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ABSTRACT

The coagulation performance of Bentonite (BE) aided by Sodium Alginate (SA) to remove basic dyes was investi-
gated. Four basic dyes Rhodamine B (RB), Malachite Green (MG), Methylene Blue (MB) and Basic Violet 14 (BV)
were used to cover a range of variations in the experiments. It was found that the removal of the dyes increased with
addition of SA as the flocculant/coagulant aid. Bentonite as a natural coagulant aided by the biodegradable floccu-
lant, SA, is an effective combination for removal of basic dyes (color removal). The effect of coagulant dosage on
the overall dye removal efficiency/decolorization rate was explored and followed by the investigation of the mecha-
nism of dye removal by coagulation process. Optimum dye removal efficiencies for RB, MG, MB and BV by using
both Bentonite and Sodium Alginate combined were, 91.5%, 98.2%, 98.5%, 98.8%, respectively with pH set at 9.0.
FTIR was used to characterize the sludge to determine the functional groups. The resultant outcome in this study
indicates that using Bentonite as a natural coagulant, aided by a biodegradable flocculant, Sodium Alginate, pro-
vides an effective and environmentally friendly coagulation option for removing color from basic dyes.

Keywords: dye removal efficiency; eco-friendly; coagulant dosage; biodegradable flocculant; natural coagulant
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1. INTRODUCTION

The world’s future and its biodiversity has become
a general concern as it affects everyone. The devel-
opment of industries and rapid technological ad-
vancement have led to the rise of numerous envi-
ronmental problems especially pollution of water
sources [1]. Different kinds of synthetic / man-
made dyes end up in the wastewater discharges
from various industries such as, textile, leather etc.
These effluents are highly colored thus leading to
serious pollution issues of the water bodies. The
key contaminant to be easily identified in
wastewater is usually color, owing to the visibility
of synthetic dyes in aqueous solutions, even in very
small quantities (<1.0 mgL-1). Dyes can be classi-
fied broadly as non-ionic, anionic or cationic based
on the dye molecules’ ionic charge [2]. Cationic
(basic) dyes have been reported to be highly toxic
and carcinogenic compared with the anionic dyes
[3]. The carcinogenic and toxicity nature of the
basic dyes has made them a serious environmental
concern; thus, it is necessary to ensure their remov-
al before discharging to the environment.

However, the complexity of their aromatic struc-
tures and their synthetic origin makes their removal
a daunting task; they are also biologically non-
degradable which adds additional challenges to the
wastewater treatment process [2].

Basic Violet 14 and Malachite Green dyes belong
to the tri-phenyl methane dyes group which are
normally containing compounds that are intensely
colored. They have three aryl groups with each of
the aryl groups being bonded to an atom of nitro-
gen; the nitrogen atoms interact either with one or
two of the methyl groups [1]. It has been reported
that Basic violet 14 can be potentially absorbed
through human skin and has cytotoxicity on human
red blood cells. Malachite green dye when ingested
is toxic, carcinogenic and hazardous [4]. It affects
humans, mice and fish by leading to kidney and
liver tumors. It also causes their reproductive sys-
tems to malfunction and increase probability of

Qunshan Wei et al.

cancer of the bladder [5].

Methylene blue dye belongs to the thiazine group
of basic dyes. It can be either in green crystalline or
powder form and is the most vital basic dye [6].
Methylene Blue has been reported to be harmful to
living organisms including for short exposure peri-
od [2]. Rhodamine B is reported to be highly solu-
ble in water and belongs to the xanthene class
[7]. It harms human beings and animals when
swallowed and also irritates the respiratory tract,
eyes and the skin [8]. Its carcinogenicity, neurotox-
icity, reproductive and developmental toxicity, and
chronic toxicity to animals and humans has been
robustly proven through experiments [9—12]. The
use of Rhodamine B dye as food colorant has been
banned based on the above health concerns [13].
Because of these toxic and hazardous effects of
basis dyes, it is necessary to remove them from any
wastewater before discharging them to the environ-
ment.

