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USING FLOCCULATION TECHNIQUE 

Article Highlights 
• A novel combination of coagulant (FeCl3) and bioflocculant (potato starch) was used for 

dye removal 
• Experiments were conducted according to factorial design (L16) using a jar test 

apparatus 
• Residual dye concentration was depicted by the reduction in absorbance at each set 

of conditions 
• An adequate level of dye reduction, i.e. 85 % was observed under the best conditions 

of study 
• The dosage of flocculant, potato starch, was found to be the most significant 

parameter 
 
Abstract 

Due to inefficient dyeing procedures in a typical dye industry, a large quantity of 
dye spills out into the wastewater, polluting it and causing serious harm to the 
environment. Consequently, special attention was focused on the use of a novel 
combination of a coagulant and a flocculant. As potato starch has already proved 
its strength as a bioflocculant, a combination of potato starch with iron(III) 
chloride as a coagulant was tested in order to achieve favorable results of dye 
reduction in simulated wastewater. The effect of various parameters on dye 
removal was investigated, like dosage of flocculant, temperature of treatment 
and flocculation time. Batch experimentation mode was adopted for the 
flocculation process, using a jar test apparatus. A mixed level parametric design 
(L16) was employed for experimentation. The orthogonal tests revealed that the 
best operating parameters were: 2% of potato starch, 60 °C and 20 min of 
flocculation time. Furthermore, the significant factor test was performed using 
Minitab-17 from where the dosage of potato starch was proven to be the most 
significant factor. The study successfully raised dye removal efficiency up to 85% 
using a novel coagulant-flocculant combination. Finally, the results were com-
pared with existing literature. 

Keywords: ANOVA, iron chloride, potato starch, residual reactive dye, 
significance factor. 

 
 

Industries such as textile, food and cosmetic 
industries use dyes and pigments to color their pro-
ducts. Due to low fixation of dyes, 15-20% of the dyes 
used in these industries are lost in the dyeing process 
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[1]. As a result, textile wastewater is opulent in dyes, 
chemicals and heavy metals that are non-biodegrad-
able and pose severe threats to aquatic environment 
and public health, if not treated appropriately [2]. The 
existence of dyes in wastewater is not only aesthe-
tically unpleasant but also hinders light penetration, 
disturbing the aquatic ecosystem. Moreover, if any 
water containing dye is spilled on land, it reduces soil 
fertility. It is worth noting that the microbial meta-
bolism of dyes is responsible for originating carcino-
gens, i.e., benzidine and other aromatic compounds. 
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It is also observed that azo- and nitro- based dyes 
reduce to toxic amines. Subsequently, the handling 
and treatment of dye effluents becomes more com-
plicated and leads to serious environmental concern. 
Furthermore, it is hard to decompose dyes due to 
their complex aromatic and molecular structure that 
provide stability to dyes. In addition, dyes are syn-
thesized to resist fading by exposure to soaps, deter-
gents, sunlight or oxidizing agents [3]. Consequently, 
eradication of residual dyes from textile runoffs has 
become vital and has gained more consideration than 
that of soluble colorless organic substances. In past, 
researchers focused on dye removal through ozon-
ation, advanced oxidation, chemical precipitation and 
immersion that can be both expensive and cause 
further secondary pollution. Catalytic degradation and 
photochemical oxidation have also been utilized 
[1,4,5] but such oxidation processes can originate 
hazardous products, so that the treated wastewater 
becomes more hazardous than it originally was [6]. 
Biological treatments are also considered in combin-
ation with sorption processes for dye eradication from 
effluent streams [7,8]. However, various researchers 
have the opinion that the coagulation process proved 
to be the most efficient in comparison to other pro-
cesses like anaerobic reduction, oxidation and ads-
orption [9]. 

