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Abstract

The potential of the novel electro-chlorination system assembled with graphite anodes for its application in drinking water supply
was explored. The process parameter optimization was carried out using response surface methodology (RSM) approach and the
optimal conditions for highest yield of active chlorine were arrived. The effect of the process variables were investigated using
Box-Behnken design. The experimentally observed results were correlated and integrated to derive a mathematical model. The
derived RSM model predicted active chlorine production was validated using various statistical parameters i.e., coefficient of
determination (R?), adjusted R? (Rzadj), and predicted R? (Rzpred). The experimental results were fitted well with the quadratic
model suggested by the software and the R* value obtained was 0.9828. The study concluded that active chlorine formation can
be optimized and modeled using RSM approach and can be effectively implemented.
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Introduction

Chlorination is one of the most extensively adopted practice
across the world to achieve pathogen-free drinking water. But
shipping of chlorine in the gaseous phase is coupled with
persistent health-related issues [1, 2]. Moreover, chlorine re-
acts with the natural organic matter (NOM) present in the
water and gives rise to the formation of harmful disinfection
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by-products (DBPs), which are reported to be carcinogenic
[3—-7]. To resolve these issues associated with the conventional
chlorination process, the water engineers are thinking of other
treatment alternatives for onsite generation of active chlorine
that would be regulated with optimized control on its dosing
[8]. Earlier studies have suggested that onsite chlorine gener-
ation system is one of the most competent alternatives due to
its effectiveness and environment-friendly handling from the
view point of safety and health-related issues to the associated
problems of chlorine [9]. Additionally it has been reported that
the DBP formation potential reduced to about 50% from elec-
trochemical modes of water treatment [10].

The raw water to be treated is forced to pass through an
electro-chlorination cell assembled with 12 electrodes through
which the desired voltage is supplied [11]. The electrochemical
cell performance efficiency is influenced by different parameters
among which electrode material plays the most imperative role.
Generally, dimensionally stable anodes (DSA) are the most
widely used in large-scale industrial productions of hypochlorite
[12]. Platinum and doped diamond electrodes are the other most
extensively used electrodes in addition to DSA [13, 14]. But the
formation of platinum oxide film at high anodic potentials re-
duces the platinum activity [15, 16]. Moreover, for industrial-
scale productions of sodium hypochlorite, these electrodes
choice are very expensive. The high cost of these electrodes also
adds to a higher capital cost which is still one of the unsettled
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barriers for its widespread application in the water treatment
industry. Graphite was chosen in this study as a choice of elec-
trode material because of its inexpensiveness in contrast with
commercially available costly metals [17, 18]. Earlier studies
have reported that coating carbon-based materials with noble
materials is a viable and cost-effective way for decreasing the
raw material cost [19, 20]. Thus, prevailing studies on coating
with metal alloys has marked the beginning of a new era in
fabricating cost-efficient electrodes and has thereby attracted a
great deal of attention [21].

From the view point of the above limiting issues, a research
study is undertaken with the objective of optimizing a novel
electro-chlorination process assembled with cheap graphite
electrodes to assess its potential towards active chlorine gen-
eration for disinfection purpose [22]. Optimization of this
electro-chlorination system settle on optimal values for pro-
cess parameters such as current density, chloride concentra-
tion, electrolysis time, and pH in order to improve the disin-
fection efficiency, reduce the raw material cost, and thereby
lessen the formation of carcinogenic DBPs. The current effi-
ciency and power consumption by the electro-chlorination
system was considered in this study.

Designs of experiment (DOE) methods are the most readily
used optimization process which includes response surface
methodology (RSM), factorial design, and mixture design
which has been taken up in the present study. RSM is an
assortment of various statistical and mathematical methods
which are helpful for improving, developing, and optimizing
a process. RSM is beneficial for reducing the number of ex-
perimental trials and useful for evaluating the interactions be-
tween the various process parameters [23—27]. RSM has been
used for the first time, for optimization of the process param-
eters in a novel electro-chlorination system designed for onsite
drinking water treatment. RSM only takes into consideration
the effects of the operational parameters on the removal pro-
cess [25, 28, 29]. In the previous studies, RSM has also been
used to optimize the electrochemical treatment of industrial
paint wastewater, textile dye wastewater, electrochemical re-
moval of mercury ions from wastewater, sodium from
fermented food composts, chromium from industrial waste-
water, and chromium contaminated waters [30-36].

