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ABSTRACT 

A nap showing concentration iron in ground waters 

throughout Thailand has been developed from available data. 

It was found that the problem of iron in ground water 

existed mainly in the Northeastern part of the country. 

Ferrous sulphate (FeSO^.Tt^O) was added to natural ground 

water taken from an artesian well near Bangkok for 

experimental studies in the laboratory. Preliminary 

investigations v:ere carried out using jar tests to determine 

optimum pH and optimum dose of coagulant aid required for 

effective iron removal before actual experiments with a 

laboratory - scale iron removal unit were made. Sodium 

hydroxide (NaOH) was i-sed for pH adjustment and the coagulant 

aids used were polyelectrolytes of anionic, cationic and 

nonionic polymers. 

A laboratory - scale unit was designed, based on the 

upflow solids - contact clarification process, with total 

detention time of 3 hours. The results obtained indicated 

that short-circuiting of upflow through the sludge blanket 

caused floe to be carried over the effluent overflow weir. 

Use of anionic and nonionic polyelectrolytes resulted in 

larger and heavier floe formation with less carry-over at 

the effluent overflow weir and hence improved the efficiency 

of the unit. 
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I - INTRODUCTION 

General Introduction 

Provision of adequate clean water supplies for domestic 

purposes has long been a critical problem for people in areas 

located far from permanent streams or surface water sources. 

The problem is particularly acute during the prolonged dry 

months of the summer season, during which time temporary 

surface water sources such as ponds become dry. With in­

adequate water for domestic needs, health condition may be­

come serious, domestic animals weaken and in some instance 

families and livestock have been forced temporarily to other 

localities where water is available. Ground water in this 

case becomes of great importance as a valuable resource to 

furnish a supply of water. 

Iron is one of the common contaminants as> Dciated with 

ground water. In rural areas ground water supplies serving 

villages, shcools, hospitals, and health centers often 

contain so much iron- that they must be treated for iron re­

moval. Yet in many cases the economy of rural areas is 

insufficient to support the high capital and operating costs 

of presently known iron removal plants incorporating sand 

filtration. Therefore the people often prefer to use polluted 

surface waters to untreated iron-bearing ground waters. There 

is a need to develop low cost methods of removing iron from 

ground waters used to serve small areas or groups of people. 
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Iron Problem in Thailand Ground Waters 

In 1954, the Thailand Ground Water Exploration Project 

was implemented to evaluate the ground water potential and 

obtain essential information required for the orderly 

development of ground water supplies for domestic, municipal, 

stock, industrial and irrigation users in the northeastern 

part of the country. This area, commonly known as the "Khorat 

Plateau" comprises over 65,000 square miles, 33% of the total 

area of Thailand. The region contains 34% of Thailand 

population and is affected at least locally by droughts each 

year. 

Although the wells in the northeastern area of Thailand 

produce safe water for domestic supplies, many of the waters 

contains excessive amounts of minerals. The ground water 

supplies are often not used even during water shortages 

because of the presence of high concentrations of soluble 

ferrous iron, which is colorless when first taken from the 

wells, but which turns to the reddish colored insoluble ferric 

state on exposure to air. Data showing iron concentration 

in water supplies in various regions of northeastern Thailand 

are shown in Appendix B. It can be seen that the iron 

concentrations vary from trace amounts to as high as 36.0 

mg/1. In other parts of the country, concentrations of iron 

in ground water have been reported by the Department of Public 

and Municipal Works to be somewhat less than those in the 

Northeast, but in many cases they are found to be in excess 
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of the upper limits recommended in the 1962 USPHS Drinking 

Water Standards and the International Drinking Water Standards. 

According to the 1962 USPHS Drinking Water Standards, 

reported in AMERICAN WATER WORKS ASSOCIATION (1961), the 

recommended limit for iron in public water supplies is 0.3 

mg/1. The International Drinking Water Standards of the 

WORLD HEALTH ORGANIZATION (1963) also contains the 

recommendation that the permissible limit of iron for potable 

vater should be 0.3 mg/1, and a concentration of 1 mg/1 is 

reported to be excessive. These limits are not based on any 

physiological consideration. Iron is, in fact, an essential 

mineral for proper nutrition. Limitation of the concentration 

of iron in water supplies is mainly due to its staining effects 

to the contacted materials, and supporting the growth of iron 

bacteria resulted in taste and odor to consumers. 

