CHAFTER II

THEORETICAL CONSIDERATION

2.1 Chenistry of Iron
These elements belong to the Subgroup VIIA in the

Periodic Table and like other transition elcecnents they exist

in a number of oxidation statc, The chemistry of agueous

iron is prinarily involved the II and III oxidation state.
Ferrous iroen has a tendency to be oxidized into

ferric state and hydroliged to a ferric hydroxide forn,

2.2 Xinetics of Redox Reactiocn of Iron

The equilibiun cquation of ferrous which oxidized
to ferric as follow:=-

Fe+

%30, + 208 + WO > Fe(0H),
VERNER STUMM (1970) studied the rate of irom oxidation and
found that in a solution pH 5.5, the rate of iron oxidation
was the first order reaction with respect to the concentra-
tion of both Fe(II) and 0, and second order reaction with
respect to the OH concentration the oxidation kinetics
follow the rate law:-

=4(FeID) =k [FeIT [0H] p_, A
Jhere k is the ratc constant

&‘eII] = concentration of Fe
[OH'] e concentration of hycirox;yl ions
by

= partial pressure of C

o) 2
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The oxidation in a bicarbonate solution appcars

-d(Fell) # k {_Fe(ﬂc03)2l { oéi venees(2)
at . ‘
3

\co,

The rate of oxidation increascs by the increasing
of HCO3- concentration and decreases with the concentration
of 002.

JOHN D, HEM (1961) studied the ncasurenent of E,

of ground water by using the equation

Eh = E ), + H log C‘ox
o - g e
nf a,
Ted
Eh = | Redox potential
Eo = Standard potenmtial in typical experi-
nent

ax &areda Effective concentration of dxidized
and reduced substance in the chenical
gysten

R = TUniversal gas constant (1.987 cal.
/degreec per ncle or 8.314 joulesiper

degree per mole)

T = Absolute tenperature
n = Number of electrons represcnted by a

nunber nultiple of e in the redox

equation



f = Faraday constant (23,060 cal/volt or
96,484 coulonbs per grau. equivalent.)

in the oxidation equation

FG+2 + H20 e e oon FeOH+2 - H+ + €
SO

B w E+erog‘Fco 2 [5e*2 || oxr]
nf

from this cquation the Redex Potential is decreased
by the decrecasing of OH concentration. The lower Eh is, the
) less oxidizing Fe' to Fe 3

In his studied, the curve was developed from the
value of redox petential (Bh) and pH as show in Fig.1 and
Fige2 Fron Fig.1 at pH 9 the rodox potential of the chemical
recaction that was given a Fe(OH)3 (g) is = 0.2 which showed
that ferrous had more tendency to forh crystal muclei and
precipitate, In'Fig,2 at pH'9 the solubiiity of iren is
very low at the same Eh that is 0,01 ppm. Tt nemns that
Fe(OH) (8) is very difficult tc dissolve back to the solu-

tion.

2.3 FYactor Influencing Iron Roroval

2.3.1 The Solubility of Hydroxide ¢f Tron

The solubility of ircn hydmbxide varics with the
PE of the soldition, Table 1 show the solubility equilibiun
of iron, The equilibiun canstant is developed in. greph and

and is shewn in fig 3 and 4.
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Table I. Equilibrium constants

Equiliibriun ' i Equilibriun constant
e oo ‘i__ SRS .. SR
Fe(OH),,(aq) = FeOH' + 08 | 2 x 10
FeOH" = P ionm 4.5 x 107
Fe(0H), (o) = mt | woom | 1,8 x 1071
Fo(0H),(c) L FORY. 4 of" 4 x10°10
Fe(0H) (o) o /FeOET | + B | 5 x 10" 19
Fe(0H) ,(aa) o Fe(OH); 4+ OH" ' 2.5 x 1070
Fe(OH)} = FeOH'™ 4 OH 1 4.5 x 107 °
FeoE+ & FF N1 | 2.7 x 1012
Fe(OH)3(c) = FeH—" + 30H | 6 x ‘10-38
Fe(OH)3(c) = Fe(OH); V4 0H- 5.3 x 10~ 11
Fe(0H) (aq) wnBaltihin Ly3oET * 4.0 x 10727
Fettt +0 = re2tt : 33
FeOl, + 0L = FeCly(aq) | o1
Note ag il e que ous state

c - solid state
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In conparison of fig.3 and fig.4 the curve indicate
that alkalinity reduces the solubility of iron, as an exsan-
ple in pH 9 in fig.3 solubility of iron is 10~ Pand in oar-
bonate bearing water the solubility is 10'6(fig.4). This
shows that Iron tends to precipitate inepystal form in car-

bonate bearing water than in noncarbonate bearing water,

2.3.2 Ionizabion of Viater
ERNER STUMM (1970) has studied the ionization
of water and found that temperature affected the ionization

of water, The ionization equation is
H20 (1) P e R T H + OH

As show in f£ig.5 the OH eoncentration increase
with the tenperature, By the equation (1) the OH concen-

tration increased the rate of oxidation.