There are several physio-chemical and biological
methods used to treat wastewater with dye pres-
ence. The treatment methods include sorption
[14.15], oxidation/ozonation [16—18],coagulation/
flocculation [19-21], anaerobic/aerobic [22-24],
photocatalytic degradation [21.25.26] and mem-
brane separation [27,28]. Dyes are stable towards
oxidizing agents and light and this complicates
their removal through many different treatment
steps. Hence, careful and thoughtful selection of
the removal methods is critical and vital [29,30].
Several adsorption studies have been undertaken to
treat basic dyes including using bentonite[2,6,31].
However, adsorption process poses the challenge
of high chemical cost for absorbent use[32]. There-
fore, coagulation has been considered as the most
suitable option and was used in this studies to de-
colorize basic dyes due to its numerous advantages
including low capital cost [33.34], ease of use, sim-
plicity of design requirements, low energy con-
sumption and high efficiency.
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Synthetic polymers have been proven to improve
the efficiency of filtration performance and aide
strengthening of flocs which has been applied
widely in improving the recoverability and floc
strength. However, synthetic polymers have been
reported to have potency for harming  hu-
man health[35]. Cationic polyacrylamides, Polydi-
allyldimethylammoniumchloride and polyamines
have been found to yield carcinogenic by-product
N-nitroso dimethylamine (NDMA), during the ozo-
nation process; polydiallyldimethylammonium
chloride produces high concentration of NDMA in
several water treatment plants. In view of the health
and safety threats posed by synthetic polymers such
as APAM, there is an increasing need for coagulant
aid that are not only environmentally friendly, but
also effective [36].

Raw bentonite is primarily a smectite non-metallic
clay mineral and is composed of two silica tetrahe-
dral sheets that have a central Al octahedral sheet
(2:1 type) [37]. The isomorphous substitution in the
tetrahedral and octahedral layers, of the AI3+ for
Si4+ and the Mg2+ for AI3+ respectively, gives
rise to permanent negative charges on bentonite
[38]. Its lattice structure has exchangeable cations
(such as Cu2+, Mg2+, K+ Na+, Ca2+ etc.) that bal-
ance the negative charge. Its montmorillonite and
cationic crystal cell are very unstable thus these
cations can easily be replaced by other cations.
Through ion exchange mechanism the organic cati-
ons are exchanged by its interlayer inorganic cati-
ons. When in aqueous solution the entering of wa-
ter molecules into its lattice structure causes swell-
ing of the clays. Due to this, it has been reported
by other researchers that bentonite through cationic
exchange gives good adsorbing performance for
cationic pollutants [37.38]. Bentonite has been used
in various studies as an adsorbent to remove color
from wastewater. However, very small number of
research studies have been done on its application
in conjunction with sodium alginate in coagulation
process for basic dyes, such as Rhodamine B, Mal-
achite Green, Methylene Blue and Basic Violet 14.
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Sodium Alginate is a sodium salt of the alginic ac-
id. It is an anionic polymer that has linear chain
structure and is water soluble [36]. It is eco-
friendly and used widely in production of beads,
microsphere, microcapsule and drug tablets [39].
Sodium Alginate has been used reportedly as a co-
agulant aid to enhance the removal of humic acid
[36]. In principle it can improve flocs characteris-
tics and overall coagulation efficiency. However, to
the best of our current knowledge, it has not been
used in treating basic dyes or improving their color
removal rate efficiency using Bentonite. In this pa-
per, the decolorization of basic dyes (Rhodamine
B, Malachite Green, Methylene Blue and Basic Vi-
olet 14) from wastewater using Bentonite aided by
Sodium Alginate was carried out. Sodium Alginate
was used to investigate its potential to provide a
natural substitute to synthetic polymers and also
improve the performance of dye removal efficiency
of Basic dyes using Bentonite.

2. MATERIALS & METHODS

2.1. Chemicals, dyes and coagulants

Four commercial dyes, one coagulant and one floc-
culant from the suppliers, were used in their origi-
nal form. Bentonite (BE) and Sodium Alginate
(SA) were of reagent grade and procured from Si-
nopharm Chemical Reagent Co. Ltd. The dyes
were procured from commercial suppliers in China.
pH adjustment was done using NaOH and HCI
which were supplied by Sinopharm Chemical rea-
gent Co. Ltd and were of reagent grade.

