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Abstract

The aim of the study was to investigate enhancement in removal efficiency of
chromium (Cr) and lead (Pb) from leather tannery effluent using novel rotating
disk mesh electrode with minimal passivation and metal oxide layer on the
surface of electrode. The maximum removal efficiencies were as follows
chromium (Cr)=96 % and lead (Pb)= 98.8% achieved under operating conditions
of current density 19.73 mA/cm?,pH=7, RPM=160 and treatment time=90 min
obtained with Rotating Disk Mesh Electrode (RDME) as anode for
electrocoagulation. RDME was proved to be more efficient than conventional
Non-Rotating Disk Electrode (NRDE) and Rotating Disk Electrode (RDE) as
anode for electrocoagulation. Surface analysis of anode before and after
experiment was conducted using scanning electron microscopy (SEM) and
energy dispersive X-Ray Spectrometry (EDX). Inductively coupled plasma (ICP)
was used for analysis of Cr and Pb in tannery effluent before and after
experiment. SEM analysis shows there is less passivation and metal oxide layer
on surface of RDME compared with NRDE and RDE design for
electrocoagulation. EDX analysis revealed weight percentage of element on
surface of RDME as 10.45% oxygen, 0.31% Cr and 13.74 % Pb; NRDE shows
presence of 17.7 % oxygen, 1.90 % Cr and 15.10 % Pb; RDE shows elemental
weight percentage of 16.81 % oxygen, 1.51 % Cr and 14.03 % Pb after
electrocoagulation process. It has been deducted from EDX analysis that RDME
has lesser metal oxide layer on surface of electrode. The Langmuir and
Freundlich adsorption isotherm models were used for isotherm studies, and
pseudo first order, pseudo second order and intra particular diffusion model was
used for kinetic study. The results revealed that Langmuir adsorption isotherm
model fit experimental results well, and pseudo order kinetic model fit for kinetic
studies to data. Furthermore, the results proven novel RDME design as an
electrode design, having great potential for efficient electrode use for treatment
when compared to conventional electrodes.

Keywords: Nonrotating disk electrode, Passivation and specific energy consumption,
Rotating disk electrode.
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1.Introduction

Chromium (Cr) and lead (Pb) are two common heavy metals that are present in
various compounds used in tanneries and discharged into bodies of water without
sufficient treatment. Wastewater from different stages of tanning contains high
concentration of organic and inorganic substances causing pollution. The organic
and inorganic chemical used in hides processing to leather do not attach completely
with leather due to low efficiency of tanning process. This is fact that leather
industry wastewater is mixtures of various substances such as proteins, lipids,
sulphur, sulphate, chlorine, dyes, surfactants, natural tannin at high concentrations.
These pollutants have the potential to have a significant negative impact on the
environment, including air pollution, agriculture contamination, drinking water
contamination, marine life danger, and health problems like cancer and
neurological disorders [1].

Although it is challenging to treat this wastewater, various approaches have
been utilised in the past, including chemical precipitation [2], adsorption [3], micro-
emulsion, membrane separation, and biological process [4].The treatment of this
wastewater is difficult to achieve using conventional technologies. Conventional
processes are expensive and may lead to secondary pollution.

Electrochemical technologies are now used to clean wastewater that has a
complicated nature. The advantages of electrocoagulation, such as its simplicity,
dependability, cost-effectiveness, low sludge volume, ease of maintenance, and
environmental friendliness, have made this technology one of the most effective
electrochemical processes [5] and it has drawn interest for treating the wastewater from
leather tanneries [6]. Although passivation and the formation of metal oxide layers on
electrode surfaces are some of the limitations of electrocoagulation technology.

The author's main goal was to reduce these issues using a novel anode electrode
design for the electrocoagulation process and to enable a better selection of anode
electrode design for large-scale application. It has been determined from literature
different designs of electrode used as anode made from different materials for
electrocoagulation process but most of researcher has not focussed on treatment of
tannery effluent using RDME for electrocoagulation process.

