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Abstract:

Soak liquor (10 L/kg of skins/hides) of characteristics BOD,COD, TOC, Dissolved Protein, Dissolved
solids and halophilic count respectively 757 mg/l, 2178 mg/l, 553 mg/l, 1011 mg/l, 20801 mg/l, 2.35 x
10" CFU/ml is discharged by leather industries with out any physico —chemical and biological treatment.
Solar evaporation is the resorted method for concentration of soak liquor and to heap the scraped salt in
tanneries. In the present study a treatment technique , known as Fenton Activated Carbon Catalytic
Oxidation (FACCO) ,consisting of coagulation-flocculation using alum , lowering of pH to 3.0 using
sulphuric acid, chemical dosed with hydrogen peroxide (0.001ml /L) and Ferrous sulphate (0.1 g/L)
(known as Fenton reagent), and catalytic oxidation over mesoporous activated carbon at a residence time
of 1 hour was attempted. The coagulated-flocculated and Fenton reagent added soak liquor was applied at
a surface loading rate of 1.46m’/m?%/day and volumetric loading rate Of 0.83 m’*/m’/hr to the reactor
packed with mesoporous activated carbon. The packed bed reactor was operated under counter current
mode , the clarified soak liquor was applied on the surface of the catalyst bed and air required for the
oxidation of organics was supplied from the bottom of the reactor. The treated wastewater was
characterized by BOD 15 mg/l, COD 200 mg/l and dissolved protein < 5 mg/l. The treated wastewater

was concentrated in solar evaporation pan and crystallized. The crystallized salt was of reusable quality.



1.Introduction

Conversion of skins /hides into leather involves three major operations : pre tanning, tanning and post
tanning operations. The pre tanning operations include soaking , liming , de liming and pickling. Soaking
process consists of immersing the wet salted skins/hides in water for the removal of adhered common salt
which was applied to preserve the raw material from microbial attack during storage/transportation. The
characteristics of wastewater shown in table 1 reveals that the wastewater has BOD/COD in the range
0.37-0.42 suggesting the wastewater is amenable for bio degradation of dissolved organics in
wastewater. Biological treatment of saline wastewater usually results in low BOD or COD removal
performances because of adverse effects of salt on microbial flora. High salt concentration (>1% salt)
causes plasmolysis and loss of activity of the cells. Several researchers have investigated the effects of
salinity on bioactivity of micro organisms in biological teatment systems and found that high levels of
salinity had adverse effects on treatment performance (1) . Hence, micro biological methods are
insensitive to address to the treatment of salt laden wastewater discharged from tanning industries. In the
absence of viable methods, segregation and evaporation of salt laden wastewater in solar evaporation
pans is followed in India. The scaraped salt from solar evaporation pan is collected in heaps as this salt
does not meet the standards for reuse. These collected salts undergo leaching into ground water sources
during run off season causing ground water pollution.

Recovery of salt from soak liquor or from the scraped salt from solar evaporation pan is a rational
method for mitigating ground water pollution . As biological methods are ineffective to remove the
dissolved organics from salt/soak liquor to such a level for reuse purpose ,advance oxidation processes
have been considered for the treatment of wastewater..

Recently , advanced oxidation processes (AOP), which involve the in situ generation of highly potent

chemical oxidants such as the hydroxyl radical (OH"), have been developed and proposed for accelerating



the oxidation and destruction of a wide range of organic contaminants in wastewater (2) (3), particularly
oxidation by Fenton’s reagent (4,5),. Fenton’s reagent is a mixture of Ferrous iron and hydrogen

peroxide. The hydroxyl radicals released on mixing the reagent with wastewater facilitates the oxidation

of organics.
Fe*" + H,0, — Fe’™ + OH +HO® (k1) 1
Fe*" + H,0,— Fe*' + H" +HO," (k2) 2

Fe'" + HO,’ — Fe* + H + 0O,

The values of k1 ( 76.5 mol™ s™") and k2 (2 x 10° mol™ s™) are affected by the presence of chelators
(diols, carboxylic acids, amino acids and so forth)* that are able to stabilize the cation (Fe*") slowing
down the reaction or , contrarily, activate and accelerate the reaction (6). Also, the heterogeneous
catalytic decomposition (on solid surfaces) of peroxides may play an important role in the degradation of
organics in wastewater (7). This model incorporates a single rate limiting step controlling H,O, loss and
ultimately contaminant degradation, super oxide and hydroxyl radical formation, scavenging reactions
of oxygen radicals with the solid surface and contaminant degradation by reaction with hydroxyl radical
which is formed from both surface and solution reactions.