2.2. Preparation of dye solutions, Sodium Algi-
nate and Bentonite

The dyes used in this study were Rhodamine B,
Basic Violet 14, Malachite Green and Methylene
Blue. Each dye was used to prepare its own test dye
stock solution by adding 1g of the dye-stuff to
100ml of deionized water. Dye waste water sam-
ples of 10g/L concentration was then prepared from
this suspension. 0.1% Sodium Alginate stock solu-
tion was prepared by dissolving 1g Sodium Algi-
nate into 1000 ml deionized water and stirred using
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magnetic stirrer for 1 h. This sodium alginate stock
solution was refrigerated at 4 degree Celsius. Ben-
tonite was sieved using a 75 micrometers particle
size sieve then 1% Bentonite stock solution pre-
pared by dissolving 5g bentonite into 500ml of dis-
tilled water, and stirred using magnetic stirrer for
an hour. This was then followed by sonication for
15 mins at 40 Hz. The bentonite stock solution was
sonicated for 5 mins every time before use to
achieve homogeneity.

2.3. Experimental Procedure

The four dye test solution samples were used to
conduct laboratory experiments using predeter-
mined coagulant and coagulant aid dosages. The
dye test solutions were used to examine the dye
removal efficiency of different basic dyes using
Bentonite aided by Sodium Alginate; it was aimed
that the use of pure dye test solutions would make
it possible to obtain this information. Table 1 gives
the names, chromophoric groups, the maximum
absorbance wavelengths and the molecular weights
of the four dyes used for this study, whereas Fig 1
provides their molecular structures.

The jar testing procedure was used to determine
the optimum dosages of coagulants required for
dye removal. The optimum pH value 9 was set as
per previous research [40,41]. 200 ml of dye test
solutions were poured in 250ml beakers, which
were then placed on a six- beaker jar testing appa-
ratus with paddles. A period of 1 min flash mixing
at 300 rpm was allowed followed by slow mixing
at 50 rpm for 10 min. When using the coagulant
and coagulant aid together, the coagulant was first
added followed by the addition of the coagulant aid

Table 1. Dye Characteristics
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after 10 seconds. 30 min was allowed for sedimen-
tation. This was followed by pipetting of the super-
natant aliquot and then filtration using a 0.45 um
membrane (Mixed Cellulose Ester- MCE), prior to
analyses. The dye removal efficiency using benton-
ite and sodium alginate was quantified using a UV-
Vis spectrophotometer (analytikjena-SPECORD
200 PLUS). For each absorbance measurements,
the maximum absorbance wavelength ( 1 max) of
each dye was employed. Part of the sludge from
the treated waste waters was filtered then dried and
analyzed using FTIR meter (Brooktensor 27).

The percentages of dye removal efficiency were
calculated by comparing the absorbance values
before (original dye test solution) and after treat-
ment (as shown below by Eq. 1).

Dye Removal Efficiency (%) =% % 100% Eq. 1
0

where, Co and Cy are the dye concentration in orig-
inal and treated dye solutions respectively. Deion-
ized water used as a reference.

N(CHy), l l N(CHy),
/CH3
CH3 i CH3

Fig. 1: Structures of basic dyes; a) Methylene Blue, b)
Malachite Green, c) Rhodamine B, d) Basic Violet 14

Dye Characteristics — Chromophoric group, maximum absorbance wavelength and molecular weight

Name Chromophoric group  Wavelength absorbed (nm)  Molecular Weight (g/mol)
Methylene Blue (MB) Thiazine 598 319.9

Basic violet 14 (BV) Triaryl methane 534 337.85

Rhodamine B (RB) xanthene 524 380.82

Malachite Green (MG) Triaryl methane 618 364.9
WWW.SIFTDESK.ORG 54 Vol-5 Issue-2
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3. RESULTS AND DISCUSSION

3.1. Effect of coagulant dosage on dye color remov-
al of Rhodamine B, Malachite Green, Methylene
Blue and Basic Violet 14

For this study Bentonite in the range of 0-200mg/L
and SA 0-20mg/L were used to assess their individual
standalone performance, in removal of four basic
dyes (Rhodamine B, Basic violet 14, Methylene Blue
and Malachite Green). Temperature, mixing time and
other critical coagulation variables were kept con-
stant, enabling for comparison, coagulant dosage to
be set as single variable. Fig 2 shows the results.