A coagulant comparison study has been rep-
orted by Bidhendi and coworkers. They used lime, 
alum, FeCl3, FeSO4 and MgCl2 in dye removal. The 
results revealed that only lime eliminates color and 
COD successfully but FeSO4 was found to be optimal 
in dye removal owing to its lowest dosage, minimum 
sludge volume and maximum decoloration [10]. Rec-
ently, Guendy et al. performed a coagulation process 
in combination with adsorption for dye eradication and 
reported promising results. They further report that 
the dye removal was 71% at 6-8 pH and 53.7% at 4-6 
pH when alum and FeCl3 were utilized, respectively 
[11]. In contrary, Mitrovic et al. suggested the use of 
natural coagulants obtained from seeds of Moringa 
oleifera, Strychnos potatorum, extracts of cacti 
(Opuntia ficus-indica and Cactus latifaria) and differ-
ent leguminous species such as Cassia angustifolia 
and Phaseolus vulgaris instead of chemical coagul-
ants because of their biodegradability and environ-
mentally friendly nature [12]. Subsequently, plant-
based coagulants were also used for dye removal 
owing to their cost-effectiveness and environmental 
benefits [13]. For instance, the coagulation studies 
carried out by the use of coagulant extracted from the 
seeds of Moringa oleifera, Strychnos potatorum and 
other leguminous species provided a relatively low-

cost solution to the problem [12]. Furthermore, the 
studies conducted on the usage of guar, locust bean 
[14]. 

Regarding the use of plant-based bioflocculants, 
it has been investigated that potato starch can be 
effectively utilized to reduce the concentration of dye 
from its solution. The results of the experimental 
investigations revealed that the dye removal was 37% 
in an acidic environment, i.e., at pH 3 [15]. Victor and 
coworkers investigated the usage of Moringa oleifera 
seed oil in combination with metallic salts, i.e., NaCl 
and FeCl3, for reactive dye removal. They reported 
that dye removal with NaCl (as a coagulant) is better 
than that of FeCl3. Further, the coagulation process is 
independent of pH but depends upon the chemical 
structure and the number of sulfonic groups present 
on the dye molecule [16]. Hence, contemporary 
studies focus on the use of FeCl3 as a coagulant and 
potato starch as a bioflocculant. During the experi-
ments, the pH of the solution was maintained at 3 by 
using FeCl3, which also served as coagulant. A robust 
statistical experimental design (L16) was used to vary 
the process parameters, i.e., flocculant dosage, tem-
perature and flocculation time.  

The design of experiments (DOE) was utilized 
as it proved to be a sturdy experimental design sys-
tem that can analyse the significant factorial effects 
and conditions in the current manufacturing industry. 
The orthogonal arrays were utilized to arrange the 
factors that affect the process and the extent of their 
fluctuations [17,18]. Finally, the significant extent of 
the variables for the dye removal was deduced using 
nearly the 95% confidence level of the ANOVA. The 
variance analysis (ANOVA) has been extensively 
used in the interpretation of experimental data [19]. 
For this purpose, the latest version of available Mini-
tab Software was utilized, as this software ensured 
the accuracy of numerous statistical calculations and 
provided improved quality calculation in the fields of 
engineering, statistics & mathematics. 

EXPERIMENTAL 

Materials 

Analytical grade iron(III) chloride was purchased 
from Merck, Germany, to coagulate reactive dye. 
Reagent grade flocculant, i.e., potato starch was pur-
chased from DaeJung, Korea. A yellow reactive dye 
with color index Y-145A was provided by Sandal Dye 
and Dyestuff Industries Limited, Faisalabad, Pakistan. 
It is worth noting that the aforementioned yellow dye 
is a single azo bi-functional dye that contains two 
functional groups, i.e., monochlorotriazine (MCT) and 
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vinyl sulfone (VS). The chemical structure of the dye 
is shown in Figure 1. In order to minimize disturban-
ces and to compare the results with existing pub-
lished literature, a synthetic stock solution of dye was 
prepared using reverse osmosis (RO) water available 
at University of Engineering & Technology, 
Faisalabad Campus, Pakistan. 
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Figure 1. Structure of Y-145A yellow dye SDC. 

