CHAPTER IV
DISCUSSION

The electrical energy is transformed to complex
wave form and transfer to the iron bearing water in the elec=-
tric field colurm, The frequency of the wave is controlled
by the applied wattage., The wave which has a very high
frequency will create electrophydrevlic effect which can
oxidize Fe+2to Fe+3by losing one of the outer shell electron
and disperse the surrounding water, Then 'Fe+3will hydrolize
to forn a colloidal particle of Fe(OH) 5(8). The hydrolysis

of Fe+2to Fe+3a.re as follow:-

ZF'e+2 +  energy —e= 2Fc+3 + 2e
opet3 5 goHm —— 2Fe(OH)3

61'120 + 6be —_— 3H2 + 60H

+ 6329 + 4e + energy — 2Fe(OH) 3 3H,

2Fe+2

Iron is the element belonging to the subgroup VIIA
in the periodic table., In this group therc are four elenents
Fe, Ni, Co and Al., All of these elements can be hydrolized
and precipitated in floc form but it is different in colour,
The hydrous form of Al and Ni are white, Co is grey and Fe -
is Red-Brown.

The precipitate in the ground water and synthetic

water after passing through the electric field colurm is
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red~brown in colour. It can be conclude that the iron is

removed in the form of Fe(OH)3(s).

5.1 Flow Rete and Percentage of Iron Removal

Fron the experiment, the percentage of iron
renioval is.affected by the flow rate, As shown in £ig,27
and table VI, the percentaé;e of iron renoval at each energy
use is decreased with inereasing of flow rate. It is because
at high flow rate the detontion tinme in the electric field
colurmn is short, so less a;nou;nt of energy was transferred to
the water, The arount of dissolved iron oxidized by-the
electric field will be l'ésg than the anmount of dissolved
iron oxidized in a low flow rate. In table VI at an energy
use of 40 watts and flow rate of 3 L/min or a detention tinme
of 3.3 nin the pexeentage of iron removal is 95% and when
the flow rate is inereased to 4 1/min or the detention time

of 2.5 nin the percentage of iron renoval is dropped to 65%.

Table VI Detention Time and Flow Rate

|
Flow Rate Detention %Fe Removal |  Remark
L 1/nin tine,nin, f
3 3.33 95 influent alk,
= 380 ppn.
4 ] 65 energy use
= 40 watts.
5 2.0 63
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Fig, 28 Relation of méi-gy Used, Residual Alkalinity and Percent Iron Removal
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5.2 Energy Use and Percentage of Iron Renoval

25

The percentage of iron removal is also varied with

energy used, The amount of ferrous ircon oxidized to ferric

iron is increased with the increasing energy. It is because

the increased transforned cnergy will increase the energy to

split out the protectivec shell of water surrounding the diss-

olved iron (Fe+2) , and will loge one of the outer shell elec-

tron of Fe+2tc~ form Fe+3.

As shown in fig.28 and in the

Pable ViIT. Power Supplied and Percentage of Iron

Resoval

i‘ il B "3 7 . i T T
| Power Supplied | /% Fe PFlow Rate Remark

watts Removal 1/min

80 95 0.698 Syn. Sanple

160 98 0,698 "

20 82 0,698 Nat. Sample

40 90 0,698 4
LR ) 81

table VII at the same flow rate of 0.698 1/nin and the energy

use of 80 watts, the percentage of iron renoval is 95%. “hen

increased the energy use to 160 watts, the percentage of iron

renoval is incrcased to 98%.

5¢3 Alkalinity and Percentaze of Iron Renoval

The iron is renoved by forning complex with alka-

linity in the water, as the fcllowing equations:=
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ret3 4 308" —> Fe(0H),

The anount of alkalinity renoval depends on the anount of
iron removal which depends on the flow rate and the energy
use,

The residual alkalinity increases with the flow
rate and decreases with the percentage of iron removal., As
shown in fig.27. The residual alkalinity is also depcnded -
on the energy use as shown (in fig.28. The energy use irore-
ases with the percentage of iron removal as discussed in
section 4.2, so nore alkalinity is removed or less residual

alkalinity is left,

Table VIII, Alkalinity and Percentage of Iron

Renoval
Alk,ppn | Residual % Fe Flow Rate|Alk./ppn Fe| Reca-
) alk.pprn | Remowval 1/min rk
380 145 95.00 3 16449 Energy
usedm
380 172 6645 4 208.6 60watts
380 225 62.5 5 160,0
380 190 T2 3 175.9 Energy
useds=
380 220 64.0 4 166.6 AOwalts
{
380 270 €4.5 5 | 119.2
~ . o r T
| Average 165,86
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In table VIIT at an energy use of 60 watts and the
flow rate of 3 1/min the percentage of iron removai is 95%
and the residual alkalinity is 145 ppm. ‘hen the flow rate
is increased to 5 1/min the percentage of iron removal is
deereased to 62.5% and the residual alkalinity is increased © C°
to 225 ppn. hen the energy use is decreased to 40 watts, atb
the flow rate of 3 1/min the percentage of iron renoval is
decreased to 72% and the residual alkalinity increased to

190 ppne.