The linear, quadratic, and the interaction effects of the pro-
cess parameters on the response were scrutinized with the help
of empirical models built using RSM as described in [27,
37-39]. The main objective of the study include the explora-
tion of the interaction of the focal effects, current density,
chloride concentration, electrolysis time, and pH on efficient
active chlorine productions used for onsite drinking water
disinfection. The statistical competence of the developed
models was further validated using analysis of variance
(ANOVA). The model fit results were used to develop the
model equation for any unique combination of the process
factor levels for efficient active chlorine productions. The
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obtained optimal values of the process factors were further
validated for comparison of active chlorine produced as sug-
gested by the RSM model and as obtained by the experimental
procedure.

Materials and methods
Laboratory-scale reactor setup

An electrochemical cell was constructed with transparent poly
(methyl methacrylate) material. The cell consisted of six
graphite anodes and six stainless steel cathodes and the corre-
sponding surface area of a single anode and cathode was 32.97
and 24.78 cm?, respectively. A DC power supply was used to
provide a constant current source. Sampling ports were placed
alongside the height of the column for water analysis. Before
the inception of every experiment, the electrochemical cell
was thoroughly cleansed with deionized water. The experi-
ments were carried out in a batch mode where the raw water
was continuously electrolyzed for 50 min. All the experiments
were performed at room temperature that was maintained at
25 °C. A schematic illustration of the experimental setup is
shown in Fig. 1.

The tap water supplied at the consumer’s end in IIT(ISM)
campus was simulated by adding chloride salts. Varying
amounts of reagent-grade sodium chloride salts were used
for preparation of sample water. The electrolysis experiments
were carried out at different concentrations of chloride ions,
the range of chloride concentration varying from 0 to 50 mg/1
respectively. Elevated concentration levels of chloride ions
was avoided keeping in view for reducing the raw material
cost of procuring reagent grade salts.

Experimental design and optimization of process
parameters

The concurrent productions of active chlorine using the de-
signed electro-chlorination system were optimized via RSM
packages in Design Expert 9 (USA). The experimental runs
were designed in agreement with the Box-Behnken design with
bounds of four process parameters. The four independent pro-
cess parameters were coded at four levels between — 1 and + 1,
where the respective process parameters namely current density
(A), chloride concentration (B), electrolysis time (C), and pH
(D) were evaluated in the range of 0.1-3 mA/cm?, 10-50 mg/I,
10-30 min, and 7-10 respectively. An earlier experiment was
done in continuation of the present investigation for determin-
ing the range of values of the necessary process factors (A, B,
C, D) in accordance with literatures. The independent process
factor variables along with their coded levels are shown in
Table 1. The experimental design runs of Box-Behnken design
along with their responses are shown in Table 2. The first four
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Fig. 1 A schematic illustration of

the electro-chlorination reactor
assembled with six graphite
anodes and six stainless steel
cathodes

Graphite anode

columns designate the number of runs and the various experi-
mental combinations as arranged by the Box-Behnken design.
The process performance was evaluated by analyzing the active
chlorine production by the electro-chlorination system. The
total experimental runs were 30 and were carried out in ran-
domized order on the basis of requirement as carried out in
many design procedures. Second-order models were used for
correlating the response with the process factors. Quadratic
response surface designs or such second-order models are cus-
tomarily stated as [37, 40, 41]:

y="Bo+ X Bixi+ Y Biixi x xi+ ¥, YBixi xx (1)

where y represents the expected response; 3o represents the
intercept or the constant regression coefficient; i and Bii rep-
resents the linear and pure quadratic regression coefficients,
respectively, referring to coded independent process factor xi;
while fij indicates the interaction coefficient in relation to the
coded factors xi and xj. Least squares estimation was used for
determining the regression coefficients; multiple linear regres-
sion (MLR) analysis was used for statistically formulating the
quadratic response surface models [23].

Stainless steel
cathode

ANOVA technique was used for statistically investigating
the competence of the fitted second-order models [24]. The
ANOVA technique mathematically divides the total variation
obtained within the experimental results into two primary sec-
tions namely (a) treatment variation concerning to the vari-
ance in the process response because of the computed regres-
sion or model and (b) inexplicable or uncontrolled variation
relating to the variance arising in the measurements because of
the experimental error [40]. The variance ratio, i.e., the ratio of
the mean square due to regression or treatment effects to the
mean square due to experimental error or residual is generally
termed as the F ratio; thus, at a particular confidence level
(95% confidence level, in the present case), a model term is
considered significant if the corresponding F' statistic level
surpasses the computed critical F value [40, 42]. Other ways
for estimating the significance of the model terms is by using
the P value test statistic; if a P value is less than 0.05, it implies
that the corresponding model term, or in other words, its as-
sociated coefficients are significant [40, 42].