Sekaran el al (7) in studies on oxidation of organics in tannery effluent confirmed the formation of
hydroxyl radical from molecular oxygen using the free electrons in meso porous activated carbon
prepared from rice husk. The present investigation focuses on the oxidation of dissolved organics in
salt laden wastewater, discharged from leather industries, using Fenton’s reagent as homogeneous catalyst

and meso porous activated carbon derived from rice husk as the heterogeneous catalyst .



I1. Materials and Methods
2.1 RAW MATERIAL

Rice husk as the precursor material obtained from the agro industry was well washed with H,O
several times and used after oven drying at 110°C for six hours. The dried samples were then sieved to

600 micron size and the same was used for the preparation of activated carbon.

2.1 PREPARATION OF MESO POROUS ACTIVATED CARBON

Rice husk based activated carbon (RHAC) was prepared in two steps. The first step being
precarbonization followed by chemical activation. In the precarbonization process the rice husk was
heated to 400°C at the rate of 10°C / min for about 4 hours under N, atmosphere and then cooled down to
room temperature at the same rate. This is labeled as precarbonized carbon (PCC). The precarbonized
carbon was then subjected to chemical activation. In chemical activation process 50 g of the
precarbonized material was agitated with 250 g of aqueous solution containing 85 % H3;PO4 by weight.
The ratio of chemical activating agent / pre carbonized carbon was fixed at 4.2. The chemical activant and
pre carbonized carbon were homogeneously mixed at 85°C for 4 hours in a mixer. After mixing, the pre
carbonized carbon slurry was dried under vacuum at 110°C for 24 hours. The resulting samples were then
activated in a vertical cylindrical furnace under N, atmosphere at a flow rate of 100 ml / min. This is
followed by heating to three different temperatures 700, 800 and 900°C to optimize the heat treatment.
This was done at a heating rate of 5°C/min using a programmer and it was then maintained at a constant
temperature for one hour before cooling. After cooling, the activated carbon was washed successively for
several times with hot water until the pH becomes neutral and finally with cold water to remove the
excess phosphorous compounds. The washed samples were dried at 110°C to get the final product. The

samples heated at activation temperatures 700, 800 and 900°C were labeled as C700, C800 and C900.



2.3.CHARACTERISTICS OF ACTIVATED CARBON
CHEMICAL CHARACTERISTICS OF ACTIVATED CARBON

The activated carbon C900 prepared in this laboratory was used in this study. The chemical
characteristics of the carbon C900 as illustrated in Table 1 are carbon 48.45%, Hydrogen 0.7%,
Nitrogen 0.1%, and bulk density 0.405 g / cc.  Samples were sieved to the size 600pm. The dried
samples were stored for further analysis such as N, adsorption — desorption isotherms, FT-IR technique
and surface morphology.
2.2.3 SURFACE MORPHOLOGY
Surface morphology carried out on the samples of RHAC before and after chemical activation and on
organism immobilized carbon was done using Leo-Jeol scanning electron microscope. The carbon
samples were coated with gold by a gold sputtering device for a clear visibility of the surface
morphology.
2.24 FT-IR STUDIES

Perkin Elmer infrared spectrometer was used for the investigation of the surface functional
groups. The carbon samples were mixed with KBr of spectroscopic grade and made in the form of pellets
at a pressure of about IMPa. The pellets were about 10mm in diameter and 1mm thickness. The samples
were scanned in the spectral range 4000 — 400 cm™.
2.2.5. SOURCE OF RAW WASTEWATER:
The wastewater used in the present investigation was obtained from a tannery processing raw skins into
semi finished leather. The steps involved in the process are soaking, liming , pickling and tanning. The

wastewater from soaking and pickling operations were collected in a separate drain. The coarse solids



such as fleshing , trimmings and hair are screened through a metal screen of aperture Smm. The
screened effluent was collected in a tank.

2.2.6. PRIMARY CLARIFICATION

The combined soak and pickle wastewater were flash mixed with alum at a dose of 900 mg/l at a
strength of 3% at 100rpm for 2 minutes. The coagulated wastewater was flocculated at 20 rpm for 15
minutes. It was allowed to stand for 2 hours in a quiescent condition. The supernatant liquor was
siphoned off with out disturbing the sludge interface.