Most of the ground waters in the rural areas of the 

country are used without treatment after pumping. Only those 

wells which produce acceptable quality of water are fitted 

with hand pumps or power pumps with elevated reservoirs. In 

cases wh re iron-free water sources are not available in some 

localities, the pumped iron bearing water from wells is held 

in a reservoirs for a sufficient time for the soluble ferrous 

iron to become naturally oxidized by the atmosphere to an 

insoluble iron. This is then settled out before passing on 

to the consumers. Works are now underway to design a simple 

aerator and filter system for iron removal in Northeastern 
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Thailand water supplies by both the Department of Mineral 

Resources and the Department of Health. 

It was one of the purposes of this study to delineate 

the iron problem present in ground waters of Thailand through 

the preparation of a map showing iron concentration in the 

various areas. This map, shown in Fig.l and accompanying data 

shown in Table 1, were based on available data from both the 

Division of Ground water, Department of Mineral Resource, 

Ministry of National Development and the Department of Public 

and Municipal Works, Ministry of Interior. In some areas in 

the North and in the South of Thailand there is no data 

available on the iron concentrations in the ground waters. 

It can be seen from Fig.l and Table 1 that although iron 

is present in the ground waters in many parts of Thailand, 

the most serious conditions are observed in the Northeast. 

Of the 15 Northeastern provinces only three have wells with 

iron concentrations as low as in the range of 2.1 tng/1 to 

4.0 mg/1. The other provinces were found to be over 4.0 

rog/1 up to as high as 36 mg/1 iron concentration. According 

to the records of chemical analyses of ground water reported 

by the DEPARTMENT OF MINERAL RESOURCES (1966), it was found 

that most of the ground waters in Northeastern Thailand are 

devoid of dissolved oxygen. Carbon dioxide which is often 

associated with iron-bearing waters, was found to range from 

zero in some wells to as high as 366 mg/1 in a well in Surin 

Province (Well No. A-ll, S-10). High iron content is also 
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Legend of Fig. 1 

