH would precipitate more calcite. 

The amount of calcite precipitated could be easily calculated by subtracting the total Ca++ 

concentration (CT Ca++) from the original calcium concentration. These results are plotted 

in Figures 6 through 9. It was found from the figures that the amount of CaC03 

precipitated increased sharply once the pH was higher than the pHs, and started to decrease 

after the pH exceeded 12. This is because the complex ion CaOH+ and ion pair CaCO3
0 

had higher solubihty, and hence redissolved the precipitated CaC03 ^sy 

Table 1. Activity Coefficient with Respect to Different Hardnesses. 

Hardness CaCl2 0.5 meq/L 
= 22.75 mg/L 

1.0 meq/L 
= 55.0 mg/L 

2.0 meq/L 
= 111 mg/L 

3.0 meq/L 
= 166.5 mg/L 

Alkalinity NaHC03 1.5 meq/L 
= 126 mg/L 

1.5 meq/L 
= 126 mg/L 

1.5 meq/L 
= 126 mg/L 

1.5 meq/L 
= 126 mg/L 

T.D.S. (mg/I) 153.75 181.5 237 292.5 

Ionic strength p 3.844X 10"3 4.538X10"3 5.925X 10-3 7.313X10"3 

V2 P/2 0.0620 0.0674 0.0770 0.0855 

7H+’ ^OH-’ 7CaOH+’ 

7CaHC03
+ 0.931 0.925 0.915 0.906 

l'Ca*2>')'C03 = 0.752 0.733 0.702 0.675 

Once the CaC03 ^ particles formed and grew, they would block or scatter the light. 

The amount of light blocked or scattered is assumed to be proportional to the amount of 

CaC03 ^ particles in the water. In other words, the turbidity reading should present the 

concentration of CaC03 ^ formed in the water. To verify this, two water samples con¬ 

taining carbonate hardness were made. Turbidity readings were taken every 0.75 min (45 

sec) and the results are presented in Figures 10 and 11. Both the water samples contained 

3 meq/L of CaCl2 and 1.5 meq/L of NaOH for pH around 10. The only difference was that 

the turbidities in Figure 10 were obtained by measuring water containing no Min-U-Sil 
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while the turbidities in Figure 11 were obtained by subtracting the original Min-U-Sil tur¬ 

bidity from the combined Min-U-Sil and calcite turbidity. Both figures show a first order 

reaction which agreed with Alexander and McClanahan [11]. They found that the kinetics 

of calcium carbonate precipitation in lime-soda ash softening process was first order. 

It was noted during the jar tests that the rate of formation of calcite, i.e., the turbid¬ 

ity, was greatly effected by both the strength of mixing and the duration of mixing. 

Turbidity Removal 

Figures 12 through 16 show the filtrate turbidity at different hardnesses and alum 

dosages. Figures 17 through 21 show the percent turbidity removal at different hardnesses 

and alum dosages. 

Figure 12 is the filtrate turbidity of zero hardness. It is observed that the filtrate tur¬ 

bidity increased with high alum dosage at high pH. It might be due to the formation of 

aluminum hydroxide: 

Al++ + 3 OH' ^ Al(OH)3 (s) 

Ksp = [Al++] [OH-]3 = 1CT33 at 25°C 

The amount of Al(OH)3 ^ precipitated is proportional to the alum added in solution and 

inversely proportioned to the third power of hydroxide concentration. Figure 17 is the 

percent turbidity removal of zero hardness. It also shows poor turbidity removal at high 

alum dosage and high pH. It is not known why the aluminum hydroxide formed at high pH 

did not sweep the colloids and thereby decrease the turbidity. 

The numbers shown on Figures 13 through 16 and Figures 18 through 25 are the 

combined turbidity (i.e., the Min-U-Sil turbidity plus the turbidity caused by the calcite 

particles which formed at high pH), while numbers in parentheses are the percent hardness 

removed. The dotted line at turbidity of 2.5 T.U. is a reference line. This shows that the 
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3 4 5 6 7 8 9 10 I! 12 

P H 

Figure 12 Filtrate Turbidity of Zero Hardness 
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P H 

Figure 13 Filtrate Turbidity at Different Hardness 
Alum = 1.0 mg/L 



HARDNESS 

= 0.5meq/L 

HARDNESS 
=1.0 meq/L 

HARDNESS 
=2.0 meq/L 

HARDNESS 
= 3.0 meq/L 

Figure 14 
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P H 

Filtrate Turbidity at Different Hardness 

Alum =3.0 mg/L 



HARDNESS 
= 0.5meq/L 

HARDNESS 
= 1.0 meq/L 

HARDNESS 
=2.0 meq/L 

HARDNESS 
= 3.0 meq/L 

Figure 

21 

P H 

Filtrate Turbidity at Different Hardness 

Alum =8.0 mg/L 



HARDNESS 

= 0.5meq/L 

HARDNESS 
= 1.0 meq/L 

HARDNESS 
=2.0 meq/L 

HARDNESS 

= 3.0 meq/L 

22 

P H 

Filtrate Turbidity 
Alum = 15 mg/L 

Figure 16 at Different Hardness 
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3 4 5 6 7 8 9 10 II 12 