2.2.7.SAND FILTER

A sand filter was used with diameter of 6 cm and height 30cm. It consisted of 2.5 cm layer of gravel
(diameter Smm) separated by a 2.5cm layer of gravel (diameter 3 mm). This was followed by a 10 cm
layer of coarse sand ( diameter Imm). A 2.5 cm void space was left at the base to facilitate aeration of
the system . The anaerobically treated sewage was distributed onto the surface of the top gravel layer
through a PVC pipe ( inner diameter 10mm) perforated with 0.8mm diameter holes. Water was drained

from the base of the filter through a 10mm wide slit which was open to the air.

BATCH STUDIES ON FENTON OXIDATION OF SOAK LIQUOR

The sand filtered soak liquor was used for catalytic oxidation . The dissolved organics in the soak liquor
was oxidized using air of volume 1.2 I/hr at a pressure 0.6 kg/m”. The oxidation reaction was carried out
with initiators HO, and FeSO4 and meso porous ac activated carbon as the heterogeneous catalyst The
experiment was carried out with different amounts of H,O, (0.02 ; 0.04 , 0.06; and 0.08 ml/l) and

different concentration of ferrous ion (5 , 10 , 15, 20 mg/l) while RHAC (10 g/1) was fixed. The



oxidation reaction was continued for 24 hours. Aliquot of samples were withdrawn for every one hour,

and the samples were analysed for pH, COD, TOC and dissolved protein.

2.2.8. FENTON ACTIVATED CARBON CATALYTIC OXIDATION (FACCO)
REACTOR

The reactor used in this study had a total volume of 720 ml and working volume of 356 ml, with
dimensions of 5.5 cm diameter and height of 30 cm. It consisted of 2.5 cm layer of gravel (diameter
Smm) separated by a 2.5cm layer of gravel(diameter 3 mm). This was followed by a 10 cm layer of
coarse sand (diameter Imm). A 2.5 cm void space was left at the base to facilitate collection of the
filtered water. The collection system consisted of header and laterals. The header was of diameter 10mm
and laterals of diameter Smm. The laterals were perforated with 0.8mm diameter holes. The reactor was
filled with mesoporous activated carbon to a bed height of 15 cm. The size of carrier particles and
dimensions of FACCO reactor used in this study were arbitrarily chosen for ease of observation. The
oxygen required for the oxidation of organics in wastewater was supplied in the form of air at a pressure
of 0.6 kg/cm” through an air diffuser placed in the carbon bed. The sand filtered sewage was distributed
onto the surface of the carbon bed via a PVC pipe (10mm) perforated with 0.8mm diameter holes. The
sand filtered sewage was fed to the PVC distributor using a peristaltic pump (Watson Marlow). The
temperature was maintained at 30+1°C in order to minimize the change in water quality by temperature
fluctuation. Treated salt laden wastewater was drained from the base of the filter through a 10mm wide
slit which was open to atmosphere. The FACCO reactor was cleansed by pumping at least two void
volume of sand filtered waters before each sewage sample was tested. One void volume of treated

wastewater was discarded during test run.



2.2.9. CHEMICAL DOSING

The sand filtered wastewater was dosed with ferrous iron 100 mg/l in the form of FeSO4. 7H,O and
Hydrogen peroxide 0.01ml/l at a strength of 1 % v/v solution. The contents were agitated for 15 minutes
inorder to facilitate mixing. The wastewater dosed with Fenton reagent was allowed to distribute over
FACCO reactor.

Physico-chemical analysis of the wastewater

pH, BODs (Biochemical Oxygen Demand), COD (Chemical Oxygen Demand), DOC (Dissolved Organic
Carbon ), dissolved protein , TDS (Total dissolved solids) were determined in fresh water sample ,
coagulated , sand filtered and FACCO treated wastewater samples. COD measurements were used to

determine removal efficiency of organics during chemical oxidation in Fenton process.

111 Results and discussion
3.1. CHARACTERISTICS OF CARBON
Rice husk based activated carbon (RHAC) has been considered in the present investigation for its
physico — chemical and electrical properties(20,21) for the generation of hydroxyl radicals from
molecular oxygen that are considered to have the highest oxidation potential for dissolved organics in

wastewater.