5.4 pi

The rangé 0f the influent ground water pH is 6.35
to T.1 with average of 6.72 and the effluent ground water pH
is 6.5 to 7.2 with average of 6.87. Table IX shows the fluc~
tuation of influent ground water pH and effluent ground water
pH. Tt shows that the effluent ground water pH is slightly

changed from the influent ground watcr pH.
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Table XI. Fluctuation of pH in the influent and

the effluent of the ground water

‘F:}j;iiate Inf. pH off. pH Renark
1.50 6.35 6:5 Energy Use
2,31 6.35 6.55 = 20 watts
2.85 6.35 6.55
3.18 6.35 6,45
2,40 y % T3 Inergy Use
3,12 T4/ 722 = 40 watts
4.80 741 71
2,1 141 7.05 Energy Use

I 4.2 - 71 6.8 = 60 watts

l 5.04 | Q! T2n | B

;

|

average é;%3 6.517

B L ay $aF . e e o e et
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5,5 Tenperature

The influent temperature and effluent ternperature
of ground water are shown in table X. The temperature change
was varied directly with power input and varied indirectly
with flow, In fig.X at a flow rate of 3 1/min for the energy
use of 40 watts the effluent temperature is 37.2°C and when
increascs the energy use to 60 watts the =ffluent temperature
is raised to 38,4°C, It is because the heat is created in
the electric field eolumn by ecnergy loss., The cnergy loss

can be conputed by the following cquationi=

energy loss = IQR

Where R = resistance of water

I = the current.

The cnefgy loss will increase directly with the
current which increase directly with the wattage. This ener-
gy loss will be transformed into heat energy and provide a
high tenperaturc in water, The conductivity or resistance of

the water will affect the efflucnt water tenperaturec, Low

conductivity or high resistancc will raise the effluent water .-

tenperature, As shown in tablc X at flow rate of 2 1/nin the o~

effluent tenperature of the water which has 3.34 ¥ conducti-
vity and 20 watts encrgy use, is 39,5°C which is higher than
the ef fluent tenperature of the water which has 3,96 ¥

conductivity and 40 watts encrgy usc,



0
The fluetuation of temperature of the effluent is
also based upon the detention time in the colurn, As shown
in table,X the high detention time give a high effluent ten-
peraturc, as at the fixed energy use of 20 watts, detention
tine of 5 nin, the effluent tenperature is 38°C. ‘/hen the
detention time is dccreased to 2,5 nin the effluent tenpera-
ture is decreased to 35.5°C. /It is becausec at high flow rate

there will be more water to absorb a certain anount of heat,

Table X Relation of Flow Rate, Energy Use and

Effluent Tenperature

Fic;wita;ez Deten Tenperaturc °C | Renmaxk
l/oin - tion Energy Use | Bnergy Use | Bnergy Use
Itine,mim = 20watts | =40 watts |=60 watts
o Cend.3.34 /| Cend.3.96, | Cend.3.96
l
2 5 39,5 3,27 | 38.4
2.5 ‘ 4 365 36.3 38.1
3 3.33 | 335 35e5 oy 378 |
3.5 | 285 | 30,0 | 347 3.6 |
|
4 | 2.85 - 33.8 3.3
45 | 22| - 33.0 3
5 2 - | 32,2 | 368
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The keat developed in the process will remove some
tenporary hardness in the influent water. The reason is that
the heat which is created by the energy lost in the electric
ficld column will cause the temperary hardness to precipitate

as shown by the following equation.

Ca"'z

+ 2H003“\—-"—‘ Ca.('JO3 + H20 + CO2

In the table XI the temperaly hardness is removed
up to 13.2%, when the effiuent temperature is raised to 48°C.
It is also shown that the¢ tenporary hardness at about 5 -~ 13

% can be renoved when the efflunet temperature is maised above

32°C.
Table XI, Bffluent Temperature and Percentage
of Hardness removal

: : e
Eff, Tenp, BEff, Hardness | % Hardness Renark !
‘c jojos! Renoval |
== e
|
48 330 13.2 inf, hardness |

= 380 pm

43 370 5e¢3 inf, tenp.
= 28°C. I
40 350 T.9 i
| i
32 380 } 0.0 1 B 5




5.6 Applications

In order to epply this method in removing the
iron contents in'the ground water. A most econocmical nethod
rust be determined, In fig.29 the relationship of flow rate,
percentage of iron removal energy use, and cost of energy
use are plotted, These curves can be used to find our the
nost econonical flow rate and wattage for any percentage of
iron renoval,

For a2 ground water in which the iron rust be reno-

ved for 82%, the most econonical flow rate and wattage can be - °

read fron the £ig.29 to be 2.7 1/nin and 40 watts of energy

use respectively with a cost of 0 185 B/cu.m,
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