1 Chainat 

2 Sing-buri 

3 Lopburi 

4 Saraburi 

5 Aug-thong 

6 Authya 

7 Nonthaburi 

8 Pathum-thani 

9 Thonburi 

10 Bangkok 

11 Nakhomayok 

12 Prachihburi 

13 Samutprakan 

14 Cha-Choengsao 

15 Cholburi 

1$ Rayong 

17 Chanthaburi 

18 Trat 

19 Chayaphum 

20 Nakhornratsima 

21 Buri-ram 

22 Surin 

23 Srisaket 

24 Ubonrat-Thani 

25 Nong-Khai 

26 Loei 

27 Udron-Thani 

28 Sakonnakhon 

29 Nakhorn Phanon 

30 Khon-Kaen 

31 Maha Sarakham 

32 Kalasin 

33 Roi-Et 

34 Mae-Hongson 

35 Chiengmai 

36 Chieng Rai 

37 Lamphun 

38 Latnpang 

39 Prae 

40 Nan 

41 Uttaradit 

42 Tak 

43 Sukho-Thai 

44 Phitsnuloke 

45 Kamphaengphet 

46 Pichit 

47 Phetchbun 

48 Nakhorn Sawan 

49 Uthai-Thani 

50 Kachana-buri 

51 Suphanburi 

52 Ratburi 

53 Nakhonpatom 

54 Sarautsongkhram 

55 Samutsakhorn 

56 Phetburi 

57 Prachaup-Kairi-Khan 

58 Chumphorn 

59 Ranong 

60 Phang-Nga 

61 Surat-Thani 

62 Nakhornsri-Thamrat 

63 Phuket 

64 Krabi 

65 Trang 

66 Phatalung 

67 Satun 

68 Song-Khla 

69 Pattani 

70 Yala 

71 Nara-Thiwat 
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Province Well depth ft. 

Range ' Average 

Total Fe ppm 

I 
Rangt j Average 

North-east 

Loei 

Udorn ^ 

Nongkhai 

Chaiyapoom 

Khonkhaen 

Nkornpanora 

S akornnakorn 

Kalasin 

Roi-ed 

Mahasarakam 

Surin 

Buriram 

Srisaket 

Ubol 

Nakornras ima 

South 

j Prachaupkni 
j - r ikhan 
j Songkhla 

Chumporn 

S u r a t - t h a n i 

f Nakornsr i 
J-thamraj 

; 100-191 
I 
| 100-515 
i 
| 100-480 
i 
I 100-1004 
i 

j 90-331 

! 65-845 

70-1045 

90-526 

! 90-300 
j 

80-500 

67-1050 

| 94-1015 

100-356 

60-1010 

55-1500 

f14Q-750 
i 

I 
' 50-240 

133 

224 

139 

270 

198 

158 

233 

151 

161 

219 

329 

275 

179 

246 

337 

420 

194 

1.5-36.0 

0 .0 -23 .0 

0 .0 -21 .0 

2 .0 -10 .0 

0 .0 -17 .0 

0 .0 -28 .0 

0 .0 -23 .0 

1 .2-41.0 

1 .0-7.0 

0 .02-20 .0 

(0 .6 -15 .0 

12.5-16.0 

JO.5-14.0 
i 
' 0 . 0 - 1 4 . 0 

0.0-24.0 

0 . 0 - 1 . 0 

1.9-90.0 

14.3 

10.4 

6.5 

3.9 

5.4 

9 .8 

5.0 

11.3 

3 .9 

8 .1 

6.7 

6.0 

6.4 

4 . 0 

4 . 1 

0.4 

22.3 
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! 
Province , 

, 1 
f I 
| Pattalung 1 
I i 
! . i 
Trang ! 

1 

Puket i 
> t 
1 i 1 1 
j North 1 

j Chiengmai I 

j Lamphun ; 

! 
! Prae 
i • 

i Uttaradit 

Petchaboon 

:Sukhothai 

i 

iPitsanuloke 

! 
iKamphaeng Phe 
!Tak 

!Chiengrai 

;Lampang 

•Nan 

:Mae-Hongs on 

ICentral 
1 

fNakonsawan 
1 

i 
jPichit 
i 

jchainat 

:Lopburi 

Saraburi 

I 

Well 

Range 

-

-

-

152-330 

135-345 

246-400 

50-250 

152-350 

60-260 

185-270 

t -

_ 

-' 

— 

131-287 

150-310 

35-231 

66-320 

100-258 
i 

depth ft. 
; I 

; Average ! 

I ! 
j 
1 
i 
i 

I 

1 

i 

; 

! 216 
i 

133 

1 
• 335 
i 
j 138 

| 186 

146 

j 219 
1 
i 

i 

i — 

i 

-

-

; 218 

| 225 
1 

j 120 

i 

j 189 

! 159 

Total Fe 
_ i 
Range ; 

— 1 

} 
i 

1.0-4.8 

212-120.0 

0.1-2.3 

2.0-25.0 

0.6-21.0 

0.6-3.3 

1.8-5.8 

j 

-

-

i 
i i 
! 
i 

i 

j 0.2-6.5 

| 0.8-2.3 

j 0.4-7.0 
1 

j 0.0-80.0 

! 0.0-42.0 
i 
j 
i — -»- - . — • 

1 

mg/1 -} 
i 

Average ' 

1 
i 
1 

-

; 

2.8 

47.0 

0.8 

8.0 

8.0 

1.9 

4.7 

-

-

-

I 

-

-

i 
j 
! 5.0 
t 1 " 
i 
•' 2 7 
1 

! 30.0 

1 

i 5-9 
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! 
i Province 
1 
i 1 
! 
Singhburi 

i 

! Supanburi 

\ 
; Ayudhaya 

Pratumthani 

Nontaburi 

: Bangkok 

! Thonburi 
1 i 

i Samutprakan 
i 
i 

Samutsalcorn 
I 1 
i Angthong 
1 
j Rachaburi 

Petchaburi 

j Nakornpatom 

j Kanchanaburi 

Utai-thani 

Samitsongkam 

East 

Cha-Choengsao 

Rayong 

Cholburl 

Prachinburi 

Chantaburi 

Nakonnayok 

Trat 

Well depth ft. 

Range ! 
! 

170-354 | 
i 

144-187 

167-365 
1 

248-364 

,565-720 

400-713 ! 