3.1.1 PORE SIZE AND PORE DISTRIBUTION

Figure 1 shows the pore size distribution of activated carbon samples. The average pore size distribution
is dependent mainly on the concentration of chemical impregnation and the heat treatment temperature.
The pore diameter was observed to increase with activation temperature up to 800°C and the same was

reversed at a further higher temperature of 900°C. The activated carbon obtained at 700°C characterized



by an average pore diameter of 38.8A had a marginal increase in pore diameter to 39.36A at 800°C. The
narrow increase in pore diameter suggests that up to 800°C certain unorganized carbons or residual tar
materials are expelled by opening of closed pores [8] and existing pores are widened into larger pores of
small magnitude through gasification of carbons in the pore walls having labile carbon structure [9]. But
the decrease in the pore diameter of C900 is due to the suppression of the pore widening of stable carbon
structure [10] formed during pre carbonization process. The surface morphology of the pre carbonized

carbon (PCC) and activated carbon C900 is shown in Fig. 2.

3.1.2 FT-IR SPECTRA

The infrared spectroscopic data in Fig. 3 provides information on the chemical structure of activated
carbon samples . All the carbon samples show a wide band at about 3350 — 3425 cm™. The O-H
stretching mode of hexagonal groups and adsorbed water can be assigned to the occurrence of this band.
The position and asymmetry of this band at lower wave numbers indicate the presence of strong hydrogen
bonds [11]. A weak band at 3780 — 3786 cm™ may be assigned to isolated O-H group. The samples C700,
C800 and C900 show absorption bands due to aliphatic C-H at 2920 cm™ and this is found to be low in
the precarbonised sample (PCC). A very small peak near 1700 cm™ is assigned to C=O stretching
vibrations of ketones, aldehydes, lactones or carboxyl groups. The weak intensity of this peak for all the
carbons indicates that the precarbonized and phosphoric acid activated carbons contain a small amount
of carboxyl group. The band near 1615 cm™ in PCC is due to aromatic stretching vibration of C=C
enhanced by polar functional group. But this is not found in any of the carbons heat treated at high

temperature. A broad band between 1250 and 1000 cm™ is observed. The broad peak shouldered at 1180



cm” for C700, C800 and C900 indicates the presence of phosphorous content of the samples. The
occurrence of these bands are usually found with carbons activated with phosphoric acid (20,21).
Appearance of bands in these regions may also be assigned to C-O stretching in acids, alcohols, phenols,
ethers and esters. But in this case these bands cannot be assumed to be due to C-O stretching because the
bands in these regions may disappear at higher temperatures. The appearance of these bands is therefore
only a characteristic for phosphorous and phospho-carbonaceous compounds [12]. The appearance of a
peak at 1190 cm™ is mainly assigned due to phosphates arising due to phosphoric acid activation and the
band at 1203 cm™ is due to phosphoric acid esters which have been reported previously[13,14]. As
reported by Puziy et al. [15] the appearance of bands at 900 — 1300 cm™ could be due to phosphorous
species resulting from the phosphoric acid activation. The peak at 1180 cm™ may be assigned to the
stretching mode of hydrogen-bonded P=0 to O-C stretching vibrations in P-O-C (aromatic) linkage and
to P=OOH [22,23]. The shoulder at 1080 — 1070 cm™ may be ascribed to ionized linkage P*-O" in acid

phosphate esters [16,17] and to symmetrical vibration in a chain of P-O-P (polyphosphate) [18,19].

3.1.3. PRIMARY CLARIFICATION

The primary treatment of wastewater reduced the dissolved protein by about 50% besides reducing the
suspended solids by 90%. The BOD of the wastewater was in the range 360 to 720 mg/l and COD was in
the range 1200-2300 mg/l and the BOD/COD ratio was brought down to 0.31. The decrease in
biodegradability of wastewater is due to the elimination of dissolved protein during primary treatment
with alum. It is known that AI’" has remarkable affinity with albumin and globulin with stability

constant

3.1.4. SAND FILTRATION



The filtration of wastewater through sand filter was able to retain the biodegradability index at 0.31 while
it was able to reduce the BOD to 138-550 mg/l and COD to 528 — 1632 mg/l. Sand filtration of the
primary coagulated wastewater was able to attract a removal of dissolved protein by 22%. The results
indicate that the sand grains are able to strain the protein complex formed with aluminium ion. The
positively charged matrix of the sand filter is very much efficient to remove the negatively charged
protein complex. This suggests that the periodic cleaning of the sand grains or replacement of sand filter
is highly desirable for the treatment of wastewater.
3.1.5. BATCH STUDIES ON FENTON OXIDATION OF SOAK LIQUOR
Oxidation of dissolved organics in wastewater using Fentons reagent (Hydrogen peroxide and ferrous
sulphate) involves the following steps.