The goal of this study was to use a novel RDME as an anode in the
electrocoagulation process to treat leather tannery effluent, enhancing the
effectiveness of chromium and lead removal while requiring less specific energy
consumption and producing less harmful sludge. The current study examines the
performance of removal and specific energy consumption of RDME design as
anode and compare with classical static electrodes as anode.

SEM and EDX were the instrumental techniques used to investigate the
electrode's performance through observing passivation and metal oxide layer on
surface of various electrodes physically and chemically. ICP was used to determine
the chromium and lead in tannery effluent before and after the experiment. The
removal performance of chromium and lead data was validated by renowned
Langmuir and Freundlich adsorption isotherm models and correlation coefficient
(R?) was used to see the relevance of model with experimental data. To study
kinetics pseudo first order, pseudo second order and intra particle diffusion model
were used.
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2. Material and Methods
2.1. Characterization and Collection of samples

The effluent sample was collected from combined channel for drainage of effluent
of various tanneries from Korangi industrial area Karachi Pakistan. The effluent
was collected in polyethylene bottle, and it was added with two to three drops of
nitric acid (HNOz3) for preservation of sample and stored in refrigerator at a
temperature 4 °C. The sample was analysed for Cr and Pb using ICP. pH and
electrical conductivity (EC) by PHS-3BW Microprocessor pH/mV/Temperature
meter. Biochemical Oxygen Demand (BOD), Total dissolved oxygen (TDS) and
Total suspended solids (TSS) by dilution method or standard method, 2540D and
2540C respectively as given in the Annual Book of Standard Methods for
Examination of Water and Wastewater. Chemical Oxygen Demand (COD) was
measured by closed reflux method (D1252-95, ASTM 1995) [7, 8]. The
characterization of Leather tannery effluent is shown in Table 1.

Table 1. Characterization of leather tannery effluent.
Quantity  Environmental quality standards

Parameter

(mg/L) EPA Pakistan limit (mg/L)
TDS 8450 3500
TSS 1370 400
pH 6.9 6.5-8.5
Chemical Oxygen
Demand (COD) Al A0y
chromium 120 1
lead 20 0.5
Sulphate 220.1 1000

2.2. Experimental assembly of rotating disk mesh electrode electro-
coagulation reactor

The electrocoagulation cell was constructed from acrylic material and is cylindrical
in shape, with a 6.5 cm diameter and a 22.5 cm height. It can store 1 L of wastewater
and Table 2 gives specific measurements of dimensions of electrocoagulation
reactor. The pH of the tannery wastewater was maintained using 2% sulfuric acid
(H2S0.) solution and 5% sodium hydroxide solution (NaOH). The electrodes
utilised were composed of iron material. After each experiment was completed, the
electrodes were cleaned with diluted 2% Hydrochloric acid (HCI) solution and de-
ionized water. To observe the passivation and metal oxide layer on surface of
electrode SEM and EDX was used. They were then dried at 105 °C in an oven
before being utilised for other studies. Each batch includes four plates in the
electrolytic reactor acting as the anode and cathode for NRDE reactor. For RDE
reactor and RDME reactor four disc electrodes were used. DC supply (TITAN
TN305D) was used having range of 0-30 V and 0-5 A. After 15 min, 10 ml of the
sample was removed from the electrocoagulation cell and filtered using filter paper
(Whatman no. 42) to separate the effluent from the sludge in order to observe the
removal performance of the electrodes [9]. By using ICP the filtrate concentration
for the removal of Pb and Cr was found. To eliminate the water, the filtrate's
remaining residue was dried in an oven at 105 "C. Detailed explanation of the
electrocoagulation experimental setup can be shown in Fig. 1.
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Low passivation, low metal oxide formation and maximum removal of
chromium and lead due to novel rotating disk mesh electrode

<

Real Leather Tannery Non Rotating disk  Rotating disk mesh
Wastewater Electrode Electrode
Electrocoagulation  Electrocoagulation

reactor reactor

Treated Water
Sludge

Fig. 1. Process flow diagram of experimental
setup for treatment of leather tannery effluent.