481-670 

403-903 

355-542 

112-174 

130-660 
! 
,200-850 

'302-645 

113-215 

-

-

• 

295-580 
: 

45-84 

141-160 

80-215 

74-75 

80-320 

-

Average 

225 

165 

245 

293 

596 

590 

559 

689 

472 

143 

305 

562 

401 

165 

-

-

438 

66 

145 

135 

74 

152 

, " 

i 

Total ] 

Range 

0.2-1.0 

1.4-5.0 

O.lrl.O 

0.2-0.8 

1.0-2.1 

0.1-1.3 

0.1-4.8 

0.5-11.0 

0.1-1.6 

0.1-0.2 

0.2-1.8 

0.3-17.0 

0.1-0.7 

0.2-2.8 

" 

™ 

1.8-3.8 

0.8-3.3 

0.3-2.4 

0.0-7.0 

0,8-U2 

1.0-9.0 

-

re mg/1 

Average 

0.3 
i 

3.8 | 

0.4 

0.5 

1-5 

0.8 

1.0 

5.2 

1.0 

0.2 

1.0 

5.0 

0.3 

1.5 

-

i 

2.8 

2.0 

1.3 

2.2 

1.0 

5.5 

_ 

Note: See APPENDIX B for additional data on individual wells, 
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comraonly associated with a high poncentration of hardness, 

and some wells in Northeastern Thailand exhibited total 

hardness, more than 1,000 mg/1 expressed as CaC03. 

Manganese was reported to be relatively low compated with 

iron and other constituents. The major constituents which 

were found in high concentrations in the ground waters in 

this area were Ca44", Mg"14", K+, Fe*4", HCX>3", S04
=, Cl" and PO4 

HAYJORTH, NA CHIENGMAI and PHIAN CHAREON (1966) reported 

in their ground water resources development study of Northern 

Thailand that the concentration of iron in water of sand stone 

aquifers was slightly lower than in shale and siltstone 

aquifers. The concentration of iron in water from limestone 

was moderately high, because the most important source is 

iron pyrites (Fe So) which is easily attacked and dissolved 

by water containing carbon dioxide. 

In the central part of the country, higher iron concen­

tration in ground water appears to be not as common as in the 

Northeast. Most of the deeper wells produce a more acceptable 

quality of ground water than the shallow ones. 

Purposes of the Study 

The primary objective of this study was to obtain 

information which could be used to improve the present costly 

process of iron removal. It included also a study of the 

fundamental factors that govern oxidation of soluble ferrous 

iron to the insoluble ferric form so that ferric precipitates 

could be removed by sedimentation. The main purpose of the 
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study was to develop, on a laboratory - scale, a unit com­

bining the oxidation, flocculation and upflow solids contact 

clarification processes into one with sufficient efficiency 

in order to avoid the necessity of using rapid sand filters, 

commonly employed in conventional iron removal processes. 

Such a unit can be operated by untrained personnel in rural 

area"; where fundr: nxe~ limited. 

» 

Scope of the Study 

Ground water from an artesian well located near Bangkok 

with characteristics similar to most of the ground waters in 

the r-ortheastern part of Thailand was selected as the raw 

water for the study. Because of relatively low iron content 

in the ground water from this well, ferrous sulfate -

(Fe SO/.7H9O) was added to produce ground water of high iron 

concentration similar to that commonly found in the north­

eastern part of the country. 

The study was carried out in the laboratory in two 

major steps: 

Preliminary Investigations Preliminary investigations 

were first made to determine an optimum pH for iron removal. 

Jar tests were carried out with water having pH values of 

7.0,7.5,8.0,8.5,9.0 and 9.5. Adjustment of pH was made by 

the addition of NaOH. The optimum pH value so obtained was 

then employed in the laboratory-scale iron removal unit, 

and it was found that the iron floes were light and gelatinous 
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in form, resulting in a large number of floes being carried 

over to the effluent overflow weir. 

In order to improve the iron floe formation in 

the upflow solids contact clarification employed in the 

laboratory-scale iron removal unit, coagulant aids were used. 

The coagulant aids used vere organic, high molecular weight 

polyelectrolytes (also called "flocculant" by MINZ, 1964) 

of cationic, anionic and nonionic characters taken from 

various manufacturers, namely, nonionic PURIFLOC N-ll and 

N-17 and anionic PURIFLOC A-22 from the Dow Chemical, U.S.A., 

cationic Nalco-600 and Nalcolyte-605 from the Nalco Chemicali 

Company U.S.A. and tannin-based FLOCCOTAN from the Forestal 

Industries (U.K.) Ltd. The dosing range of each coagulant 

aid was strictly in accordance with the manufacturer's 

recommendations. The optimum dose of the coagulant aids was 

first determined at pH 8.3 The optimum pH for the optimum 

dose of each coagulant aid was again determined at the 

original pH of the raw water for the jar test experiments. 