e Generation of hydroxy radicals from F e*" and H,0,

e Oxidation of dissolved in wastewater organics by hydroxy radicals and formation of end

products like CO, and H,O

e Oxidation of Fe*" back to Fe*' to sustain the reaction

The dissolved organics in soak liquor is expressed interms of COD or TOC or dissolved protein. The

oxidation of dissolved organics in soak liquor is represented by

OH’
Organic substrate — CO, + H,0
(COD or TOC or H,0, + Fe**
soluble protein)

The destruction of organics in wastewater as COD is shown as below which is followed by the following

reaction



Fe*” + H,0, — Fe’™ + OH +HO® (k1)
COD +HO'— COD* +H,0

COD*+ 0, — CODO0O*

COD O0O*+COD — > COD* + CO, + H,0

The rate of destruction of dissolved organics could be represented as

r -d[dissolved organics]

dt
= K, exp [ -k/RT] [COD or TOC or Protein]™ [FeSO4]"

[H,0,]

For a given temperature and oxygen partial pressure the pseudo m™ order expression is
d (COD/dt)= K (COD)™
Where
K = K, exp [-K/ RT] [ [FeSO4]° [H,0,]"
The data presented could be well fitted to m=1 for a given a temperature and time , then
-d(COD)/dt = K[COD]

and hence In { (COD), )/(COD)} = Kt

The destruction of dissolved organics in soak liquor follows two consective steps . The first step
proceeds at a faster reaction rate while the second step occurs at a slower rate. The faster rate of
reaction is due to the reaction between hydroxy radical and organic substrate in the wastewater. The

decrease in rate of reaction , even though the substrate is not exhausted , is due to deactivation of Fe**



formed . It is expected that hydroxyl radicals are active enough to react with Ferrous ion (reaction 1)
at a rate of 3.2 X 10° M''s” which is about 5 x 10’ times faster than the second reaction. The
oxidation of Fe*" to Fe’" is accompanied with the formation of hydroxyl ions owing to the reaction as
shown below. The hydroxyl ions tend to form complex with the ferric ion making it to be inactive.
This could be the reason for retarded rate of second step.
The present study shows that accelerated rate step has rate constant for the destruction of COD
was  9.46 x 10" min™' and rate of slower step was 1.12X10™ min™ (fig 4). This appears that the
overall rate and sustainability of the reaction is controlled by the second step whose contribution
towards COD removal is only 20% while removal in the first step was 31.5% (figure 5) . Hence,
a strategy was necessary to increase the rate of second step. The rate of reaction in the second
step was considered to increase in two ways.
1. Preventing the complexation reaction of Fe’ with hydroxyl ions
2. The formation of hydroxyl ion is to be prevented
In the present study the hydroxyl radicals generated by the first reaction was prevented from oxidising
Ferrous ion by immobilising them in an electron rich meso porous carbon (RHAC) matrix. In addition to
act as a carrier ~ matrix RHAC also performs the following activities.
RHAC is an adsorbent for the adsorption of pollutants in wastewater to be oxidized . The hydroxyl
radicals and pollutants are accommodated at the proximate position onto the solid support so that
oxidation of pollutants take place at a faster rate. The oxidized product are desorbed and they can
diffuse to the bulk phase and the active sites of RHAC continue to adsorb hydroxyl radicals and there of
for further oxidation. Hence, rate of first and second steps are expected to be high. The figure
4illustrates the effect of RHAC for increasing the rate of reaction by preventing the deactivation of

ferrous ion.