For Rhodamine B dye the highest dye removal effi-
ciency by Bentonite (as sole coagulant) and Sodium
alginate (as sole coagulant) at dosages of 200mg/L
and 20mg/L were 53.7 % and 1.8 %, respectively.
Bentonite achieved the highest dye removal efficien-
cy of 53.7% for Rhodamine B dye (Fig. 2a). Increase
in the dosage of bentonite led to gradual increase in
the dye removal efficiency until it reached the plat-
eau. For instance, at bentonite dosages of 40 mg/L,
120 mg/L and 160 mg/L the dye removal efficiencies
were 3.4 %, 16.3 % and 42.8%, respectively. Sodium
Alginate exhibited lower dye removal efficiency for
RB dye, attaining its highest dye removal efficiency
of only 1.8 % at a dosage of 20 mg/L (Fig. 2b). Grad-
ual increment in dosage of Sodium Alginate also led
to the increase in dye removal efficiencies of RB dye.
Sodium Alginate dosages of 4 mg/L,12 mg/L and 16
mg/L attained dye removal efficiencies of 0.9 %, 1.3
% and 1.5 %, respectively.

For Malachite Green dye the highest dye removal
efficiencies by Bentonite (as sole coagulant) and So-
dium alginate (as sole coagulant) at dosages of
160mg/L and 20mg/L were 97.9 % and 75.5 % re-
spectively. Bentonite achieved the highest removal
efficiency of 97.9 % for MG dye. Increase in the dos-
age of bentonite led to gradual increase in the dye
removal efficiency. For instance, at bentonite dosages
of 40 mg/L, 120 mg/L and 160 mg/L the dye removal
efficiencies were 97.2 %, 97.9 % and 97.9 % respec-
tively. Sodium Alginate on the other hand achieved
dye removal efficiency of 75.5 % at a dosage of
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20mg/L. Gradual increment in dosage of Sodium Al-
ginate also led to the increase in dye removal efficien-
cies of MG. Sodium Alginate dosages of 4 mg/L,12
mg/L and 16 mg/L attained dye removal efficiencies
0f 34.5%, 66.9 % and 71.2 % respectively.

For Basic Violet 14 dye the highest dye removal effi-
ciencies by Bentonite (as sole coagulant) and Sodium
alginate (as sole coagulant) of 200mg/L and 8mg/L
were 97.6 % and 56.6 % respectively. Bentonite
achieved the highest removal efficiency of 97.5 % for
BV dye.

Increase in the dosage of bentonite led to gradual in-
crease in the dye removal efficiency. For instance, at
bentonite dosages of 40 mg/L, 120 mg/L and 160 mg/
L the dye removal efficiencies were 63.6 %, 95.9 %
and 97.2 % respectively. Sodium Alginate achieved
on the other hand, dye removal efficiency of 56.6 %
at a dosage of 8mg/L. Increasing the dosage of Sodi-
um Alginate also led to the increase in dye removal
efficiency until the highest value was attained, after
which further increment of dosage led to decrease in
dye removal efficiency. Sodium Alginate dosages of
4 mg/L,12 mg/L and 16 mg/L attained dye removal
efficiencies of 32.8 %, 33.6 % and 35.2 % respective-

ly.

For Methylene Blue dye the highest dye removal effi-
ciency by Bentonite (as sole coagulant) and Sodium
alginate (as sole coagulant) at dosages of 200mg/L
and 20mg/L were 97.2 % and 81.5 %, respectively.
Bentonite achieved the highest dye removal efficien-
cy of 99.0 % for MB dye. Increase in the dosage of
Bentonite and Sodium Alginate led to gradual in-
crease in the dye removal efficiency. For instance, at
bentonite dosages of 40 mg/L, 120 mg/L and 160 mg/
L the dye removal efficiencies were 4.5 %, 80.2 %
and 97.0 %, respectively. While, Sodium Alginate
achieved dye removal efficiency of 81.5 % at a dos-
age of 20mg/L. In addition, Sodium Alginate dosages
of 4 mg/L,8 mg/L and 12 mg/L attained dye removal
efficiencies of 31.0 %, 78.0 % and 81.0 %, respec-
tively.
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Fig. 2: Effect of coagulant dosage on the efficiency of color removal of basic dyes; a) Bentonite, b) Sodium