Another study on coagulant aid was made with Bangkok 

clay. The clay was added to the ground water to prepare 

a series of solutions with turbidity values of 25,50,75,100 

and 125 units. A Jackson candle turbidimeter was used for 

measurement of turbidity. The prepared series of grormd 

waters was then supplemented with 50 mg/1 FeSO^.TI^O. 

Determination of the turbidity and the residual iron in 

the decanted supernatant after 2-hour settling period was 
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then carried out. This test was repeated using 25 mg/1 

FeS04.7H20. 

Experimental Investigations Experiments with the 

laboratory-scale iron removal unit were carried out at the 

optimum pH and with the optimum dose determined during 

preliminary investigations described above. The first run 

was operated with the pH value in the flocculation chamber 

controlled within the range of 8.0 to 8.7, without coagulant 

aid. In the second run, the" water was dosed with 5,0 mg/1 

anionic FL0CC0TAK; the third run with 2.0 mg/1 cationic 

Nalco-600 and the fourth run with 2.0 mg/1 nonionic 

PURIFLOC N-ll. During the experiments with the laboratory-

scale iron removal unit, the total flow rate of the raw 

water, NaOH and coagulant aid solution of each run was 

controlled at about 54 ml/min in order to get 3-hour deten­

tion time in the unit. 
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II - LITERATURE REVIEW 

LONGLEY, ENGELBRECHT and MARGRAVE (1962) designed a pilot 

plant for both laboratory and field experiments to study the 

fundamental factors that govern the removal of iron by oxy­

genation, sedimentation with flocculation, and plain sedi­

mentation. Their pilot plant also included a rapid sand filter. 

Oxygenation was accomplished by using a multiple-pass aerator 

with diffused air. It was found that the dissolved oxygen of 

the effluent could be brought up to 6.36 _ 0.8 mg/1. The 

reaction basin had the combined purpose of providing time 

for completing the chemical reaction and for flocculation 

and sedimentation. It had a 1.5-hour detention time at a 

flow rate of 0.12 gpm. The rapid sand filter consisted of a 

30-inch depth of sand with a design loading of 2 gpm/sq.ft. 

The filter medium was screened, sharp grained sand, having 

an effective grain size of 0.45 mm and a uniformity coefficient 

of 1.4. The results of this investigation using an essentially 

standard water treatment process can be summarized as follows: 

1. The ranges of iron removed by each unit process of 

the pilot plant, based on the amount of iron applied to that 

unit were: 

Process Removal - % 

Aeration 0.1 - 44 

Reaction Basin 0 - 1 3 

Filtration 96 - 100 

2. It was found that the following had no effect on 
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overall iron removal efficiency: 

Substances Amount , mg/1 

Chlorides 0 - 6 0 

Sulfates 0-75 

Total nitrogen 0 - 1 6 

Total hardness 427 

and Chemical Oxygen Demand 0-65.2 

3. Alkalinity values greater than 400 mg/1 and in 

excess of the hardness present favored more rapid oxidation 

of iron. 

L0NGLEY and others (1962) also made an investigation 

into the role of filtration in iron removal. It was found 

that there was often a depletion in dissolved oxygen in the 

water as it was filtered. This resulted in a high iron 

content, usually in the ferrous form, in the finished water. 

It appeared that the bacterial growth which developed in the 

filter and the amount of iron passing through the filter 

increased with time of filtration following each backwash 

cycle. The depletion of dissolved oxygen as a result of 

bacterial growth led to the development of a reducing en-

viornment and was accompanied by a slow decrease in the 

oxidation - reduction potential within the filter as fil­

tration proceeded. 

GHOSH, 0C0NN0R, and ENGELBRECHT (1966) studied factors 

that govern the kinetics of iron precipitation in natural 

ground waters in order to find a more rational approach to 
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the engineering design of reaction basins in iron removal plants. 