The removal efficiency, specific energy consumption and energy consumption
of chromium and lead was determined by Egs. (1) to (3) respectively [10]

Removal ef ficiency (%) = % x 100 [€h)

VIt
(Co — Co. v (2)

©)

where C, (mg/L) represents concentration of pollutant before electrocoagulation
and C.(mg/L) is concentration of pollutant after electrocoagulation, V (V) is voltage
and | (A) is current, v (m°) is volume of wastewater treated and t (h) is treatment time.

Specific energy consumption(kWh kg=tm™3) =

Vit
v

Energy consumption(kWh m™3) =

Table 2. Dimensions of electrocoagulation reactor.

Electrodes

Material (anode and cathode) Iron

Shape Circular (rotating disk and mesh electrodes) and
rectangular (for non-rotating)

Diameter of disk anode electrode 3.2cm

Size of nonrotating electrode 9.5cm x 0.6 cm x 0.4 cm

Plate arrangement Parallel

Effective one electrode Surface area 19 cm?
rectangular and disk

Thickness of anode electrode 3mm
Diameter of ring cathode 6.4 cm
Thickness of ring cathode 1mm
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Number of anode electrodes 4

Number of cathode electrode 4

Total Effective surface area 76 cm?
Reactor characteristics

Material Acrylic
Shape Cylindrical
Reactor Type Batch Mode
Dimension 22.5 cm height and 6.5 cm diameter
Volume 1L
Electrode gap 5cm

Power supply DC

Voltage 0-30 vV
Current 0-5A

2.3. Adsorption Isotherm and kinetic study

The cathode electrode releases hydroxide ions, which are combined with metal ions
produced by the anode electrode during the electrocoagulation process [11]. The
increase in removal percentage of Cr and Pb was due to increase of mass of
adsorbent by increase in current density. The adsorbent mass can be illustrated by
Eq. (4).
M X i X tgc

z X F (4)
where M is molecular mass of iron (55.8 g/mol), i is current in amperes (A), tgc iS
electrocoagulation time (seconds), z is number of electron transferred (z=2) and F
is faraday’s constant (96,487 C/mol).

m =

The amount of Cr and Pb adsorbed onto adsorbents was determined from Eqg. (5)
e =(Co— Ce) X v/ M 5)

where ge (mg/g) shows the amount of chromium and lead adsorbed on surface on
situ produced hydroxide of mass m (g), C, and C, shows initial and equilibrium
concentration of pollutant chromium and lead, v shows the volume (L) of treated
wastewater [12].

The separation factor of equilibrium parameter, R, was calculated by Eq. (6)
: (6)

- 1+ K1..Co

The separation factor or equilibrium curve R_ indicate the favourable, un
favourable adsorption and linear adsorption at R values 0 <R <1, R. > 1 and)
R.=1 respectively [13].

R,

The treatment of tannery wastewater is modelled using adsorption theory, Egs.
(7) and (8) reflect two well-known adsorption isotherm models, namely Langmuir
and Freundlich, which were applied in this investigation [14]

1 1 1

E_ Kp.qm-Ce + a (7)
1/n

ge = Kr X C, (8)
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where K. stands for the sorption Langmuir constant related with sorption free
energy and sorption of chromium and lead (L/mg), and Ce is equilibrium
concentration of chromium and lead in solution (mg/litre), gm is maximum amount
of chromium and lead adsorption per unit mass of sorbent (mg/g), whereas Kg
[(mg/g)/(L/mg)n, 1/n (dimensionless value 0-1) gives us information about active
sites, the smaller value of 1/n tell us about the presence of heterogeneous sites and
physical nature of adsorption [15, 16].

Pseudo first order, pseudo second order and intra particle diffusion is given by
Egs. (9) to (11) [13, 17, 18]

In(gqe — q:) = Ingq. — Kt )
o 1 kS

- i T w (10)
@ = Kpt'’? + y (11)

where t denotes the contact time (min), g: denotes the removal of chromium and
lead at that time (mg/g), K1 denotes the rate constant of the pseudo first order kinetic
model (min™?), K, denotes the rate constant of pseudo the second order kinetic
model (g/mg.min), and g. denotes the equilibrium adsorption capacity of ions
released from the iron. Langmuir and Freundlich adsorption isotherm model was
used to validate the experimental results.