Preparation of the stock solution and characterization 

The synthetic solution of reactive yellow dye 
was prepared by dissolving 150 mg of dye in 1000 ml 
RO water. The solution was heated to 60 °C after 
adding 10 g of sodium carbonate. The pH of the sol-
ution was adjusted to 10 by adding 1 M sodium hyd-
roxide solution. The solution was stirred at a high 
temperature of 60 °C for 60 min. The solution was 
then cooled to room temperature and stored in an 
airtight container in order to avoid any nucleophilic 
reactions. The procedure of preparing the stock sol-
ution was described in Blackburn’s study [20]. The 
synthetic solution of dye was used during experi-
mental runs to minimize the external disturbances 
produced by a typical dye house. Further, 150 ppm of 
reactive dye concentration was considered the 
highest in the wastewater [15]. 

The initial and final dye concentration was deter-
mined by estimating the true color of the solution, 
before and after treatment. Filtration was carried out 
using Whatman filter paper no. 42 and the filtrate was 
examined using a ZAR/HEC-1830/UV-2800 spectro-
photometer at maximum absorption wavelength (λmax.) 
of 436 nm, as a reference. The calibration curve of 
absorbance vs. dye concentration was formulated 
(Figure 2) and the linear equation (Eq. (1)) of the 
calibration plot, y = mx + c (y = absorbance; m = 
gradient; x = concentration; c = 0), was used to cal-
culate the concentration of the residual solution from 
the absorbency tests. 

= +0.0019 0.175y x  (1) 

 
Figure 2. Calibration curve of absorbance vs. dye concentration. 

Experimentation 

The coagulation-flocculation experimental trial 
was carried out in a jar test apparatus. 250 ml of stock 
solution was placed in a beaker and 3.2 g of iron(III) 
chloride was added to the solution, which not only 
reduced the pH from 10 to 3 but also served as coa-
gulant. The solution was stirred at the rate of 100 rpm 
for 5 min to speed up the coagulation process. Then 
stirring was reduced to 40 rpm and potato starch (bio-
flocculant) was added. Further, the stirring was car-
ried out for 20 min and the flocculation time was up to 
50 min to study the effect of flocculation time. After-
wards, the stirring was stopped and sediments were 
allowed to settle down for 1 h. In addition, the experi-
mental procedure was repeated by altering the floc-
culant dosage, solution temperature and flocculation 
time according to Table 1, to determine the paramet-
ric effects. It is also worth noting that the dye concen-
tration, pH, coagulant dosage, coagulation time, floc-
culation speed and coagulation stirring was kept con-
stant at 150 ppm, 3, 3.2 g per 250 ml, 5 min, 40 and 
100 rpm, respectively. All experiments were carried 
out as shown in Table 2. The supernatant was filtered 
after sedimentation and the residual dye concentra-
tion of filtrate was determined by a UV-visible spectro-
photometer. The removal efficiency of the reactive 
dye was calculated according to Eq. (2): 

η −= 0 e

0

100
C C

C
 (2) 

where η is the percentage removal efficiency, C0 is 
the initial concentration of dye at the start of expe-
rimentation and Ce is the final concentration of dye 
after experimentation at flocculation time t. The exp-
erimental data used in the study was the average of 
threefold determination. The relative standard error of 
the data was less than 5%. 
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Table 1. Parameters and their values corresponding to their levels 

Symbol Parameter 
Parameter level 

1 2 3 4 

A Flocculant dosage, % 0.25 0.5 1 2 

B Temperature of wastewater, °C 25 40 50 60 

C Flocculation time, min 20 30 40 50 

Table 2. Experimental design and results of conducted experiments corresponding to L16 OA experimental plan 

Exp. # Parametric 
level 

Absorbance/percentage absorbance reduction Concentration (ppm)/percentage reduction in 
concentration 