The following reactions are expected to take place in the degradation of COD in salt laden wastewater

Fe*" + H,0,—> Fe'* + OH +HO® (k2) (D)
Fe'" +H,0, > Fe*" + H" + HO," (2)
Hydroxy radicals generation from molecular oxygen
-C(€w)+ 02 > -C(02")as

-C(h"p) + HyO > -C(OH®)ags + Hyg

C(02")ags + H'ag) = -C(HO,")ats

Hydroxy radicals generation from hydroperoxy radical

-C(HO;")ags + H' oy = -C(20H") s

Destruction of COD of wastewater

-C(h'y,) + (COD) = -C(COD")ys (7)
(COD®)ags
| — H,0 + CO,+-C*(h'y) + e (8)
-C(2OH®)gs
where
h'yw, - electron hole in the valence band
€s - electron in the conduction band

-C* - refers to the excited carbon active site

3)
4)
)

(6)



Effect of pH :

The effect of pH on Fentons oxidation of COD of salt laden wastewater was carried out in the pH range
25t07.0ata Fe*™ 15 mg/L and H,0, 0.04 mg/L . The percentage removal of COD was 81.25% and the
rate of removal was 6.9 x 102 hr "' at pH 3.5 and the parameters were respectively 48% and 2.8 x10 hr”
at pH 7.0. The figure 6 illustrates that the optimal range of pH for operating Fenton’s oxidation could be
3.0-3.5. This optimal pH range was supported by many of he researchers for oxidation of varied nature
of chemicals present in wastewater system. The efficiency of Fenton’s oxidation decreased with pH
which could be due to precipitation of Fe** by the available hydroxyl ions at high pH. In this form, irond
decomposes H,O, into oxygen and water and consequently the oxidation rate decreases because less
hydroxyl radicals are available. More over at high pH values the complexation of Fe*" as [Fe (II)
(H,0)6)*" is favoured which reacts more slowly with H,O, than [Fe (II) (OH) (H,0)s]*", thus producing
less amount of OH . The effect is reversed at low pH, the surplus hydrogen ions favor the back ward
reaction leading to increase in Fe’* concentration

Fe’ +H,0, > Fe-OOH> +H'

Therefore, the conversion of Fe’" to Fe?' is inhibited , and thus the concentration of Fe?" available for
generation of hydroxyl radical is retarded.

Effect of H,O, on Destruction on Dissolved Organics in wastewater

The variation of percentage removal of COD with time for various concentration of H,O, at constant
catalytic concentration is presented in fig . A 52% of COD was removed in 24 hours with out RHAC (it
was 69% with RHAC) on the application of H,O, at concentration 0.04ml /I to soak liquor, while it was
reduced to34% when H,O, was used at 0.06 ml/l, 0.02 ml/l of H,O, registered only 12% removal. Since

H,0, was performed as an initiator only, an optimum amount of 0.04 ml/l of H,O, was sufficient for the



oxidation of organics in soak wastewater. TOC removal was 31% for 0.04 ml of H,O, and 15% for
0.02ml/1 of H,O,. Percentage removal of TOC with time is shown in fig 7. Protein removal was 72% for
0.04ml/1 of H,O, and it was only 42% for 0.02ml/l of H,O,. The percentage removal of protein with
time was shown in fig at normal temperature.
Rate of removal of COD for different concentrations of H,O, at the fixed concentration of the catalyst
(Fe*") at 15 mg/l is given in table. Rate of removal of COD is 2.07 x 10™* min' for 0.04 ml/I of H,O, and
it decreased to 1.47 x 10™*min™' for 0.08 ml/l of H,O,. The reason for retarded rate of decomposition of
COD at high concentration of H202 is that the generated hydroxyl radicals form hydroxyl ions which
inturn helps to precipitate Fe’" ions . As a result of this the concentration of iron is depleted in the
system leading to decrease in the rate of removal of dissolved organics in wastewater. The above
sequence are in accordance with the following equation.

H,0, —HO® + HO®

Fe’* + HO® — > Fe" + OH

[Fe’] [OH] = K, Fe(OH);
In other words destruction of the catalyst took place at higher H,O, concentration, brownish yellow
precipitate was observed for doses beyond 0.04 ml/l. Hence, 0.04 ml/l of H,O, was considered to be an
optimum dosage because of poisoning of catalyst was not observed upto 0.04ml/1.