Alginate

The above results indicate that the best dye removal
efficiency for all the four basic dyes was achieved by
Bentonite. Increment in dosage of Bentonite (BE) and
Sodium Alginate (SA) resulted in increase in dye color
removal rate. Basic dyes are positively charged in aque-
ous solution, thus, addition of BE and SA which are
anionic leads to occurrence of charge neutralization. In
addition, this results in driving of the cations from the
basic dyes onto the negatively charged surface of Ben-
tonite, that is adsorption bridging mechanism occurs
[38].

3.2 Effect of Sodium alginate as coagulant aid on
basic dyes removal efficiency using Bentonite

In this study, BE was selected as coagulant and SA as a
coagulant aid; the removal performance of this combi-
nation was assessed. Combinations of BE and SA (4mg/
L and 12mg/L) were used as shown in Fig. 3. The high-
est dye removal efficiency for Rhodamine B dye was
91.5 % at a combined dosage of 160 mg/L Bentonite
and 4 mg/L Sodium Alginate. The highest dye removal
efficiency for Basic violet 14 dye was 98.8 % at a com-
bined dosage of 160 mg/L Bentonite and 4 mg/L Sodi-
um Alginate. The highest color removal rate for Meth-
ylene blue dye was 98.5 % at a combined dosage of 160
mg/L Bentonite and 160 mg/L Sodium Alginate. Final-
ly, the highest dye removal efficiency for basic green 4
dye was 98.2% at a combined dosage of 160 mg/L Ben-
tonite and 160 mg/L Sodium Alginate.

A combination of BE and SA for the two dosages of SA
yielded an increment in color removal rate for RB, MB,

MG and BV dyes. Bentonite particles are reported to
have on their surface very large negative charge [42]
thus its ability to achieve very high color removal rates
for most basic dyes. The addition of Sodium Alginate
which is also anionic enhances the removal of basic
dyes through coagulation/flocculation process using
natural coagulant Bentonite. As indicated by these re-
sults, a combination of Bentonite and Sodium Alginate
is highly effective in basic dyes color removal by coag-
ulation, even for the Rhodamine B which is very prob-
lematic to treat.
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Fig. 3: Effect of Sodium alginate as coagulant aid on basic dyes
color removal using Bentonite; a) Rhodamine B dye, b) Basic
Violet 14 dye, c) Methylene Blue dye, d) Malachite Green dye
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3.3. Effect of zeta potential change on dye color
removal efficiency by coagulation

MG-bentonite achieved the highest dye removal effi-
ciency at a lower dosage than the other basic dyes,
thus was chosen for zeta potential measurements; re-
sults are shown in Fig 4. An increase in bentonite dos-
age resulted in the rise of MG dye removal efficiency
(Fig 4a) and zeta potential (Fig. 4b). MG-bentonite
combination for the applied Bentonite dosages had
zeta potential between -13.83 mv and — 32.07 mv.
With increase in coagulant dosage, the zeta potential
of MG decreased owing to its cationic nature, imply-
ing charge neutralization occurred. It has been report-
ed that colloids exhibit moderate stability at a zeta
potential range of + 30 to + 40 ,whereas exhibit incipi-
ent instability between 10 to + 30[43] . The zeta po-
tential of MG-BE for various bentonite dosages was
not close to zero implying that charge neutralization
didn’t play a major role in MG color removal and also
wasn’t the sole coagulation mechanism[44].

3.4. Analysis of coagulation precipitates by FTIR
MG was chosen for this experiment as it achieved the
highest dye removal efficiency at the lowest dosage
than the other basic dyes. The FTIR test was em-
ployed so as to clarify further the internal mechanism
of the combination of bentonite and the basic dyes.
FTIR meter (Brooktensor 27) was used to analyze
dried sludges resulting from the treatment of the dye
test water. The FTIR analysis results are shown in Fig
5.