Conc. 
reduction, 
mean (%) A B C I II III I II III 

1 1 1 1 0.65/56 0.639/57 0.645/57 250/63.7 244/64.6 247/64.1 64.1 

2 3 3 1 0.8/46 0.799/46 0.799/46 329/52.3 328/52.3 328/52.3 52.3 

3 2 2 1 0.542/64 0.544/63 0.539/64 193/72 194/71.8 192/72.2 72 

4 3 1 3 0.53/64 0.529/64 0.53/64 187/72.9 186/73 187/72.9 72.9 

5 3 2 4 0.42/72 0.418/72 0.411/72 129/81.3 128/81.4 124/82 81.6 

6 3 4 2 0.44/70 0.438/71 0.433/71 139/79.8 138/79.9 136/80.3 80 

7 4 4 1 0.391/74 0.389/74 0.355/76 114/83.5 113/83.7 95/86.3 84.5 

8 2 4 3 1.953/-43.1 1.93-41,4 1.943/-42.3 936/-49.5 924/-47.6 931/-48.6 -48.6 

9 2 3 4 1.963/-43.8 1.965/-44 1.961/-43.7 941/-50.3 942/-50.5 940/-50.2 -50.3 

10 4 1 4 1.946/-42.6 1.958/-43.4 1.962/-43.7 932/-48.9 938/-49.9 941/-50.2 -49.7 

11 4 2 3 1.965/-44 1.968/-44.2 1.964/-43.9 942/-50.5 944/-50.7 942/-50.4 -50.6 

12 4 3 2 1.95/-42.9 1.94/-42.1 1.941/-42.2 934/-49.2 929/-48.4 929/-48.5 -48.7 

13 2 1 2 1.965/-44 1.986/-45.5 1.969/-44.2 942/-50.5 953/-52.3 944/-50.8 -51.2 

14 1 3 3 1.963/-43.8 1.961/-43.7 1.958/-43.4 941/-50.3 940/-50.2 938/-49.9 -50.1 

15 1 4 4 1.995/-46.2 2.001/-46.6 2.003/-43.3 958/-53 961/-53.5 962/-53.7 -53.4 

16 1 2 2 1.956/-43.3 1.974/-44.6 1.958/-43.4 937/-49.7 947/-51.3 938/-49.9 -50.3 

 
RESULTS AND DISCUSSION 

In this study, a novel combination of iron(III) 
chloride as a coagulant and potato starch as a floc-
culant, was tested to remove reactive yellow dye from 
its solution. The effects of the flocculant dose (%), 
temperature (°C) and flocculation time (min) on dye 
removal was examined in accordance to the L16 
robust design. The results are described, statistically 
supported and graphically explained in the sub-
sequent section. 

Effect of flocculant dosage on dye removal 

It has already been reported that flocculant dos-
age is a crucial parameter in the removal efficiency of 
dye from wastewater, as inadequate dosage may 
result in performance reduction [21]. Therefore, the 
impact of flocculant dosage was analyzed in the 
range 0.25 to 2 wt.%. It is evident, from Figure 3, that 
the dye removal percentage increased drastically with 
an increase in the flocculant dose up to the con-
centration of 1 wt.%. The behavior was the same as 
observed during the performance evaluation of other 

plant-based biopolymers. This sudden increase in 
performance is due to the increase in charge density 
when increasing dosage, resulting in the availability of 
extended surface area [22]. According to coagulation 
theory, the charge on the dye molecule is neutralized 
by the polymer and it bounds to the polymer surface 
by weak forces like van der Waals forces. This floc 
combines with other flocs to form a high-density floc. 
The phenomena are modelled in Figure 4a. In con-
trast, the dye removal percentage decreases sharply 
to the negative values with further increase in the 
amount of the flocculant and the reason can be best 
explained on the basis of the phenomenon of pro-
ducing restabilized colloids on excessive polymer 
dosage [22]. The potato starch ionizes in water, pro-
ducing polymer ions which are bonded to one another 
with van der Waals forces, so the excess dosage 
always results in an agglomeration of particles, pro-
ducing restabilized colloids. This phenomenon is 
modelled in Figure 4b, where excess polymer dosage 
resulted in the formation of restabilized colloids. As a 
result, the high concentration of potato starch causes 
damping the active sites which results in the decrease 
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of dye removal percentage. As a matter of fact, the 
coagulant neutralizes the charge on dye molecules in 
water so that the flocculant may work effectively. 
Hence, very low and very high flocculant dosages will 
fail to produce restablized colloids, which would result 
in the increase in the haziness of the solution. 