For the optimization process, a section in the software mod-
el looked for different combinations in the process factor

Table 1 Design variables with the practical ranges in terms of actual and coded levels in the Box-Behnken design (BBD)

Factor ~ Name Units Type Subtype Minimum  Maximum  Coded Values Mean  Std. Dev.
A Current density ~ mA/cm®  Numeric ~ Continuous 0.1 3 -1.0=0.1 1.0=3 1.55 0.95

B Chlorides mg/l Numeric ~ Continuous 10 50 -1.0=10 1.0=50 30 13.1

C Time minutes Numeric  Continuous 10 30 -1.0=10 1.0=30 20 6.55

D pH Numeric ~ Continuous 7 10 -1.0=7 1.0=10 85 0.98
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Table 2 The experimental design matrix with the response values of
active chlorine

Run Current Chlorides Time pH Response
no. density (mg/l) (minutes) (mg/l)
(mA/cm?)
1. 1.35 30 20 8.5 1.35
2. 1.55 20 30 7.0 1.2
3. 1.55 20 50 8.5 1.8
4. 1.55 30 40 8.5 1.7
5. 1.35 30 20 7.0 1.25
6. 3 50 10 100 1.2
7. 3 50 10 7.0 1.1
8. 3 10 10 7.0 0.25
9. 1.55 30 20 8.5 1.35
10. 3 10 30 10.0 0.75
11. 3 10 30 7.0 0.6
12. 0.1 50 30 7.0 0.5
13. 0.1 10 10 100  0.25
14. 0.1 10 30 10.0 035
15. 0.1 10 10 7.0 0.25
16. 1.35 30 20 7.0 1.2
17. 1.55 10 10 7.0 0.25
18. 3 30 10 8.5 1.1
19. 3 30 20 8.5 2.1
20. 2.5 10 10 7.0 0.35
21. 2.5 20 20 8.5 1.8
22. 2.5 30 30 100 2.0
23. 2.5 50 20 8.5 2.15
24. 2.5 50 10 8.5 1.8
25. 1.85 20 30 7.0 1.4
26. 1.85 20 50 8.5 1.8
27. 1.85 30 40 8.5 1.9
28. 1.35 30 10 7.0 0.45
29. 1.35 30 30 7.0 1.3
30. 1.35 30 30 8.5 1.4

levels that simultaneously satisfy the desired necessities on
each of the factors and the corresponding responses. The de-
sired response was set as maximum for active chlorine pro-
ductions that is required for onsite drinking water disinfection.

Analytical methods

Argeno-titrimetric method (method no. 4500 CI" B) and the
N-diethyl-p-phenylenediamine (DPD) ferrous titrimetric
method (method no. 4500-Cl F) was used for determining
the concentration of the dissolved chloride ions and active
chlorine, respectively, where DPD is used as an indicator with
ferrous ammonium sulfate (FAS) as the titrant, as described in
standard methods [43]. The pH of the solution was buffered to
a slightly alkaline range (pH 8.5+0.5). The reagents were
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procured from Merck, Germany. All the experiments were
performed at room temperature.

Estimation of power consumption and current
efficiency

The active chlorine formation during electro-chlorination was
carried out by a process of two electron transfer. Current effi-
ciency, CE (%) and power consumption (Wh/g) was calculat-
ed as per the following formulas [44]:

Vol x ACxnx F

CE (%) = ixt

x 100% (2)

_E><i><t>< 1
" Vol x AC ~ 71 x 3600

Power consumption (W?h> (3)
where Vol is the solution volume in liters, AC is the differ-
ence in the active chlorine concentration (M), n is the number
of electrons involved in the chlorine formation reaction, F is
Faraday’s constant (96,485 C/mol), i is the applied current in
amperes, and ¢ is the electrolysis time in seconds.

Quality control and precisions

The analysis of the samples was carried out in triplicate for the
precision of the measurements undertaken. The difference in
values between two samples was analyzed and cross-verified.
When the relative percentage difference (RPD) between two
parallel samples surpassed more than 5%, the samples were
re-analyzed again. The final value was taken as the average
value of all the three readings.