2.4 Hydrolysis of Ferric Iron
JOHN D, HEM (1961) recported that oxidation of fer-

rous iron was followed by the hydrolysis of ferrous to hy-
drous ferric oxide,

As the following equation,
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Fe++ ;:::?TFG+++ + e

Fe™r + H0 w==TFcoH" + H o
Fo' + 20 == Fe(om)* 4+ 2t 4o

Fett + 3E0 == Fe(OH); + 3 4

FeOH'  + 20 Fe(OH);’ + 28 4+ e

Fe(OH), + B0 === Fe(OH); + H #e

¥  solid state

The size of Fe(oH)3,particle varies with pH of the
solution, The liaeter may be snaller than 100 A%, The
preeipitation ean be dnterpreted in tem of formation of
polynuclear conplexos, | As has been illustrated for OH as a
ligand, the present of iietal conplexing species will affect

the solubility of Fe(OH)B.

2,5 Effect of Alkalinity t5 the Formation of Floc.

In the natural watcr of pH range of 6 to 9 and
having a alkalinity valuc betwcen 400 ppn to 500 ppn as
CaCO3, the dissolve iron 7;oasible to be preeiritated in tri-

valent forn as Fe(OH)., and bivalent forn as FeCO GHOSH

3 3°
(1966) found that, the rate of iron precipitation wa: govorii-
¢d by the alkalinity and pH of the water as shown by the

following relationship

® . 500 -0.33x 1014 0m7]2 - 183 Llogt8,10..(4)
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where T% = Half-life in ninutes or tine required
for one-half of the ferrous ircn in solu-
tion to be precipitated.

OH = Molar concentration of hydroxyl ions.

A = Mkalinity in ng/1 as CaCO3

2.6 Formation of Floc.

The ferric iron fornmed as a result of the oxidation

of fcrrous iron is hydrolyzed azecording to the equation,

ket

2 Pt 4 200+ (x41) H0 == Fe,0,,xH,0 + omt....(5)

232

The inscluble hydwated ferric oxids can exist in
tw. forne, nancly the selid fora, and the floc form., Solid
forn can grow in:larger-aggloncrates, which becone floe,
This flocculated particles =re 1ore ‘easily filtered,

The basic ster in the formation of hydroxopolymers
of any nmetal is a stevwisc hydrolysis, For.forrous iron,
the nost comron hydrolysis products that nay exist in natu-

ral of water are 002307

Fe(Hzo)s_:{H, [ Fe(HéO).(OH)ji""‘, Fe(OH)Z; and Fe(HZQ)3(OH)3

For ferric ion, the mcst common hydrolysis products
are FeOH"'; Fe(0H) 3 and Fc(OH);; and it was found that amuo-
ferric ions has far noreaffinity toward hydrolysis then the

aquo~ferrous ion, Ferriec hydroxo conplexes have becen known
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to polynerize as shown by the reaction: ) n

=
2 Fe(Hzo)sonf - L_Fez(nzo)s(on)z‘} e 28,0 eees(6)

2.7 Kature of Zeta potential

The basic neaning of Zeta Potential is illustrate
in £fig.6. The pictured colloidal particle is electroncgative
charge, .

The Zeta Potential is the potential at the surface
.that seperated the irmobile part of the double layer fron
the diffuse part, It is a sirumltaneous ncasure of the charge
of the diffuse layer (per unit surface of the colloidal) and
of its extent tc the force and distance overwhich the parti-
cles can repel cach other and thus prevent flocculation,

The ZP: in-the range of 15=25 1V prevents agglone~
tation and when drop ZP to about 0O 3 5 1iV the colloid can

coagulate and settle down (RIDDICK 1961).

2.8 Electrohydraulic Effect

YUKIN (1938) the Russian Scientist, refined and
denonstrated the primitive technique of clectrohydraulics
after that LAVRENGE (1969) cxglained that clectrohydraulic -
effect is suddently released a stored electrical energy by
high speed electronic switches and irmersed electrodes. It
created an intense mechanical shock wave,

A basic electrohydraulic systen is shown in fig.%.
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Fig.,7 Electrohydraulic Systen Has Power Supply,
Trigger, Storage Capacitor, and Subnerged

Electrodes in Circuit,

The necessary high voltage , about 20 kV; is obtai-
ned fron line operater de. power supply and chatges a capaci=-
tor storage bank rated from 1 - 15 picrofarads, Safety
devices "bleed" the circuit via high resistance discharge
parts. ¥hen electronic trigger circuit is activated, energy
is rapidly dumped into concentric or opposing sparkgap

electrodes subnmerged in the water-filled tank, The resulting
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shock wave shearcd metal sheet as shown in f ig.8

SHOCk ways
RCC

Fig, 8 Shock .ave Shearing Metal,

Although the out ward appearance of the electrohy-
draulic effect is that ¢f a sinple chemieal explosion, for ?
(@xanple, flash of light noise, its constituents are ruch
nore conplex,

Uulike a cheniegal cxplosion whose dynerics are
neasured in terns of nillisccond, the sudden rclease of
stored eneryy resiﬂ:s on-the generation of a sriall vapor
bubble which, for all practicle purposes, acquires the cha-
racteristics of a plasn:., Its terperature can be as high as
30,000°C, acconpanied by pressures estinated to peak out at
approxinate 20,000 atrospheres, Active chenical species
generated by the short-tern plasna include hydroxyl radical
(OH), ozone, and oxyzen. This attendant electrochenigtry
is rceognized as an effcctive nethod for distrcying harnful
nicro-organisns in weter and it night, in tine, lead to the
developnent of economical nethods for treating polluted

river ard streans,
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An electrohydraulic discharge unit suitable for
laboratory application is shown in fig.9. The safety spark
gap, C_, protect the main storage capacitor (Cc) fron rupture
caused by over voltage.