 
Figure 4. Flocculation process. a) Attachment of the dye 
molecule at adequate polymer dosage. b) Formation of 

restabilized colloids at high polymer dosage. 

Effect of flocculation time on dye removal 

The effect of flocculation time on dye removal 
was investigated and is presented in Figure 3. It is 
evident that there is a sharp decrease in dye removal 
when prolonging the experiment and the trend is 
leveled off after 40 min of flocculation time. In a floc-
culation process, the flocculant adsorbs on the par-
ticle surface, making inter-particle bridging and dev-
elopment of flocs possible, which helps in the agglo-
meration of particles (Figure 5a). Hence, the density 
is increased and the colloids settled down in the form 
of sludge. If the flocculation is given more time the 

molecular chains tend to disintegrate resulting in 
small size flocs which are not dense enough to settle 
in the wastewater causing the sample to be turbid 
again [23]. This phenomenon was observed in Figure 
3 which showed rather negative values for the dye 
removal at longer flocculation time. Hence, it can be 
concluded that longer flocculation time will lead to an 
increase in floc disintegration due to prolonged inter-
action, therefore decreasing the flocculation rate. 
Modelled in Figure 5b, longer flocculation time will 
incease the temperature of the system and will result 
in the breakdown of developed flocs. 

 
Figure 5. Formation and rupturing of flocs. (a): Max. formation of 

flocs. (b): Rupturing of flocs at prolonged flocculation time. 

Effect of temperature on dye removal 

The effect of temperature on dye removal was 
investigated in the range of 25-60 °C and the results 
are presented in Figure 3. It can be deduced that 
adequate levels of dye removal were observed at 
high and low temperatures, i.e., 20 and 60 °C. The 
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elevated temperature favors dye removal as it helps 
to break the inter- and intra-molecular hydrogen 
bonds between the polymer molecules. As a matter of 
fact, potato starch, similar in its structure with cel-
lulose, requires high energy to break the hydrogen 
bonds between polymer chains, in order to allow 
formation of hydrogen bonds with the dye molecule 
for its removal. When the polymer is subjected to 
elevated temperatures, all the polymer chains (11 
hydrogen bond collectors) will be unlocked, enriching 
the surface with negative charge. This allows hyd-
rogen bonding and van der Waals interactions during 
its contact with positively charged functional groups of 
the reactive yellow dye [20]. On the other hand, ade-
quate levels of dye removal were observed at a low 
temperature, and this increase in dye removal may be 
due to electrostatic forces. At low temperatures, act-
ive sites are not fully available, with the positive 
charge dominating on the surface of potato starch 
due to the low pH and hydrogen bond donors. This 
results in a sensible elimination of dye with the inter-
action of potato starch with hydrophobic sites of the 
dye, stabilizing the negative charge by electrostatic 
forces. In conclusion, low temperature is also suc-
cessful in giving reasonable dye removal rates, but in 
combination with low pH as electrostatic forces prove 
to be significant only at low pH [6].  

ANOVA results 

To determine the effect of each factor on per-
centage reduction in dye concentration, variance ana-
lysis was applied. Statistical significance of the model 
equation and model terms was evaluated by the 
significant factor (f) test and ANOVA. To simplify and 
standardize experimental design and to minimize the 
number of factor combinations required to test the 
factor effects, a special design of orthogonal arrays 
(L16) was employed. In this study, Minitab-17 com-
puter software package was used to establish the 
experimental matrix according to parameters and 
their levels, and for the evaluation by analysis of vari-
ance (ANOVA) analysis of the obtained results. The 