3. Results and Discussion
3.1. Effect of rotating disk mesh electrode as anode on removal performance

The performance of NRDE, RDE was compared with RDME electrocoagulation
reactor (operating condition of pH=7, current density=19.27 mA/cm?, RPM=160
and material of electrode iron). The initial concentration of Cr and Pb were 120
mg/L and 20 mg/L, as given in Table. 1. The NRDE reactor decreases concentration
of Cr and Pb from 120 mg/L to 71.2 mg/L and 20 mg/L to 3.1 mg/L respectively
from leather tannery effluent at above mentioned operating conditions.

The RDE electrocoagulation reactor decrease concentration of Pb and Cr from
20 mg/L to 0.6 mg/L and chromium from 120 mg/L to 21.5 mg/L. The RDME
decrease Cr concentration from 120 mg/L to 4.8 and Pb from 20 mg/L to 0.24 mg/L.
It had been determined that removal efficiency of Cr for NRDE was 35.27 %, RDE
80.43% and RDME 96% during electrocoagulation process. The removal
efficiency of Pb for NRDE was 84.5 %, RDE was 97 % and RDME was 98.8% as
shown in Fig. 2. RDME has greater removal efficiency as compared with rotating
disk electrode because of greater surface area of contact with pollutant in effluent.

The efficiency of NRDE electrocoagulation reactor is less compared with RDE
and RDME electrocoagulation reactor because rotation of electrode will decrease
the passivation film, sloughs away metal oxide layer and sludge on surface of
electrode, turbulence in effluent causing to exert force on layer on surface of
electrode and proper diffusion of metal ions in tannery effluent. The same reason
for RDME having greater efficiency for treatment of textile wastewater using
electrocoagulation was also observed by Nippatla and Philip [10].

Wang et al. [19] also observed that aqueous film on coated surface of electrode
reduced by using RDME for treatment of electroplating wastewater. Since periodic
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cleaning of electrode is necessary to increase removal efficiency of pollutant by
electrocoagulation [20]. This action is performed by itself due to rotation of
electrode during electrocoagulation.
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Fig. 2. Cr and Pb removal of NRDE, RDE and RDME (operating conditions
pH=7, treatment time=90 min, current density= 19.27 mA/cm?, RPM=160).

The specific energy consumption requirement for NRDE was 347.96 kWh/kg
Crand 798.81 kWh/kg of Pb, RDE was 152.58 kWh/kg of Cr and 695.87 kWh/kg
Pb and RDME was 127.71 kWh/kg of Cr and 681.13 kWh/kg of Pb as shown in
Fig. 3. It was deducted from results that RDME is energy efficient electrode for
removing of Cr and Pb because of high removal efficiency in less time due to less
metal oxide and sludge layer on surface of electrode and maximum reaction of
metal ions released from electrode with Cr and Pb. Similar specific energy
consumption behaviour was observed by Nippatla (2021) for treatment of textile
industry waste using electrocoagulation.
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Fig. 3. Specific Energy consumption (SEC) from of NRDE,
RDE and RDME (operating conditions pH=7, treatment
time=90 min, current density= 19.27 mA/cm?, RPM=160).

3.2.Physical and chemical analysis surface of electrodes

It was observed from SEM analysis there is layer of sludge and oxide fouling film
on surface of all three electrodes NRDE, RDE and RDME. The metal oxide layer
on surface of RDME was less as compared with NRDE and RDE as shown Fig. 4
in SEM images and similar findings were obtained from EDX as shown in Figs. 5
to 7. Figure 7 shows there is 10.45% oxygen, 1.04% Cr and 14.74 % Pb elemental
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weight % after electrocoagulation experiment in case of RDME. At the same time
RDE and NRDE designs shows greater weight percentages of oxygen, Cr and Pb
compared with RDME design electrocoagulation process. From results of EDX it
can be deducted that there is less metal oxide layer on surface of RDME design of
electrocoagulation reactor than RDE and NRDE design for electrocoagulation.

Table 3. EDX analysis weight % of various elements on electrode surface.