Results and discussions

Effects of various operational parameters
on the performance of reactor

The key effects and the interaction effects of the process fac-
tors on the response, namely active chlorine formation, were
appraised using suitable response surface (RS) plots, wherein
the variations in the response as functions of two independent
process factors were delineated, keeping the other two process
factors at their respective central levels [42]. These plots are
exhibited in Fig. 2. Thus, the RS plots shown in Fig. 2 expli-
cate the variations in active chlorine formation as functions of
current density (A) and chlorides (B), A and time (C), A and
pH (D), B and C, B and D, and C and D, respectively.

Effect of current density and chloride concentration

The influence of current density and chloride concentration on
active chlorine formation are plotted in Fig. 2a. It was found
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Fig. 2 Response surface plots for elucidating the impacts of various process parameters on active chlorine formation

that, there was a progressive increase in the active chlorine
formation with the sequential increase in both current
density and chloride concentration. Experiments were
carried out in the laboratory scale at a range of lower
current densities varying from 0.1 to 2.5 mA/cm?® The
formation of active chlorine was seen to vary propor-
tionally till 2.5 mA/cm®. Surprisingly, it was observed
that the chloride conversion rate decreased with the fur-
ther increment in current density beyond 2.5 mA/cm?.
This may be explained due to the fact that high current
density corrodes graphite electrodes [45]. Moreover, in
the earlier studies, it was confirmed that formation of
harmful by-products occurs at high current density

conditions [45—47]. Earlier researchers have reported
that high current density leads to increased formation
of inorganic by-products due to higher concentration of
ozone [48]. Moreover, the current efficiency falls with
the augment in current density [44, 47]. So, in the pres-
ent study, all the experiments were carried out at a range of
lower current densities in order to enhance the current
efficiency and prevent the formation of harmful by-
products. The active chlorine production rate increased
proportionally by augmenting chloride concentration
levels in electrolyte as shown in Fig. 2a. Some early
researchers have reported that the active chlorine forma-
tion increases with the increase in chloride concentration
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[14, 45, 49, 50]. But in the present study, the experi-
ments were carried out at low levels of chloride con-
centration, in order to achieve economically attractive
cost.

Effect of current density and electrolysis time

It is seen from Fig. 2b that the active chlorine formation
amplified with the increase in current density and elec-
trolysis time. But from Fig. 2b, it can be concluded that
the current density plays a more noteworthy effect than
electrolysis time in the onsite water disinfection process.
The total chlorine formation was found to be increased
proportionally with electrolysis time in Fig. 2b, d, f. It
was found that at an electrolysis time of 30 min and a
maximum chloride conversion of 57.3% was attained,
whereas a conversion rate of 28.3 and 41% was ob-
served at 10 and 20 min, respectively. The results of
present investigation is in agreement with the earlier
studies where it has been reported that maximum
amount of active chlorine was 1.2 mg/l in 1 h with

2H,0 +2¢° <—=>H, +20H"

platinum mesh anodes from an electrolyte concentration
of 0.01 M NaCl [51]. In other research works, it was
reported that maximum amount of active chlorine ap-
proximately 1.65 mg/l was produced in 30 min from
less than 10 mg/l of chloride ions [52]. In the present
study, the electrolysis was carried out for 50 min be-
cause it has been found that beyond an electrolysis time
of 30 min, there was a fall in the current efficiency, and
intense oxygen evolution was seen to occur.

Effect of current density and pH

As can be seen in Fig. 2¢, pH has a negligible effect in
comparison to current density for the optimal produc-
tions of active chlorine. In the earlier works carried
out by Kodera et al. [17], it was proved that the peak
current augmented with a change in pH to a slightly
alkaline range. But after the completion of the overall
electrolysis reaction, the pH change remained unaltered
due to the neutralization effect.

E°=-0.7828 Volts (3)

The formation of oxidation by-products, i.e., chlorate were
minimal under alkaline pH conditions [53]. Thus, it can be
concluded that in comparison to pH, current density has a
much more driving force on the response.

Effect of chlorides, electrolysis time, and pH

It is observed from Figs 2d, e that active chlorine formation
depends more on chloride concentration in comparison to
electrolysis time and pH. But as illustrated in Fig. 2f, electrol-
ysis time has a slightly more significant effect as compared to
pH in the formation of active chlorine. Thus, it can be con-
cluded that current density, chloride concentration, and the
electrolysis time are the vital significant factors and with a
judicious selection of the upper and lower limits of the process
parameter levels, sufficient amount of active chlorine can be
produced effectively in an onsite electro-chlorination system.