results of ANOVA are illustrated in Table 3 and the 
resulting regression equation is Eq. (3). It can be 
inferred that the most critical and sensitive parameter 
for the coagulation process is the dosage percentage, 
whose maximum f value is 5.78. The removal of 
reactive dyes with potato starch is less sensitive to 
the effects of temperature. The p-value was also cal-
culated from ANOVA, concluding that the null hypo-
thesis is true as p-value is less than the significance 
level. To verify to what extent the given model fits the 
data, goodness of fit statistics were examined for the 
presented model and are presented in Table 3. The 
standard deviation ‘S’ was evaluated in the units of 
the response variable which represents the deviation 
to the extent at which the data values fall from the 
fixed values. For the model, 62% of data lies within 
the standard deviation from the mean. Further, R2 
was estimated as it is the percentage of variation in 
the response that is clarified by the model. The model 
shows a good R2 value of 85.6%. 

η = − + − + +
+ − + + −
− − −

1 2 3 4 1

2 3 4 1

2 3 4

3.41 22.9 68.3 19.5 5.6
9.8 27.6 12.2 64.8
21 22.5 21.4

D D D D T
T T F
F F F

 (3) 

where D1 is dosage of 0.25%; D2 is dosage of 0.50%; 
D3 is dosage of 1%; D4 is dosage of 2%; T1 is 
temperature of 25 °C; T2 is temperature of 40 °C; T3 is 
temperature of 50 °C; T4 is temperature of 60 °C; F1 is 
flocculation time of 20 min; F2 is flocculation time of 
30 min; F3 is flocculation time of 40 min; F4 is floc-
culation time of 50 min, while η is the percentage 
removal efficiency. 

Comparison of results 

The results were compared with existing litera-
ture regarding the removal of carcinogenic dye from 
aqueous waste. Kim and co-workers studied the coa-
gulation process for the removal of Reactive Blue 49 
and Reactive Yellow 84 dyes and reported that the 
concentration of the dyestuff was reduced to an 
acceptable percentage of 60.9 and 70.3% respect-

Table 3. The results of variance analysis (ANOVA);  DF: degree of freedom, Adj.SS: adjusted sum of squares, Adj.MS: adjusted mean of 
squares, S: standard deviation, R-sq.: regression coefficient (squared) 

Source DF Adj. SS Adj. MS f-Value p-Value 

Coagulant Dosage (% w/v)    3 24954 8318 5.78 0.033 

Temperature (◦C)   3 4154 1385 0.96 0.472 

Flocculation time (min)   3 22413 7471 5.19 0.042 

Error        6 8642 1440 – – 

Total         15 60163 – – – 

Model summary S  R-sq. R-sq. (adjusted) R-sq. (predicted) 
 37.9516 85.64 % 64.09 % 0.00 % 



M.S. ZAFAR et al.: REMOVAL OF RESIDUAL CARCINOGENIC DYES… Chem. Ind. Chem. Eng. Q. 24 (1) 69−76 (2018) 

 

 75

ively. The rates were obtained at the optimum coagul-
ation conditions of pH 7 and 1.85 mmol/L of FeCl3 for 
Reactive blue 49 and pH 6 and 2.78 mmol/L of FeCl3 
for Reactive blue 49. Iron(III) chloride successfully 
neutralized the charge on dye molecules which 
resulted in the form of dye eradication via sludge for-
mation [24]. Most recently, the same class of dye 
(reactive) was eradicated from its synthetic solution 
via a plant-based biopolymer, i.e., potato starch. The 
studies tested this novel polysaccharide on the rem-
oval of Reactive Yellow 145 and reported that the pot-
ato starch behaves both as a coagulant and a floc-
culant when varying the mixing rate. However, the 
removal of dye concentration was only 41.3%, but the 
sludge formation was minimized to the lowest level of 
0.06%, which was the main novelty of the process. 
Moreover, it was reported that the  41.3% reduction 
was observed at pH 3 [15]. 