RDME RDE NRDE
Element Weight % Element Weight % Element Wi}ght
Oxygen 10.45 Oxygen 16.81 Oxygen 17.7
Chromium 1.04 Chromium 1.21 Chromium 1.7
Lead 14.34 Lead 15.03 Lead 16.1
Sodium 12.29 Sodium 2.8 Sodium 0.8
Carbon 4.8 Carbon 5.2 Carbon 4.15
Iron 57.08 Iron 58.45 Iron 60.15
Total 100 Total 100 Total 100

Fig. 4. SEM analysis of electrodes (a) NRDE before experiment (b) NRDE
after experiment (c) RDE after experiment (d) RDME after experiment.

cps/eV.

Fig. 5. EDX analysis of NRDE (operating condition
pH=7, Current density=19.27 mA/cm?, RPM=160).

Journal of Engineering Science and Technology April 2024, Vol. 19(2)



Enhancement in Removal of Chromium and Lead from Tanning Process . . . . 413
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Fig. 6. EDX analysis of RDE (operating condition
pH=7, Current density=19.27 mA/cm?, RPM=160).
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Fig. 7. EDX analysis of RDME (operating condition
pH=7, Current density=19.27 mA/cm?, RPM=160).

3.3. Effect of reaction time on removal efficiency of electrodes

From Fig. 8, it is clear that the RDME removes Cr and Pb more effectively than
NRDE and RDE. Cr removal took 90 min to establish equilibrium, and Pb removal
took 15 min. Pb can be eliminated earlier during the electrocoagulation process
than Cr because Pb forms an insoluble iron hydroxide-complex. Compared to Cr,
which exits in +3 and +6 oxidation states and requires more negatively charged
metal hydroxide complex to destabilize from wastewater or has a high oxidation
state and small atomic radius, the iron electrode has a stronger affinity to remove
Pb in less time. Pb has a high atomic radius and +2 charge at the same time since
electrocoagulation is mainly dependent on reaction of metal released in form of
ions. So the Pb is removed in less time as compared with Cr. It was also observed
that removal performance of chromium and lead was greater in initial 15 min than
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it was decreased for Cr removal and remains constant for Pb. According to Faraday
law iron dissolution increases in wastewater with time [21]. Initially the electrode
has no or minimum external material on surface of electrode after that the formation
of layer on surface of electrode developed causing to decrease reaction of electrode
material with Cr and Pb [22].

100
wmmpume RDME for Cr
80 removal
° @l RDE for Pb removal
o
f_>ﬂ 60 NRDE for Cr removal
[=]
£ mtmm NRDE for Pb
& 40 removal
RDSE for Cr removal
20 RDME for Pb
removal
(RS

0 20 40 60 80 100
Treatment time (min)

Fig. 8. Effect of treatment time of NRDE electrocoagulation reactor, RDE
electrocoagulation reactor and RDME electrocoagulation reactor on Cr and Pb
removal (operating conditions pH=7, current density= 19.27 mA/cm?, RPM=160).

3.4. Comparison of previous studies with current study for treatment
of leather tannery effluent

The related studies for Cr and Pb detoxification from leather tannery wastewater
were compiled for removal efficiency and energy consumption requirement as
shown in Table 4. It was obtained from results that rotating disk mesh electrode
used in this study has appreciable removal performance of Cr=96% and Pb=98.8%
simultaneously within 90 min. In addition to energy requirement is one of the main
parameter for feasibility of electrocoagulation process and it was determined in this
study energy consumption requirement was 24.75 kWh/mé. Thus the results of
study revealed that rotating disk mesh iron electrode used in electrocoagulation has
the lowest energy consumption and maximum efficient removal of chromium and
lead compared with other studies.

Table 4. Comparison of removal performance
Cr and Pb with previous studies.