Optimization of the experimental conditions
Instantaneous active chlorine productions were conducted for

obtaining the optimum process factor conditions for maxi-
mized response using the Design Expert® 9.0.10, by the
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use of the respective models in Eq. (5). The upper limit of
the process parameters was judiciously selected for reducing
time, cost, and electrical energy consumption. The optimiza-
tion program was used for setting the highest desirability and
then different numerical combinations were looked for, max-
imizing the model functions. The optimization results are
depicted in Figs. 3 and 4 which shows that the optimized
conditions for maximized responses were obtained at a cur-
rent density of 2.064 mA/cm?, chloride concentration of
43 mg/l, electrolysis time of 21 min, and at a pH of 8.59,
respectively. These combinations were obtained at a desirabil-
ity of 1.000. At the optimized conditions, active chlorine
formation of 2.22 mg/l was predicted using the model Eq.
(5). The obtained optimum conditions were further validated
by an additional experiment that was performed to corrobo-
rate the active chlorine concentration. This confirmatory run
validated the accuracy of the model showing an active chlo-
rine concentration of 2.15 mg/l as compared with the respec-
tive value of 2.22 mg/1 that was obtained using the model Eq.
(5). Thus, the experimentally determined response levels
conformed satisfactorily with the model assumed theoretical
values thereby corroborating the correctness and precision of
the response surface models.
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Fig. 3 Elucidating the various numerical combinations of the process factors namely a current density, b chlorides, ¢ electrolysis time, and d pH for

optimized active chlorine formation

Performance analysis of electro-chlorination cell

Electro-chlorination is considered as an energy driving
process, so the current efficiency and power consump-
tion for treating 3 1 of water on a laboratory scale was
calculated. It was found that for an active chlorine for-
mation of 2.22 mg/l at a chloride concentration of
43 mg/l, current density of 2.064 mA/cm?, electrolysis
time of 21 min, and at a pH of 8.5, the CE (%) and
power consumption of the designed electro-chlorination
system was 68.9% and 6.572 (Wh/g), respectively. The
appreciable CE (%) and low-power consumption can be
explained by the phenomena that effect of low current
density (2.064 mA/cm?®) in our experiments, decreased

the power consumption and enhanced the current effi-
ciency by hindering highly aggressive reactions like
evolution of oxygen that spontaneously takes place at
high current and voltage conditions [44].

Development and analysis of response surface
models

Response surface designs were tailored to fit the exper-
imental results obtained from the design runs conducted
apropos of the configured Box-Behnken design. This
resulted to an equation (Eq. 5) in coded forms, where,
A, B, C, and D represented current density, chloride
concentration, electrolysis time, and pH. Accordingly,

25 25
y=0.033x+ 0.521
R?=0.920
= 2 2
E =
E
215 152
s s
5 5
e 1 1 8
L
£ 8
05 05
0 o
0 10 20 30 40 50 60
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T Se—e———p
2 /g /~ 2
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S // E;
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2 / £
s // 5
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H g/ §
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0 0

0 5 100 15 20 25 30 35
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Fig. 4 Effect of chloride concentration and electrolysis time on response
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the response, i.e., formation of active chlorine (Y) can
be computed using Eq. (5):

Ln(Y)=043+A %071 +Bx 050+ C x0.17+D
% 0.032 +AB x 0.016-AC x 0.062-AD
% 0.15-BC x 0.059 + BD x 0.014—CD
x 0.012—A% x 0.67-B* x 0.33—C*

x 0.14—D? x 0.032 (5)

The analysis of variance (ANOVA) results obtained for the
formation of active chlorine are summarized in Table 3. The '
statistic values corresponding to the formation of active chlo-
rine was 57 clearly indicating that the model is statistically
significant. In this case A, B, C, AD, A2, B%, and C? are the
significant model terms with a P value less than 0.05. Values
that are greater than 0.1000 indicates that the model terms are
not significant. The precision warranted by the quadratic
models and the statistical adequacy of their fit were further
confirmed using other statistical parameters, such as coeffi-
cient of determination or R?, adjusted R” statistic (R”adj), pre-
dicted R* (Rzpred), coefficient of variation (CV %), standard
deviation (Std. dev.), and adequate precision “Adeq
Precision” [37]. The values of these model statistics are listed
in Table 4. The “Predicted R* value” of 0.9278 is in reason-
able agreement with the “Adj R? value” of 0.9655; i.e., the

Table 4 Model statistics belonging to each of the developed quadratic
response surface models