This study successfully raised dye removal effi-
ciency using a novel coagulant-flocculant combin-
ation. The process utilized potato starch as the bio-
flocculant, while fixing the pH of the synthetic solution 
at 3. Iron(III) chloride was used as a pH depressant 
as well as the coagulant. As a result, 85% reduction in 
dye concentration was observed at flocculant dosage 
of 2%, temperature of 60 °C and 20 min flocculation 
time. The comparison of studies is well illustrated in 
Figure 6, along with the literature cited. In addition, 
Figure 6 also shows the comparison in terms of per-
centage reduction in absorbance. In conclusion, the 
study successfully uplifted the study of dye removal 
using a novel coagulant-flocculant combination. 

CONCLUSIONS 

The study focused on the coagulation-floccul-
ation process for the elimination of Reactive Yellow 
145 dye from its synthetic solution. The process suc-
cessfully eradicated the dye using a novel coagulant-
flocculant combination. Based on the results of the 
current investigation on the use of FeCl3 as a coa-
gulant and potato starch as a bioflocculant, it was 
observed that the above combination provided pro-
mising results during the initial investigation and red-
uced the concentration of dye up to 85%. Hence, the 
combination proved its worth regarding the pre-treat-
ment process of wastewater containing dye. Among 
the parameters investigated, the dosage of potato 
starch has proved to be the most significant para-
meter having the most weighted significance, i.e., 
5.78. Further, the best operating conditions came to 
be: flocculant dosage: 2%, temperature: 60 °C and 
flocculation time: 20 min. Finally, the results were 
compared with the latest existing literature and the 
combination proves its novelty. The current combin-
ation of sorbents increased the eradication of dye by 
50% as compared to the most recent published lite-
rature. In conclusion, the combination can be effect-
ively utilized as a pre-treatment step for the treatment 
of textile effluents. The treated wastewater will not 
pose considerable harm to microorganisms and, if 
drained into open water channels, will pose less harm 
to the ecosystem. 

Future scope. Very limited work has been car-
ried out on the desorption of dyes to study the exact 
mechanism of dye removal. It would help to study the 
regeneration of exhausted adsorbents and dye in 

 
Figure 6. Comparison with existing literature. a) In terms of percentage reduction in dye concentration. b) In terms of percentage 

reduction in absorbance. 
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order to make the adsorption process more econ-
omical. Conducting more research into coagulant-
flocculant combinations which are capable of eradi-
cating the dyes even in the presence of various inter-
fering agents of textile wastewaters is also needed. In 
addition, the effectiveness of a greater number of nat-
ural coagulants needs to be assessed at a wide vari-
ation of pH. 

REFERENCES 

[1] C. Zaharia,D. Suteu, J. Environ. Prot. Ecol. 15 (2014) 
1680-1689 

[2] N. Kannan, M.M. Sundaram, Dyes Pigments 51 (2001) 
25-40 

[3] G. Demir, J. Environ. Prot. Ecol. 11 (2010) 7-19 

[4] I.A. Alaton, I.A. Balcioglu, J. Photochem. Photobiol., A 
141 (2001) 247-254 

[5] H. Genç-Fuhrman, J.C. Tjell, D. McConchie, Environ. Sci. 
Technol. 38 (2004) 2428-2434 

[6] J. Roussy, P. Chastellan, M. Van Vooren, E. Guibal, 
Water SA 31 (2005) 369-376 

[7] J. Bell, C.A. Buckley, Water. SA 29 (2003) 129-134 

[8] Y. Uysal, D. Aktas, Y. Caglar, J. Environ. Prot. Ecol. 15 
(2014) 1718-1726 

[9] S. Mondal, Environ. Eng. Sci. 25 (2008) 383-396 

[10] G.N. Bidhendi, A. Torabian, H. Ehsani, N. Razmkhah, J. 
Environ. Health 4 (2007) 29-36 

[11] H. R. Guendy, J. Appl. Sci. Res. (2010) 964-972 

[12] M. Mitrovic, N. Suvajdzic, A. Bogdanovic, N.K. Kurtovic, 
A. Sretenovic, I. Elezovic, D. Tomin, Med. ONcol. 30 
(2013) 1-7 