Pollutant
Operating removal and Energy
Initial Conc. of pollutant conditions final consumption  References
concentration  (KWh/md)
(mg/L)
Cr=50 mg/L, Pb=20 mg/L, Electrode material ~ Cr=55.2%, 24.96 [23]
pH=6.5,Conductivity=2.4 Aluminium, Pb=58.3%
mS/cm Volume of & Cr=224,
wastewater Pb=8.34

handled 1.4 dm?,
DC supply 0-30
volts, 0-5 A,
RPM=180,
treatment time=90
min and surface
area=272 cm?
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Cr=30 mg/L Electrode material  Cr=84.2% and 30 [24]
Aluminum,pH3, Cr=4.8
current density 40
mA/cm?,
Treatment time
=30 minutes,
capacity of reactor
0.7 L, surface area
60 cm?
Cr=7000 mg/L Electrode material ~ Cr=87% and 35 [25]
Aluminium plate Cr=910
electrode, Current
density 400A/m?,
6 h, surface area
=210 cm?
Cr=120 mg/L Electrode material ~ Cr=96 %, 24.75 This study
Pb=20 mg/L Iron, RDME, Pb=98.8%,
surface area 76 Cr=4.8
cm?, treatment Pb=0.24
time=90 min,
current
density=26.7
mA/cm?,initial
pH=7, RPM=160

3.5. Isotherm modelling study of rotating disk mesh electrocoagulation
(RDME) reactor

Electrocoagulation study was performed at fixed initial concentration of Cr and Pb
at known current densities amount of adsorbent dose was determined by Eq. (5). It
was observed from experiment that increases in adsorbent mass increases the
removal percentage of Cr and Pb as shown in Fig. 9.

100
80
X
'§ 60
g == Removal % Cr
E 4
&~ == Removal % Pb
20
0
0 0.5 1 1.5 2 2.5

Mass of adsorbent Fe(OH)2

Fig. 9. Removal % of Cr and Pb by rotating disk mesh electrode design v/s
mass of adsorbent (operating condition current density 26.57 mA/cm?, RPM=160,
treatment time=90 min, initial concentration of Cr=110 mg/L & Pb=20 mg/L).

The ability to anticipate and compare experimental and modelled adsorption
capacities, as well as to design the total adsorption ability of ferrous ions produced
from electrodes in the electrocoagulation process, is achieved through the
application of the adsorption isotherm models technique [14, 26, 27]. The
Langmuir isotherm told us about mechanism of monolayer adsorbate deposition on
generated hydroxide (coagulant/adsorbents) [28]. The equilibrium parameters gm
and K; can be calculated by slope and intercept of linear plot between 1/q. against
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1/Ce as illustrated by Eq. (6) [29]. The batch experimental data suit the popular
Langmuir and Freundlich isotherm models given by Eq. (7) and shown in Fig. 10(a)
to 10(d).

3 2.5
25 -9 y =1.6278x + 2.0473 ®
L d 2 - Cd
-, R?=0.937
2 [ 4 _-
@ - 15
— [ ) -0 —
o0 1.5 P 00
= 9 E
£ y = 0.6635x + 1.276 e~ 1 E
3 R?=0.979 o
el 05 | o
a0 0.5 : -y
9 =
()} o
0 1 2| -0.8 -0.6 -0.4 -0.2
(a) Log Ce (mg/L) (b) Log Ce (mg/L)
0.025 0.14
, y =0.0243x - 0.0129
0.02 ’ 012 R?=0.9857
5 ’ ™ 01 s
oo () .
S~ S~
% 0.015 [ o ’
0.08
E ’ E | 4
() / U
0.01 - 0.06 ’
E ,‘ y =0.0866x + 0.0019 E P
= R? = 0.9989 “ oo01 ,,
0.005 ’ ,
P 0.02
0 0 ‘
0 0.1 0.2 0.3 0 2 a 6
1/Ce (mg/L) 1/Ce (mg/L)
(© (d)

Fig. 10(a). Freundlich adsorption isotherm for Cr
(b) Freundlich adsorption isotherm for Pb (c) Langmuir adsorption
isotherm for Cr (d) Langmuir adsorption isotherm for Pb.