P H 

Figure 17 Percent Turbidity Removal at Zero Hardness 



HARDNESS 
= 0.5meq/L 

HARDNESS 
=1.0 meq/L 

HARDNESS 
= 2.0 meq/L 

HARDNESS 

=3.0 meq/L 

Figure 18 
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3 4 5 6 7 8 9 10 II 12 

P H 

Percent Turbidity Removal at Different 
Hardness, Alum =1.0 mg/L 
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3 4 5 6 7 8 9 10 II 12 

P H 

Figure 19 Percent Turbidity Removal at Different Hardnesses 

Alum = 3.0 mg/ L 
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Figure 20 Percent Turbidity Removal at Different Hardnesses 
Alum =8.0 mg/L 
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Figure 21 Percent Turbidity Removal at Different Hardnesses 

Alum = I 5 mg/L 
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turbidities of the filtrate containing hardness were less than the turbidities of filtrate with¬ 

out hardness when pH is less then 8. When pH was higher than 8 the results are not so 

clear. The dotted line of 90 percent turbidity removal is also a a reference line which, too, 

shows that the existence of hardness helps the hardness removal efficiency at pH less than 

8. However, the results are scattered when the pH is higher than 8. 

When the results from Figures 12 through 21 were carefully examined, it was found 

that only two cases caused poor turbidity removal: 

1* ^len the combined turbidity and percent hardness removal were about 30 

(i.e., combined turbidity = 30 T.U., hardness removal = 30%). 

2. The combined turbidity were higher than about 80 T.U. 

For all other cases, the turbidities of the filtrate were low. These cases are: 

1. lower combined turbidity, lower hardness removal 

2. higher combined turbidity, higher hardness removal 

3. higher combined turbidity, lower hardness removal 

Up to now, the turbidity measured in the filtrate contained calcite particles. In a 

water treatment plant, water would be acidified to pH around 7 before being sent to the 

consumers. Hence the calcite particles which remained in the filtrate would be dissolved. 

Another set of jar tests was conducted to verify this. The results are plotted in Figures 22 

through 25. It is clear that the presence of hardness effects the turbidity removal at any 

pH, especially at high pH. It is believed that at the beginning of the formation of CaCO, , , 
J (s)’ 

the calcite colloids are so small that they would not scatter the light in the turbidity meter 

or be captured by the filter paper, hence these particles would not be measured in the tur¬ 

bidity. When the calcite crystals started to grow to the size of the Min-U-Sil particle, the 

combined turbidity increased. That meant the same filter paper had to filtrate out more 

particles, which would result in a high turbidity filtrate. If the water was kept mixing, the 

calcite particles agglomated and some of them were retained on the filter fiber. The filter 
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Figure 22 Filtrate Turbidity 

ALUM <I .0 mg/L 
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ALUM * 3.0 ng/l 

after Acidified 

Alum =1.0 and 3.0 mg/L , Hardness = 2.0 and 3.0 meq/L 
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Figure 23 Filtrate Turbidity after Acidified 

Alum=8.0 and 15.0 mg/L, Hardness = 2.0 and 3.0 mg/L 
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Figure 25 Percent Removal offer Acidified 

Alum = 8.0 and 15.0 mg/L, Hardness =2.0 and 3.0 meq/L 
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pores would eventually be reduced in size and act like a finer filter paper which would 

result in a low turbidity filtrate. If the calcite mass accumulated on the top of filter paper 

like a cake while the suction head applied to the water remained the same, the water would 

be forced to flow through even smaller filter pores. This caused the flushing of the Min-U- 

Sil and calcite particles which had been retained by the filter, resulting in a high turbidity 

filtrate. Unlike the Min-U-Sil, which were all negatively charged as shown on Table 2, the 

calcite particles might carry positive, negative or zero charge. In the same water of the 

same pH, the various charged calcite particles may link together via electrostatic forces, 

which would not happen to the negatively charged Min-U-Sil particles. 