Investigations were conducted at eight water treatment plants in 

central Illinois. An 8-liters sample of ground water was aerated 

for 2 minutes to raise the dissolved concentration to 6 mg/l or 

more. Laboratory studies indicated that the rate of iron pre­

cipitation was unaffected by dissolved oxygen if its concentration 

exceeded 5 mg/1. A plot of the log of the ferrous iron concen­

tration in solution versus reactive time was found to be linear, 

indicating that the precipitation of ferrous iron from solution 

was governed by a first order reaction with respect to ferrous 

iron concentration. The relationships between the ferrous iron 

remaining in solution and the time following aeration are shown 

in Fig.2. As the water samples were drawn from different sources 

with varying pH values, it was difficult to draw any definite 

conclusion from the curves alone. 

On the other hand, if the experimental results were 

rearranged and a plot of equilibrium pH versus the rate of 

precipitation, as half life, T%, for the Illinois ground water 

studied as - shown in Fig. 3 was made, a somewhat remote relation­

ship between pH and rate of precipitation was indicated, showing 

precipitation occurring more rapidly at higher pH levels. 

Conversely, a comparison of alkalinity and precipitation rate 

indicated that higher alkalinities were associated with shorter 

half life or more rapid precipitation rates. 
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Th e dependency of iron precipitation on alkalinity was 

shown to have the form : 

Ti> (m£n) = 522-- 0.33xl014(OH)- 183.log (alkalinity)•*.8.10 (1) 

This empirical expression was derived from data on water 

having equilibrium pH values ranging from 7.5 to 7.8 and 

alkalinities in the range of 355 - 610 mg/1 as CaCO-j, A 

conclusion that may be drawn from the large alkalinity depen­

dency of the precipitation rate is that the precipitates 

formed were primarily carbonates rather than hydroxides, and 

a large part of the iron precipitated from Illinois ground 

waters was in the ferrous, rather than ferric form. 

STUMM and LEE (1961) studied the reaction between 

ferrous iron and oxygen and found that the rate of oxygenation 

was a function of ferrous iron concentration and the partial 

pressure of oxygen (PQ^)* a s indicated by Eq. 2. 

- d(Fe^) = K1 (Fe44") PQ (2) 

dt z 

In their study of the effect of pH on the rate of 

oxidation of ferrous iron, their data indicated a 100 - fold 

increase in the rate with an increase of one pH unit. Because 

of this second order relationship with respect to hydroxyl 

ion concentration, the overall rate was expressed as : 

" d(Fe'H') = K(Fe++) P (0H~) (3) 
dt 

where ^ « K 
(0H-)2 

K* = K o 

P02 
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Ko = -dln(Fe'H') 
dt 

and Ko = logarithm of the rate constant 

Another study was made by the same authors (1961) on 

catalytic effects in iron oxidation. They found that metal ions 

of Cu , Mn and Co as well as anions like ̂ PO* , in 

i t i M 

addition to OH", formed complexes such as Fe (^PO,^ and were 

capable of hastening the oxygenation reaction. Fig.4 shows the 

effect which trace quantities of some chemical catalysts exhibited 

in accelerating the oxidation reaction. 

BABCOCK (1950) studied the efficiency of the Spaulding • 

Precipitator, in which, a sludge blanket was suspended in the 

tank by the velocity of the influent and acted as filter and 

catalytic surface for the removal of iron and manganese from the 

water. He reported that the use of the precipitator caused 

removal of approximately 95% of iron and manganese, if a pH value 

within the range 8.5 to 9.1 was maintained during operation. 

The chemicals '.used were alum and lime. No coagulant aid was employed. 

BENSON (1965) developed a simple method to remove gross 

quantities of iron in remote Alaskan water supplies. He used a 

fill - and - draw treatment tank with slaked lime, Ca(OH)-, as 

the chemical to adjust the pH and precipitate the iron, followed 

by decantation and disinfection of the treated water by chlorination. 

In the case of ground water with high carbon dioxide, aeration, 

using a small gasoline - powered compressor to diffuse air into 

the treatment tank, was carried out prior to chemical treatment. 
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ConcentratioiB of iron, manganese, hardness and alkalinity were 

greatly decreased, but the pH of the effluent was as high as 10.8. 