for the adsorption isotherm of Cr and Pb by iron material RDME. Table 5 both
Langmuir and Freundlich model parameters are shown K. (Langmuir constant),
1/n (dimensionless value), Ry, gm (maximum adsorption capacity) and K
(Freundlich constant). From the experimental data we determined that R? value of
Langmuir isotherm model was greater than Freundlich adsorption isotherm for
chromium and lead. Besides this, the experimental adsorption capacity was (Qexp=
283.5 mg/g) was very close Langmuir model calculated adsorption capacity
(QeLangmuir=310 mg/g) for Cr. From results it was deducted that R_=0.292 for Cr and
0.842 for Pb favourable adsorption occur during electrocoagulation process.
Though Langmuir closely resembles for Cr and Pb removal from Tannery effluent.
The Langmuir model was also proved to be appropriate for iron electrodes for
removal of Cr and Pb from tannery effluent.
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Table. 5 Adsorption isotherm model parameter
value for Cr and Pb removal by Electrocoagulation.

Parameters
[oI Ky for K. for
:;g’ﬂ;elrm (mglg) for Cr R? R ?r?]f?r)Pb Pb R? RL
Cr (L/mg) 98 (L/mg)
Langmuir ST 0021 099 %2 5000 DHIE O gy
mg/g 9 5 5
Ky for K; for Pb
1/n for 1/n for
. Cr(mg/g)/( R? (mg/g)/(L R?
Freundlich L/mg) Cr Imag) Pb
18.87 0.66 0.979 97.72 153 0.937

3.6.Kinetic study for removal of chromium and lead

There were a lot of initial large vacant sites on the adsorbent surface, a rapid rate
of adsorption was observed in the first 15 min of reaction time. Following that a
noticeable decline in adsorption rate was seen after 90 min of contact time,
equilibrium was attained. Due to the repulsive forces between Cr and Pb on the
surface and in solution, remaining vacant sites on the adsorbent surface are too
complicated to be filled once equilibrium has been attained. Pb and Cr can no
longer be absorbed in this way [30, 31]. In order to better understand the Kinetic
behaviour of Cr and Pb removal by ferrous ion as generated by
electrocoagulation, experimental data was modelled through pseudo first order as
shown in Figs. 11(a) to 11(d), pseudo second order as shown in Figs. 12(a) to
12(d) and intra particle diffusion model as shown in Figs. 13(a) to 13(d). The
electrocoagulation experiment's results that intra particle diffusion model
explains and validates the sorption process's mechanism. This procedure may
involve two or more successive steps which are as follows: (1) Film or surface
diffusion (2) adsorbate molecules moved into the interior of adsorbent particles
through intra-particle or pore diffusion (3) Adsorption occurred on the interior
sites of the adsorbent [12, 32], C is the intercept and kiq is the intra particle
diffusion rate (mg/gm.min*?2).

The values of experimental and calculated ge with R? and kinetic model
constants are presented in Table 6. It can be seen that the pseudo second order
kinetic model's estimated and experimental g values are adequate with R? values
of 0.99 for the elimination of Cr and 1 for Pb removal respectively. Hence pseudo
second order kinetic model was suitable for adsorption by electrocoagulation for
removal of Cr and Pb. The value of rate constant K,= 0.00548 g/mg.min for Cr and
K2=0.0864 g/mg.min for Cr, it indicates that rate of second order rate constant was
greater for Pb shows the adsorption at greater rate. It was determined that 90
minutes was suitable contact time after that adsorption reached equilibrium. Figures
13(a) and 13(b) show the plot of g; versus t¥2 for Cr removal and g versus t'2 for
Pb removal in Figs. 13(c) and 13(d) show experimental and calculated g: values
correlation by fitting experimental data in to intra particle diffusion model. The
plots presented was linear line with R?= 0.992 and 0.9597 for Cr and Pb
respectively. Figures 11(a) and 11(b) suggest that diffusion of Cr and Pb on surface
of adsorption was rate limiting step. However, the fact that the linear lines in both
cases did not pass through the origin demonstrates that the rates of Cr and Pb uptake
during the initial and end stages differ, indicating that adsorption is constrained by
additional kinetic models that might be active at the same time [29]. Additionally,
the thickness of the boundary layer between the adsorbate-adsorbent interfaces is
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estimated by the value of the diffusion layer boundary, which is determined to be
53.81 mg/g for Cr and 24.27 mg/g for Pb, respectively.

