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Abstract— Electrocoagulation is one of methods used to treat wastewater in the coal stockpile without using coagulants.
Characteristics of wastewater observed are heavy metals (Fe and Mn) and pH. The decrease in the heavy metals content and the
increase in the pH of this wastewater treatment process will then be proposed in the adsorption kinetics model. The influence of
variations in currents and processing time were observed. The time variation of the adsorption process were 60 to 120 minutes with
current variations from 1.3 to 3.0 Ampere at a fixed 12 voltages. The results obtained that the Fe content could be decreased to 0.03
ppm at 90 minutes while the content of Mn was decreased to 0.01 ppm at the same time. The increase in pH (7.11) was achieved when
applying 2.5 A current at 90 minutes process time. The results obtained from the electrocoagulation method was then proposed in the
model of the Langmuir isotherm adsorption kinetics and Freundlich isotherm.
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The removal of pollutant is similar to conventional
[. INTRODUCTION adsorption except the generation of coagulants. The
Ielectrode consumption can be estimated according to

technology for the treatment of water and wastewater usegzar_adays La\_/v gnd th_e amount of flocks generated can be
an electrochemical cell, where a DC voltage is applied to theestlmated stoichiometrically. Since the amount of coagulant

electrodes corroded to generate a coagulant, and thé:fm be molde_lled hby_ adls%rlpnon r;hr?n(;)me_gon. During
electrolyte is usually water effluents. Electrocoagulation is €l€ctrocoagulation the insoluble metal hydroxides removes

an efficient treatment process for various type of wastes Sudpolllutr;nts gy surfacg gdsorpt|ond[7]ﬁ h I
as soluble olil, liquid from food, textile industries, cellulose In the adsorption it Is assumed that the pollutant can act as
and effluents from paper industry [1]. a liquid to bind a hydrous iron/Al in situ formed gelatinous

Electrocoagulation process has been Successfu"ypreupltate, it is further attempted to extend the adsorption

employed for colouring, heavy metals and COD removal of 'SOthe”T‘ models fo_r pollutant  removal by Langmuir,
industrial wastewater [2]. The electrocoagulation technique Freundlich and _T_emkln models [7,8,9,10]. .

has several advantages including the ability to deliver a The Langmuir isotherm assumes _monolayer deposition of
precise coagulant dose via control of the amount of app“edadsorbe_nt surfa_lce _(c_oagulant). It is well known that the
electrical current, easy automation, low energy requirement, -@ngmuir equation is intended for a homogeneous surface.

and the ability to destabilize, aggregate, and separate theh Thed Freu_ndlu_:h |so'Fherrrf1 'rsl an el;npmcal m((j)del drelagng
pollutant in a single state [3,4]. the adsorption intensity of the sorbent towards adsorbent.

The pollutant is generally adsorbed at the surface of theThe isotherm is adopted to describes reversible sorption and
flocks (coagulant) generated electrochemically. Critical not restricted to monolayer formation. The Temkin isotherm

analysis of the electrocoagulation of pollutants reveals thatd€scribes the  behaviour —of =~ adsorption system on

there are two separate processes taking place, i.e. [5,6]: ge:erogenet(r)]us s:{;rface. Tof allm tOf th'sl .?tudy was to
» Electrochemical process through which the metal he ermmet Ie per orrr:anc(;a to eeglrct)coagu”af]ton ptrrc])cesst_m
flocks are generated eavy metals removal and to predict a well fit mathematic

: : : models that describe the kinetics heavy metals removal from
* Physio-chemical process through which the effluent . .
coal stockpile wastewater by means of electrocoagulation
are adsorbed on the surface of the flocks. : : : . "
technique with various operating condition.