Table 2. Zeta Potentials. 

pH 
4 5 6 7 8 9 10 11 12 

Min-U-Sil -38 -53 -80 -64 -65 -56 -65 -85 -126 

Calcite (after 4 min. 
mixing) 

— 
— — — — -39 +12.2 various 

or charge 
-22 

— 

Min-U-Sil plus calcite 
after 4 min. mixing — — — — — -33.5 -38 -38   

Filter paper fiber dissolved 
in distilled water -45 at pH = 6.72 

Precipitation has generally been observed to occur in three steps: (1) nucleation; (2) 

crystal growth; and (3) agglomeration and ripening of the solids [12]. The stirring of the 

magnetic rod either increased the collisions between calcite particles or increased the 

CaC03 molecule diffusion rate. Eventually calcite will deposit onto the crystal, hence, the 

crystal grows. Figures 26 through 28 show the progress of the growth of the calcite precipi¬ 

tate. Linkage of calcite particles due to electrostatic forces can be viewed in Figures 27 

and 28. The bonding force was not strong enough to resist the violent agitation of the 

blender mixing. Figure 29 shows that the floes size reduced with the addition of alum and 
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Figure 26 Photo o f Colcite 
I min. Stir 

Figure 27 Photo of Colcite 
4 min. Stir 

Figure 28 Photo of Colcite 

10 min. Stir 

Fig 29 Photo of 10 min. 

Stirred Solution ofter Rapid Mix 
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blender mixing. Figure 31 shows no linkage of calcite particles at the end of one minute of 

stirring while Figure 32 shows that the clay particles (Min-U-Sil 30) do stay agglomerated. 

Since the blender mixed the solution for only about one second, the predominate coagula¬ 

tion mechanism must be the adsorption of the soluble aluminum hydrolysis species on the 

clay particles and their subsequent destabilization. This enables these neutralized particles 

to stick together. Figure 35 shows that the calcite floes formed after five minutes of 

stirring were destroyed to some degree after blender mixing. Figure 36 shows that some of 

the calcite particles attached to clay particles and dissolved after the filtrate was acidified 

to pH around 7 as shown in Figure 38. 

Those particles which are positively charged would easily be attracted by the nega¬ 

tively charged filter fiber. Interception, diffusion or sedimentation are the mechanisms of 

filtration for negative and zero charged particles. Figure 39 shows that particles smaller 

than the filter pore sizes were filtered by the filter fiber. 
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Figure 30 Photo of Filtrate after Figure 31 Photo of Calcite with 
Rapid Mix for 10 min. Stirred Clay, I min. Stir 
Solution 

Figure 32 Photo of I min. Stirred 
Solution , after Rapid Mix 

Figure 33 Photo of Filtrate of 
Solution from Figure 32 



37 

Figure 34 Photo of Acidified Filtrate Figure 35 Photo of Calcite 

from Figure 33 with Clay, 5 min. Stir 

Figure 36 Photo of 5 min. Stirred Figure 37 Photo of Filtrate 
Solution after Rapid Mix of Solution from Figure 36 
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Figure 38 Photo of Acidified Figure 39 Photo of Filtered 
Filtrate from Figure 37 Filter Paper 
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CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

Charge neutralization is the most important step in direct filtration. In a typical water 

treatment plant, alum is added and positively charged aluminum hydrolysis species such as 

Al++, Al(OH)2
+ and Al8 (OH)^ form within 1 second. They are readily absorbed onto the 

negatively charged colloids at a pH around 7. In this research, it was found that calcite par¬ 

ticles also possess the same characteristic as aluminum hydrolysis species. The effectiveness 

of calcite particles to act as a coagulant was not investigated. Furthermore, the ability of 

forming floes when calcite particles were stirred gently for at least five minutes indicated 

that they might also act as a flocculant in a slow mixing tank in a conventional water treat¬ 

ment plant. 

From the results of the limited experiments conducted for this research, the following 

conclusions were drawn: 

1. The existence of hardness at pH less than 8 has little effect on the turbidity 

removal efficiency. 

2. When pH is higher than 8, the turbidity removal efficiency depends on the amount 

of calcite particles formed, the strength and duration of stirring. 

3. To ensure that calcite floes form, gentle stirring at pH greater than pHs before 

rapid mix is necessary. This increases both turbidity and hardness removal effi¬ 

ciency. 

4. Due to the clogging of filter paper, over or under stirring at high pH results in a 

high turbidity filtrate. 
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Recommendations 

There are many parameters that affect whether the calcite particles will be positively, 

negatively or zero charged. However, they always seem to be able to link together to form 

floes. Further studies are necessary to find out whether these characteristics can be used as 

a substitute for alum in order to reduce the sludge volume and also to improve the dehy- 
\ 

dration characteristics associated with sludge containing alum. 

The following aspects need to be further studied: 

1. To find the optimum stirring strength and duration so that calcite particles will be 

positive charged. 

2. To determine the absorption ability of calcite particles onto the negatively charged 

particles, which would result in a low turoidity filtrate. 

3. To compare the settling characteristics of calcite and alum in order to determine 

whether polymers are needed when calcite is used as a coagulant. 

4. To find the optimum velocity gradient value G for rapid mixing. 

5. To determine the effects of temperature and pH when calcite is used as a coagu¬ 

lant. 

6. To determine whether the presence of magnesium ions (Mg++) will affect the 

results. 
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