The rate constant Kiq value was found to be equal to 7.47 and 0.0688 for Cr and
Pb respectively. The larger the intercept the greater is the boundary layer effect
and the slower the rate [33].The larger value of Cr shows higher boundary layer
effect and low rate than lead and it was also shown from experimental results. From
the experimental results it was determined that 0.9>Ri>0.5 and 0.1< C/q<0.5
initial adsorption was in the intermediate stage [32], i.e., zone 2 for Cr removal and
for Pb removal is in complete initial adsorption, i.e., zone 4.
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Fig. 11(a). Pseudo First order kinetic model for Cr removal
(b) Pseudo First order kinetic model for Pb (c) Pseudo First order kinetic
model fitted to experimental data of Cr removal (d) Pseudo second order
kinetic model fitted to experimental data of Pb removal.

Table 6. Adsorption kinetic model constants
of Cr and Pb removal by electrocoagulation.

Kinetic models

Pseudo-first order kinetic model Pseudo-second order kinetic model
K>
EXp. Qe Cal. ge - 2 Cal. ge . 2
Parameters Ki(min R /mg.mi R
(mgg)  (mgg) ™) (mgig) (O
Cr removal 123.76 119.42 0.046 091 121.7 0.000581 0.994
Pb removal 24.95 24.65 0.058 0.97 24.95 0.088 0.999
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Fig. 12(a). Pseudo second order kinetic model for Cr removal
(b) Pseudo second order kinetic model for Pb removal (c) Pseudo second
order kinetic model fitted to experimental data for Cr removal (d) Pseudo
second order Kinetic model fitted to experimental data for Pb removal.
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Fig. 13. (a) Intra particle diffusion model for Cr removal
(b) Intra particle diffusion model for Pb removal(c) Intra particle
diffusion model fitted to experimental for Cr removal (d) Intra particle
diffusion fitted to experimental data for Pb removal.
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4.Conclusion

The passivation, metal oxide layer on surface of NRDE, RDE and RDME of iron
material was examined at pH=7, current density=19.57 mA/cm?, RPM=160 and
treatment time=90 min. It was determined from this study that RDME has less
passivation on electrode surface and maximum removal efficiency of Cr 96 % and
Pb 98.8% than other design of electrodes used in electrocoagulation process. This
result revealed that RDME is best electrode design for use in electrocoagulation of
leather tannery effluent at large scale application because of less passivation on
surface of electrode, less energy consumption and environment friendly than
conventional electrode design used in electrocoagulation process. It was calculated
using the correlation coefficient R? for Cr and Pb, which had values of 0.999 and
0.98, respectively and was well fitted with experimental data using the Langmuir
model. It demonstrates the mechanism of monolayer adsorption during
electrocoagulation on adsorbent produced from RDME. It was discovered that
experimental values have good agreement with the pseudo second order kinetic
model and Langmuir adsorption isotherm models.
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Nomenclatures

C Boundary layer thickness

Co Initial concentration of pollutant, mg/I
Cr Chromium

Ci Final concentration of pollutant, mg/I

| Current, Amp

K1 First order rate constant, min-1

Kz Second order rate constant, g/mg.min

Ke Freundlich constant, (mg/g)/(L/mg)

Kig Intra particle diffusion model rate constant
KL Langmuir constant, (L/mg)

m Adsorbent mass, g

Pb Lead

Qe Equilibrium adsorption capacity mg/gm
Om Maximum adsorption capacity, mg/gm
Qref solid phase concentration at time (t)=tref
oft Adsorption capacity at any time t, mg/gm
R Correlation coefficient

Ri Initial adsorption factor

RL Separation factor

t Treatment time, h

v Volume of wastewater treated, m3 and L
Abbreviations

ASTM American Society for testing materials
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EDX energy dispersive X-Ray Spectrometry
ICP Inductively coupled plasma

NRDE Non-Rotating Disk Electrode

RDE Rotating Disk Electrode

RDME  Rotating Disk Mesh Electrode

SEM Scanning electron microscopy
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