The sharp adsorption peak at 1585 cm-1 is due to the
benzene ring C=C stretching, whereas, that at 1375 cm
" is assigned to —CHj stretching in the malachite green
[45]. The several FTIR spectra peaks at the MG fin-
gerprint region of 400-800 cm-1 represent mono- sub-
stituted and para-distributed rings of benzene[45].The
FTIR spectra band of bentonite at 3441 cm™ denotes
H,O group stretching vibrations, 1035 cm™ de-
notes Si-O stretching while 529 cm-1 and 462 cm-1
denote Si-O, Si-O-Si and AI-O-Si deformations[46].
The pure bentonite and MG-bentonite patterns at this
region appear basically the same, that is, essentially
the bentonite and MG-
bentonite spectra patterns also appear very similar
which suggested that the MG dye has been adsorbed
onto the bentonite and no new chemical species has

unchanged. Moreover,

been formed.

MG
= 3441 1585 1375
(0]
2 BE
S
E 529
L A
s 5 1035
MG+BE 462
4000 3000 2000 1000

Wavelength (cm'1)
Fig. 5: FTIR spectra of MG, BE and MG+BE

WWW.SIFTDESK.ORG

57

Vol-5 Issue-2


https://www.siftdesk.org/article-details/Eco-friendly-decolorization-of-cationic-dyes-by-coagulation-using-natural-coagulant-Bentonite-and-biodegradable-flocculant-Sodium-Alginate/10648#_ENREF_43
https://www.siftdesk.org/article-details/Eco-friendly-decolorization-of-cationic-dyes-by-coagulation-using-natural-coagulant-Bentonite-and-biodegradable-flocculant-Sodium-Alginate/10648#_ENREF_44
https://www.siftdesk.org/article-details/Eco-friendly-decolorization-of-cationic-dyes-by-coagulation-using-natural-coagulant-Bentonite-and-biodegradable-flocculant-Sodium-Alginate/10648#_ENREF_45
https://www.siftdesk.org/article-details/Eco-friendly-decolorization-of-cationic-dyes-by-coagulation-using-natural-coagulant-Bentonite-and-biodegradable-flocculant-Sodium-Alginate/10648#_ENREF_45

SIFT DESK

3.5. Mechanism of color removal by coagulation
Dissolution of MG in water released positive charges
owing to its cationic nature as shown Fig 4. Bentonite
on the other hand is anionic thus was able to induce
charge neutralization thereby removing MG color
through coagulation. Increment in bentonite dosages
led to increase in dye removal efficiency as zeta po-
tential reduction occurred. However, the MG-
bentonite system even at lowest dosages of bentonite
(40mg/L) had a negative zeta potential implying that
all the cations from MG had been neutralized. This
suggests that charge neutralization was not the only
mechanism at play. FTIR analysis revealed adsorp-
tion of MG onto bentonite as shown by Fig 5. The
presence of —CH3;, — N(CH; ), and C=C cause
bridging adsorption to occurred alongside charge
neutralization as shown by Fig 5: the MG+BE FTIR
spectra in the regions denoting them is totally similar
to that of BE.

4. CONCLUSION

From this study, the key to effective dye removal of
basic dyes by coagulation / flocculation method is the
use of anionic coagulants and coagulant aids with
good adsorptive ability, to boost charge neutraliza-
tion and bridging adsorption, with bridging adsorp-
tion being the most important as shown by Fig 4 and
5. The combination of Bentonite as coagulant and
Sodium alginate as coagulant aid results in improve-
ment of dye removal efficiency of basic dyes. Ben-
tonite on its own yields high dye removal efficiency
for tri-phenyl methane (BV & MGQG) and thiazine
group (MB) basic dyes, but achieves considerably
lower removal efficiency for xanthene (RB) group
basic dyes.

The combination of bentonite with Sodium Alginate
improves the dye removal efficiency of basic dyes.
For instance, RB which had a lower dye removal effi-
ciency of 53.7% when treated with bentonite alone,
but exhibited an improved dye removal efficiency of
91.5% when BE was combined with SA. A combina-
tion of bentonite and sodium alginate provides an
effective and eco-friendly option for removing dye
color through coagulation/flocculation process, from
highly toxic basic dye waste waters.
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