Electrocoagulation technique is an electrochemica
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Il. EXPERIMENTAL
A laboratory scale electrochemical set up made up of

A. Effect of Current Density and Process Time to

Degradation Content of Fe and Mn

glass beaker cell, electrodes and other accessories were Degradation of Fe and Mn content on current and process
arranged as in (Fig. 1). However, in each run, 1 litre of time variations are shown in Flg._l and Fig 2. Fig. 1 shown
sample was used to treat by electrocoagulation process. Twéhat the percentage of degradation Fe content rose as the

electrodes of aluminum with surface area of 4(.chhe

current and process time increased. The best results on

separation between the anode and the cathode was kept 1degradation of Fe metal concentration was at 2.5 A and 90
cm [11]. The solution in the reactor was stirred by a minutes process time and reached the equilibrium in 120
magnetic stirrer at rotating velocity of 100 rpm. Controlled minutes. The graphic also shown the degradation ranged
direct current was supplied by a DC power supply. The from 0.08 ppm - 0.03 ppm.

current was kept invariant in each test by a rheostat and
measured by an ammeter. The effect of coal stockpile
wastewater heavy metals removal efficiencies were studied
with different current densities. The electrical potential was
held constant for each run, being at 12 volts. The calculation
of Fe and Mn removal efficiencies after electrocoagulation
treatment were performed using the following formula [12]:

)

Co and C are
and after

Cr (%) = [(Co-C/Co] x 100

removal,
before

Where G is contaminant
concentrations  of  wastewater
electrocoagulation.

Several electrocoagulation batch experimental runs were
performed in the laboratory. Initially wastewater was
rigorously stirred for 10 minutes by stirrer for
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homOQeni_Zation of Sf_imp|e-_ Then a specific Cl_Jrrem densityFig. 2 . Decreased percentage of Fe content by electrocoagulation current
was applied for various time periods (ranging from 60 and process time variations
minutes to 120 minutes). Treated wastewater samples were

collected after settling for predetermined time to estimate the
effect of electrocoagulation treatment time on removal
efficiency heavy metals (Fe and Mn). The sample was
allowed to settle for 60 minutes after treatment so that the
flocks  (coagulates) that were formed  during
electrocoagulation may settle. In each experimental run,
after settling, about 50 mL supernatant sample was collectec
for laboratory analysis.

(XX,

Fig. 1 Scheme of experimental set

I1l. RESULTS ANDDISCUSSION
All experiments were carried out under potentiostatic
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Fig. 3 . Decreased percentage of Mn content by electrocoagulation current
and process time variations

Fig. 3 shown that by using electrocoagulation method, Mn
content had been decreased in coal stockpile wastewater.
The dereased of Mn concentration can be up to 99%. The
longer the process time the greater the decreased of Mn
metal concentration.

B. Kinetic Model

Kinetics study of reduced levels of Fe and Mn contents
proposed three models, namely: model of pseudo first order

condition Covering a range of e|ectrocoagu|ati0n processreaction kinetiCS, Langmuir isotherm of adsorption kinetiCS,

time of 60 to 120 minutes with current density variations
from 1.3 to 3.0 Ampere at a fixed 12 voltages.
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and Freundlich isotherm of adsorption kinetics.



C. First order pseudo kinetic model And the value for kinetic models are as follow:

First order reactions is a reaction in which the rate

- ' - TABLE Il
depends on reactan concentration that is exponentially by  KiNeTIcSMODEL VALUES FORADSORPTIONMN ONTO ALUMINA
number 1. Generally, first order reaction can be represented COAGULANT
by this equation: Current (A) K qe Rz
d 15A 0.0184 8.098765 0.8501
X
V=k(@-q)orV=— =k(a-q) ) 20A 0.0284 7.051852 0.5364
@t 25A 0.0191 5.807407 0.4444
Integral of the equation create equal: . . . . .
In (G- @) = -kt + In q 3) Fig. 4 and Fig. 5 yielded*Ralueqregression coefficient)

that stated the pseudo first order kinetic model is not suitable

Where qis the adsorbate concentration initially (mgd)L for Fe and Mn adsorption by mean of electrocoagulation.

q is adsorbate concentration adsorbed at time t (Hcahd - :
k represent first order reaction constant and t is reaction time"" Lang_m“!r |sothermadsorpt|on model o .
(minute). The linear curve can be drawn from Ig-(q) The liquid solid system of Langmuir isotherm adsorption

versus t. This first order kinetic models can be seen in Fig. 4equation is based on adsorption process equilibrium and

and Fig. 5. desorption of adsorbate on the solid surface. The Langmuir
equation model is stated as follows:

3.5

_ QbCs 4

3 Q= 150en “)

5 The linear form is:

2

2=l (5)

ge gn @

In (ge - qt)