Effect of Dosage of catalyst

Rate of oxidation of COD at the constant dosage of H,O; (0.04ml/l) and varied catalyst concentration (5,

10, 15, 20 mg/l) are presented in figure 8. It was observed from the table that the rate of oxidation was



maximum at 15 mg/l of Fe*" and the rate decreased beyond 15 mg/l. This could be due to the fact that a
greater added dose of Fe** (for a given hydrogen peroxide concentration) accelerates the rate of
decomposition of the hydrogen peroxide by reaction 4, generating perhydroxyl radicals. Lower doses of
Fe®" favor the reaction to generate OH® that are more reactive than the HO," radicals. Beyond this
concentration ( 15 mg/l) destruction of the catalyst occur on account of instantaneous formation
hydroxyl ion in accordance with the following reaction

OH' +Fe’" — OH + Fe'" -(3)

This takes place at faster rate ( 3.2 x 10° M s™) than the formation of hydroxyl radical from Fe*" and
hydrogen peroxide ( 70 M s') . The reaction 3 forms the greater quantity of Fe(OH); nuclei on
exceeding the solubility product of ferric hydroxide (Ky). Hence, an optimum concentration of iron
catalyst for the removal of organics in soak liquor was selected as 15 mg/l. The variation of percentage
removal of TOC, COD and dissolved protein with time for various concentration of Fe*at constant H,0,

concentration are presented in Figure.

Treatment of soak liquor in RHAC packed bed reactor using Fenton’s reagent:

The coagulated-flocculated and Fenton reagent added SDW was applied at a surface loading rate of
1.46m°/m*/day and volumetric loading rate of 0.83 m’/m’/hr to the reactor packed with mesoporous
activated carbon. Table 2 reveals the characteristics of FACCO treated wastewater. The dissolved protein
was eliminated preferentially by about 94%. The BOD content of wastewater was reduced to 28 mg/I
and COD to 219 mg/l . The halophile content of wastewater was reduced considereably to a level of 200

CFU/ml.



4.0. SUMMARY AND CONCLUSION

The present investigation draws the following conclusion

1. The salt laden wastewater discharged from leather industries is less amenable to biological
treatment despite high BOD/COD ratio which is due to the presence of high salinity.

il. Primary clarification of wastewater removes suspended solids and less of dissolved organics

iil. Fenton’s reagent , a mixture of hydrogen peroxide and ferrous iron, is capable of releasing
hydroxy radicals which may take part in oxidation of dissolved organics in wastewater

iv. Fenton’s reagent added salt laden wastewater was further catalytically oxidized in meso
porous activated carbon packed column/

V. The oxidation of dissolved organics by Fenton’s reagent resulted in the percentage removal
of BOD, COD and Dissolved protein were 81.33 +9.06, 7

Vi. 8.58+15.27 and 88.13 + 8.98 respectively.
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Table 1. Characteristics of rice husk based activated carbon of sample C900

S.No Parameters Values
1 Carbon (%) 48.45
2 Hydrogen (%) 0.7

3 Nitrogen (%) 0.1

4 Others(%) 42.61

5 Bulk density (g/ml) 0.405
6 Surface Area (BET), m*/g 420

Table 2 : Effect of

H,0, on removal of Protein, COD and TOC at constant Ferrous ion Dosage

15mg/I
H,0, concentration Rate of Removal of Rate of Removal of Rate of Removal of
ml/1 (30% w/v) protein in min™' COD in min™' TOC in min-1
0.02 1.74x 10" 8.83x 107 496 x 107
0.04 6.33x 10™ 2.49x 10" 2.19 x 107
0.06 5.42x 10" 1.99 x 10™ 6.96 x 10™
0.08 3.22x10™ 1.47x 10" 4.19x 107

Table 3: Percentage removal of pollution parameters at different stges of treatment

Parameter Raw Clarifier % Sand filter | % CAACO % Cumulative
reduction reduction reduction % reduction

PH 7.82+0.6 5.8+0.9 5.89+0.8 7.06£0.2

Alkalinity/acidity 1071+243 326+£192 239+127 234+160

COD 22754327 1667+298 25.08+11.03 10474401 40.9£16.8 229+45 59.02+14.1 78.6+15.3

BOD 911£197 579+104 33.9+16.2 374+130 38.3£22.2 25+13 56.1+£11.6 81.449.1

Dissolved 7824362 4414240 51.7£17.5 3844230 15.8£18.9 18£11 71.9+19.3 88.1+8.98

Protein

TDS 19.9+3.99 18.6+£2.23 18.4+2.6 18.2+3.96

halophiles 44X 10° 1.6 X 10°
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Figure 1. Pore sirze disiribution in meso porous activated carbon



Figare 2. Seanning Electron Migragaph of Meso porous activated
curban
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