Using equation, i = %CEZ , it can be shown that the
efficiency for concerming electrica;L power to the electrohy-
draulic is a about 50%.

The energy can be fed to varicty of high speed
release d@!ﬁ&&s, such as the ignitron or triggered spark-gap,
to provide a rapid dumping cycle,

However, autoriatic pulsing which require-s an
éxact determination of power supply capabilities is
not too common is sinple eleetrohydraulic application, The
flasher can be used to trigger the UJT, This provides addi-
ti.onal assurance that the energy storage capacitor Cehas
been charged to its maxirum design potential., The nethod,
as drawn, depict, a non-sychronized, free running trigger
node, tThe UJT trigger circuit and Ce’s charging rate st be

synchronized for marin and related application,

2.9 Electrophoretic Clarification of water

HILER, E.A. & LYLE, W.M. (1970) was investigate
the direct use of electrdé currents and clectric fields to
bring about water clarification and purification., Electro-
phoretic and electrochenistry systems appear well adapted

for removal of this electrical charged pollutant and in
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addition havevthe potential @€ being entirely automated.
Numerous design concepts are advanced and test by using
laboratory models, This include a phoretic removal, and
porous filter and electrode grid models which in corporated
both electréphoretic and electrochemistry capabilities.

Successful water clarification was attaind with the
parallel plate model only when the influent water was of very
low electrical conductivity. ! Eleetrolysis producfs at high
conductivity cause sufficient turbulence to disrupt completely
electrophoretic tranéport. In addition primary and secondary
chemical reaction ggdk place owing to electrolysis,which
altered the characteristic of the suspension,

The case of agtoﬁation with an electrophoretic
system does not j&ﬁ%&?& the high cost.of water treatment by

)

this method, Wateihkufification by electrochemical mecr.s
overcome this problem and was successful.both operationally
and economically, as a result of the experiment testing a
sample design of a small semiautomated cleclrochemistry
water system is offered which incorporates electrochem-
flocculation, settling, and electrochem-disinfection
operation,

2,10 Spaulding Precipitator.

BABCOCK(1950) studied the efficiency in removing

iron from ground water by using spaulding precipitator, as
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the schematic diagramn shows in the fig,10

In his studied, he found that it is easier to
renove. the precipitate of iron in floc form than in soiid
form, He used alum as a coagulant and lime to raisc pH, to
flocculate F9203. The floc can be removal easily by Zand
filter,

Moreover, he found that pH is the prime importance
in a process of this type. It was found that the optimum pH
zone was 8.5 = 9,1. This¢ type of treatment, approxinately
95% of iron was removed. The chemical us=d and ‘percentage of

iron removal are shown in tho't-blc IT

Table Y= Cheriical use in the spaulding

precipitator
"Source Alun liné —+ “1;1; | Fe ?% Fersnoval
- (eve) | (epg) (ppn) | i
a8 l

Raw water - - 6.3 4.4 : -
Aerated - - 6.8 4.2 5% |
Precipitated 7.3 7 9.2 0.2 95%
Precipitated 4.C 5 9.0 0.17 96%
Precipitoted | 2,8 3.5 | 9.0 0.2 95¢%
Precipitated 2.5 2.5 | 8.9 0.33 93%
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2,11 Mechanisn of Electrical Field Colurm

THAMNOON (1972) studied the clarification of
water by electrical means and concluded that the electric
field can split out the protective shell of water molecules
surrounding the suspended particle and also neutralized the
electrical charge on the surface of the surface of the sus=-
pended particle, causing the aggloneration of particle. In
deferrilization, the niechanism of the electric field is that -
the electricity is transfornmed to electrical wave form which
create the electrohydreulic effect, This electrohydraulic
effect has an high enough energy to lose one of the outer

shell electron of Fe+2

to forn Fe+3. Then Fe+3 will hydrolize
to form a colloidal particle of Fo(OH)B(s). ind some Fe*2
will fern with HCOS to forn precipitate of Fe(0,, as the
following equations:-

2 Fe+2 + energy — 2 Fe+3 + 2¢

61120 + 6e RN-UN IVEiS} + 60H"

oFe*3 &+ 60 — 2Fe(0m),

oFet? 4 6320 + 4e —> ZFe(OH)3 + 3H, '

and
Fet? 4 omeO: FeCO. + EO + 0O
3 3 2 2
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