[13] A.K. Verma, R.R. Dash, P. Bhunia, J. Environ. Manage. 
93 (2012) 154-168 

[14] L.G. Torres, S. Carpinteyro-Urban,L.J. Corzo-Rios, J. 
Biotechnol. Biosci. 1 (2013) 16-22 

[15] M.S. Zafar, M. Tausif, M. Mohsin, S.W. Ahmad, M. Zia-ul- 
-Haq, Water Air Soil. Poll. 226 (2015) 1-11 

[16] M. Vilaseca, V. López-Grimau, C. Gutiérrez-Bouzán, 
Materials 7 (2014) 6569-6584 

[17] L. Eriksson, Design of experiments: principles and applic-
ations, MKS Umetrics AB, Malmö, 2008 

[18] J. Antony, Design of experiments for engineers and 
scientists, Elsevier, Amsterdam, 2014 

[19] L. Popescu, M. Iordache, L. Pascu, E.-M. Ungureanu, 
G.-O. Buica, J. Environ. Prot. Ecol. 17 (2016) 18-30 

[20] R.S. Blackburn, Environ. Sci. Technol. 38 (2004) 4905- 
–4909 

[21] M.A. Hassan, T.P. Li, Z.Z. Noor, J. Chem. Nat. Res. Eng. 
4 (2009) 43-53 

[22] A. Ariffin, R.S. Shatat, A.N. Norulaini, A.M. Omar, 
Desalination 173 (2005) 201-208 

[23] H.M. Ariffin, L. Liew, PhD Thesis, Universiti Teknologi 
Malaysia, 2007 

[24] T.-H. Kim, C. Park, E.-B. Shin,S. Kim, Desalination 161 
(2004) 49-58. 

 
 
 
 

M.S. ZAFAR1 

S.W. AHMAD1 
M. ZIA-UL-HAQ2 

A. MUBEEN2 
W.A. KHAN2 

1Department of Chemical Engineering, 
Faculty of Engineering, University of 

Engineering and Technology 
(Faisalabad Campus) Lahore, 3.5 km 

Khurrianwala, Mukoowana Bypass 
Road, Faisalabad, Pakistan 

2Department of Chemical Engineering, 
Faculty of Engineering, NFC Institute of 

Engineering & Fertilizer Research, 
Faisalabad, Pakistan 

 

NAUČNI RAD 

  UKLANJANJE REZIDUALNIH KARCINOGENIH 
BOJA IZ INDUSTRIJSKIH OTPADNIH VODA 
FLOKULACIJOM 

Zbog neefikasnih postupaka bojenja u tipičnoj industriji boja, velika količina boje se 
ispušta sa otpadnom vodom izazivajući ozbiljne negativne uticaje na okolinu. Shodno 
tome, posebna pažnja se poklanja upotrebi novih kombinacija koagulanata i flokulanata. 
Pošto se skrob iz krompira već pokazao kao pogodan bio-flokulant, testirano je njegova 
kombinacija sa gvožđe-hloridom kao koagulantom je testirane kako bi se postigli po-
voljni rezultati redukcije boje u modelima otpadnih voda. Analiziran je uticaj različitih 
parametara, kao što su doziranje flokulanta, temperatura tretmana i vreme flokulacije, 
na uklanjanje boje. Proces flokulacije je izvođen šaržno eksperimenata koristeći Jar 
aparat. Korišćen je eksperimentalni plan (L16) sa mešanim nivoima parametara. 
Ortogonalni testovi su pokazali da su 2 vol.% skroba krompira, temperatura 60 °C i 
vreme flokulacije 20 min najbolji operativni uslovi. Takođe, test značajnosti faktora je 
izvršen pomoću Minitab-17, pri čemu je pokazano da je doza skroba krompira naj-
značajniji faktor. Rezultati pokazuju da je korišćenjem kombinacije koagulant-flokulant 
ostvarena efikasnost uklanjanja boje do 85%. Rezultati su upoređeni i sa literaturnim 
podacima. 

Ključne reči: ANOVA;,gvožđe-hlorid, skrob krompira, rezidualna reakvtivna boja, 
značajni factor. 
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