Values for formation of active
chlorine-based model

Statistical parameters

R? 0.9828
Adj. R? 0.9655
Pred. R? 0.9278
Std. dev. 0.13

Adeq. precision 26.491

difference is less than 0.2. “Adeq Precision” specifically mea-
sures the signal to noise ratio. A ratio greater than 4 is desir-
able. In the present study, a ratio of 26.491 indicates an ade-
quate signal that can be used for navigating the design space.
Actual values shown in Fig. 5 are the measured response for a
run assembled by Box-Behnken design and the predicted re-
sponse values evaluate the models and are produced by using
the approximate functions. The values of the correlation coef-
ficient R? and Rzadj , were obtained as 0.9828 and 0.9655 for
active chlorine formations. The normal % probability versus
externally studentized residual graphs for response active
chlorine (mg/1) yielded moderately straight lines (Fig. 6), thus
showing normal distribution of the data. Normal distribution
was indicated in the residual plots and there was no visible
problem with normality.

Table 3 ANOVA analysis of
quadratic response surface model

Analysis of variance table [partial sum of squares—type 11I]

for active chlorine prediction

Source Sum of squares df Mean F value P value Remarks
Square Prob > F
Model 12.83 14 0.92 57.00 <0.0001 Significant
A Current density 5.98 1 5.98 371.81 <0.0001
B Chlorides 3.02 1 3.02 188.14 <0.0001
C Time 0.35 1 0.35 21.73 0.0004
D PH 0.012 1 0.012 0.76 0.3986
AB 1.041E-003 1 1.041E-003 0.065 0.8028
AC 0.015 1 0.015 0.95 0.3468
AD 0.090 1 0.090 5.59 0.0330
BC 0.014 1 0.014 0.86 0.3686
BD 8.168E-004 1 8.168E-004 0.051 0.8249
CD 5.323E-004 1 5.323E-004 0.033 0.8582
A? 2.95 1 2.95 183.45 <0.0001
B’ 0.72 1 0.72 44.53 <0.0001
c 0.13 1 0.13 8.19 0.0126
D’ 6.456E-003 1 6.456E-003 0.40 0.5364
Residual 0.23 14 0.016
Lack of fit 0.14 10 0.014
Pure error 0.084 4 0.021
Cor total 13.05 28
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Fig. 5 Graphical representation of predicted and observed active chlorine formation (mg/1)

Validation of the model

A t test is a statistical hypothesis test in which the test
statistic follows a student’s ¢ distribution under the null
hypothesis. The test is used for determining the signif-
icant differences between two sets of data. In a null
hypothesis, we consider that the set A is statistically

equal to the set B. A ¢ test was performed to determine
the bias trend of the model. The f, (0.190) for the
model was less than the 7. (2.04) indicating that the
model biasness is insignificant. It may thus be conclud-
ed that the model developed is significant since the
observed values are statistically equal to the predicted
values (Table 5).

Design-Expert® Software .
Ln(AC) Normal Plot of Residuals
Color points by value of
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Fig. 6 Normal % probability versus externally studentized residuals
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Table 5 Validation statistics of the quadratic model

Parameters Observed Predicted
Sample size 16 16
Mean 1.2937 1.2606
Standard deviation 0.4901 0.4938
Variance 0.24 0.2438
Standard error 0.052 0.053
Degrees of freedom 30

t critical value 2.04

t stat value 0.190

Conclusions

The optimization of active chlorine productions in a novel
electro-chlorination system was deliberated for examining
the efficacy and economy of onsite drinking water disinfection
in the water supply system. The study was carried out with
cheap, easily affordable graphite anodes and stainless steel
cathodes. The process parameters governing efficient active
chlorine productions were thoroughly evaluated and statisti-
cally optimized using consistent, flexible empirical models
laid down by RSM. The empirical models developed by
Design Expert 9.0.10 software for active chlorine productions
satisfactorily fitted with the experimental observed values.
The statistically optimized process parameter settings offered
appreciable active chlorine productions of 2.22 mg/I at a chlo-
ride concentration of 42 mg/l in the electrolyte. The experi-
mentally determined response levels conform satisfactorily
with the model assumed theoretical values thereby corrobo-
rating the correctness and precision of the developed response
surface models. Optimization of the process deliberated that
active chlorine formation was found to be dependent on cur-
rent density, electrolysis time and chloride levels in the water.
The present investigation addresses a new outlook of the
onsite electro-chlorination system with easily affordable
graphite anodes where the salt requirement will be reduced
significantly, and hence could serve as effective alternative
drinking water disinfection means for onsite active chlorine
productions.
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