WILLEY and JENNINGS (1963) discussed the use of potassium 

permanganate (KMnO^) to oxidize ferrous iron to insoluble ferric 

precipitate. They suggested that dissolved iron and manganese 

can be effectively removed from wate r by continuous feeding of 

potassium permanganate to water before it is passed through a 

manganese green sand filter. This method has been known as a 

continuously-regenerating process. The quantity of potassium 

permanganate required can be determined by running a permanganate 

demand test on the water to be treated. The reactions involved 

are: 

3Fe(HC03)2 + KMn04 + 7H20 -» Mn02 + 3Fe(0H)3 + KHC0 + 5H CO (4) 

Theoretically, one part of potassium permanganate (KMnO,) 

will oxidize 1.06 parts of soluble ferrous iron to insoluble ferric 

iron. In practice, it was found that a less amount of potassium 

permanganate was required due to the secondary reaction of the 

MnG2 formed, according to the following equation: 

2 Fe"^ + 2Mn02 + 5H 0 •+ 2Fe(0H) + Mn20 + 4H+ (5) 

They also developed a permanganate demand curve for oxidation 

of ferrous iron as shown in Fig.5. This curve shows the 

permanganate concentration required to oxidize ferrous iron 

completely in the given concentrations. 



- 2 2 -

1 , • ; i r < ' • • ! ( -

2.0 « * / i . 

0 i*f/| Ccorrtrol) 

* 5 4 5 JO 

Time, min. 

Fig. 6-Effect of Anionic Flocculant 

otter COHEN and Others (IS58) 

T 1 1 1 I—'f—3 

t » 4 » ' 30 

Time, min. 

Fig. 7 - Effect of Cotionic FlocculaM 

after COHEN and Others (1958) 



-23-

COHEN and others (1958) studied the effect of three types of 

flocculant: anionic A, cationic B and nonionic C, on both 

artificially prepared clay suspensions and different natural 

waters. Containers with stirrers were used for the tests. An 

optimum dose of aluminum sulfate was added to the process water, 

with different doses of the test flocculant, and mixing was continued 

for 30 minutes, followed by 30 minutes settling. The effect of 

anionic flocculant A on floe settlement during the treatment of 

water artificially made turbid with clay is shown in Fig. 6. 

The best results were obtained with a flocculant dose of 

0.5 mg/1. Further increase of dosage caused a reduction in the 

settling rate and higher residual turbidity. At 2 mg/1, settling 

was practically inhibited. This result indicates that the 

flocculant is effective within a given dosimetric range and that 

there is an "optimum" dose at which optimum settling is obtained. 

When an anionic flocculant was added to the water without aluminum 

sulfate no coagulation or settling was produced. Similar results 

were obtained in treating natural waters. 

The effect of cationic flocculant B is shown in Fig.7, plotted 

from test results in the treatment of Ohio river water. The 

cationic flocculant, like the anionic, considerably raised the 

settling rate at optimum doses. But, in contrast to the anionic 

flocculant, it produced a definite effect without aluminum sulfate, 

and allowed the proportion of this latter reagent to be considerably 

reduced. 



Comparing the effects of different types of flocculants, the 

authors shoved that the least effective and versatile flocculant 

was the nonionic flocculant C, which reacted only in the case of 

one process water out of all those with differing composition and 

physio-chemical properties that were tested. Flocculant B was 

ineffective with weakly mineralized waters. 

MINZ (1964) discussed the use of polyelectrolytes as coagulant 

aids in water purification processes. In order to approach the 

mechanisms of the polyelectrolyte in facilitating flocculation, 

the author presented a model of a structure of floe formed by , 

cogaulation in treatment of turbid water as shown in Fig.8. He 

discussed that when coagulants were used in turbid water 

coagulation, the coagulant furnished ionic charges opposite to those 

of suspended and colloidal particles resulting in neutralization 

of repelling charges on the particles. The particles in suspension 

became covered with adsorbed colloidal particles of the hydroxide 

of the coagulant which had joined each other to form "adhesive 

bridge" thus linking together the suspended particles. The space 

lattice contained "trapped" water which is incorporated into the 

structure of the flocculated particles. The mechanical entrapment 

of the agglomerated particles by adsorption on to the floe formed 

with coagulant chemicals and also by molecular bridging of the 

individual molecules of the coagulant is known as "Flocculation". 

When the polyelectrolyte was used as coagulant it acted as a 

"binder" or "bridger" in that it mechanically entrapped or stuck 