Where ¢ is the amount of adsorbate adsorbed per mass
unit adsorbent (mg¥, Ce is concentration of the adsorbate
in equilibrium state (mg ), while Q and b are Langmuir
constant. The value of Q and b can be obtained from the
intercept and slope of Cetyersus Ce. Langmuir isotherm
adsorption kinetics can be seen in Fig. 6 and Fig. 7, the
constant values and?Ran be seen Table 3 and Table 4.
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Fig. 4. First order modelling of Fe electrocoagulation

The value to first order adsorption rate constants for each 0.05
current density are as follow:
0.04
TABLE | —_
KINETICSMODEL VALUES FORADSORPTIONFE ONTO ALUMINA =
COAGULANT 2 0.03
]
Current (A) K, ge R L o002
15A 0.0244 21.29383 0.8391 8
20A 0.0260 17.33333 0.8539 0.01 y = 0.0409x + 0.0065
25A 0.0247 14.56593 0.9284 R*=0.9903
0
25 0 0.2 0.4 0.6 0.8 1
2 +15A Ce (mg/l)
15 ] 1204
1 025A Fig. 6. Langmuir Fe — Adsorption Isotherm
__ 05
E’ 0 TABLE 1|
Z s 50 150 LANGMUIR ISOTHERMCONSTANTS FORFE ADSORPTION
£
1 R Constants Value
-15 0.9903 Q 24.44988
2 B 6.292308
25 n

t (min)

Fig.5. First order modelling of Mn electrocoagulation
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Ce/qe

TABLE IV
36

LANGMUIR ISOTHERMCONSTANTS FORMN ADSORPTION
R® constants Value 3.2
0.9997 Q 8.310468 . M
B 85.85714 24
y 2
0.06 v
£ y=0.2366x +3.0525 16
0.04 us
' 04
0.03 8
0.02 y =0.1202x+0.0014 2 15 1 035 0
R?=0.9997 In Ce
0.01
Fig. 8. Freundlich Fe — Adsorption Isotherm
0 2.15
0 0.1 0.2 0.3 0.4 0.5 21
Ce 2.05
Fig. 7 Langmuir Mn — Adsorption Isotherm ¥ =0.1092x+2.1362 2
o R*=10.9894 Lo
Based on the results obtained from graph between Ce/ge £ '19
versus Ce, Langmuir isotherm is best adsorption kinetic ~ o
compared to others. The regression coefficient closer to 1 1.85
means that the kinetic model is fit to the experiment data 18
produced. 175
E. Freundlich isotherm of adsorption kinetic . 3 , . - .

Freundlich isotherm is used to model the kinetics of
adsorption on heterogeneous adsorbent surface. The lineai
form of Freundlich equation is as follows:

In Ce
Fig. 9. Freundlich Mn — Adsorption Isotherm

_ 1in TABLE VI
Qe= KeC (8) FREUNDLICH ISOTHERMADSORPTIONCONSTANTS FORMN
where K- and n are Freundlich constants. Linear form of R? constants Value
Freundlich equation is stated in the equation: 0.9894 n 9.157509
1 Kf 8.9909
INg =INKeg +=1In G ©)
n
Krand n constants is the adsorption capacity and adsorption IV. CONCLUSIONS
intensity. K- and n values obtained from the intercept and | electrocoagulation of effluent coal stockpile

slope of the plot graph between logwersus log € _ wastewater, the percentage Fe and Mn removal is influenced
Based on the plot of In ge vs In Ce which is obtained apy the applied current density and process time. The
straight line with a slope 1/n and intercept In Kf. Freundlich percentage heavy metals removal increase with an increase
plot line for the adsorption Fe and Mn are shown in Fig. 8 jn the applied current density and process time for aluminum
and Fig. 9 and the result of straight-line plot are presented inglectrode. The electrocoagulation process was modeled
Table 5 and Table 6. From the resulting figure shows theysing adsorption isotherm kinetic and it has been observed
adsorption intensity value 1/n <1, it can be said adsorptionfrom the present investigation that Langmuir isotherm model
isotherm enough Freundlich good for adsorption kinetics match satisfactorily with the experimental results.
proposed. However, when compared with the results
obtained from the regression constant, kinetic the model
Langmuir adsorption isotherm is much better and greater
than Freundlich isotherms adsoption.
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