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Abstract: Most of the textile dye removal techniques operate within temperature and pH ranges of 20-
60 °C and 2-12, respectively. Both the pH and temperature have been reported to have significant
effects on the efficiencies of the dye removal techniques. In this study, the effects of pH and
temperature on the stability and color measurement (absorbance) of the textile dye remazol brilliant at
different dye concentrations were investigated. Changing the pH from 1 to 13 and /or the temperature
from 15 to 55 °C did not have any significant effect on the absorbance of the dye remazol brilliant blue
at two concentrations (65 and 300 mg L™"). The results showed the stability of the remazol brilliant
blue in water under wide ranges of temperature and pH. However, the neutral compound
C»H6NyNayO,;S; is transformed to an ionic form with either negative charge [CyH;sN,;Na,O1,S;]
under alkaline condition or positive charge [C»H;sN,Na,0,;S;] * under acidic condition. The
formation of ionic form of the dye will facilitate its removal by various removal techniques. The
results showed that a standard curve can be constructed at ambient conditions (a pH of 7 and a
temperature of 25 °C) and used to determine the concentration of the dye using the colorimetric
method.
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INTRODUCTION

Textile processing operations are considered an
important part of the industrial sector in both
developing and undeveloped countries. However, the
textile industry is one of the most complex
manufacturing industries. Various textile chemicals
such as wetting agents, dyes, surfactants, fixing agents,
softeners and other additives are used in wet processes
(such as bleaching, dyeing and finishing) and as a result
large volumes of highly polluted wastewater are
produced!"*). The wastewater generated from the textile
processing industries contains high amounts of
suspended solids, dissolved solids, un-reacted dyestuffs
(colour) and other auxiliary chemicals that are used in
the various stages of dyeing and other processes'’.
Wastewater effluents from textile plants cause major
water pollutantion problems. Strong colour of the
textile wastewater is the most serious problem of the
textile waste effluent. It has been estimated that more
than 700,000 tonnes of dyes are used annually’® of
which over 15-20 % are left in the effluent during the

dyeing process'®. The presence of even small amount
of dye in water (1020 mg L") is highly visible,
aesthetically undesirable and affects the water
transparency and in turn the photosynthetic activity in
water bodies”®. In addition to colouring of the
receiving water, dyes in the water bodies such as rivers
and lakes also undergo chemical and biological changes
that consume dissolved oxygen resulting in fish kills
and the distruction of other aquatic organisms. Some
dyes possess toxicity that is hazardous to aquatic life
and posses serious health problems to human!”. Textile
dyeing effluents are also known to cause extreme
variations of pH, dissolved oxygen (DO), temperature,
chemical oxygen demand (COD) and dissolved salts of
the receiving water bodies!'*'?.

Reactive dyes are the most common dyes used in
the textile industry because of their bright colours,
excellent colourfastness and ease of application!'>'¥.
Reactive dyes are the principal dyes used in the cotton
industry which makes up 50% of the world’s fiber
consumption!"”. They exhibit a wide range of different
chemical structures, primarily based on substituted

Corresponding Author: Abdel Ghaly, Department

of Process

Engineering and Applied Science, Dalhousie

University, Halifax, Nova Scotia, Canada B3J2X4, Tel: 902494-6014, Fax: 902423-2423,



Am. J. Biotech. & Biotchem., 3 (1): 33-41, 2007

aromatic and heterocyclic groups. A large number of
reactive dyes are azo compounds that are linked by an
azo group'®. Many reactive dyes are toxic to some
organisms and may cause direct destruction of aquatic
life due to the presence of aromatic and metal
chlorides!®. It has been reported that some azo dyes are
able to produce carcinogenic aromatic amines in the
process of reductive degradation!'”"®. They are
particularly challenging to textile wastewater managers
because of their bright colours, high degree of
colourfastness, resistance to aerobic biodegradation and
the large amount of dye that is exhausted from the dye
baths"> '), Their high solubility, synthetic origin and
complex aromatic molecular structure make their
removal a very difficult task!?**'!,

Removal of hazardous dyes from textile effluent is
one of the important factors affecting the economic and
environmental  sustainability of the industry®®").
Traditional methods for treating textile dye wastewaters
consist of various chemical, physical and biological
processes.  These  include:  coagulation  and
precipitation'*”],  adsorption” and aerobic and
anaerobic biological processes****!. More advanced
treatment processes include: electro coagulation®®),
ultrasonic  decomposition®”’,  advanced chemical
oxidation®, electrochemical oxidation®-",
photooxidation nanofiltration,*'?!  colloidal gas
aphrons®™,  pre-dispersed  solvent  extraction*,
ozonation™**, supported liquid membrane!®'***! and
liquid- liquid extraction®*.  Traditionally, the
colourimetric measurement technique has been used to
evaluate the effectiveness of these various dye removal
methods. In this technique, the absorbance of influent
and effluent are measured at the appropriate wave
length wusing spectrophotometer and the removal
efficiency is determined. A standard calibration curve is
usually determined at ambient conditions. However, for
most of the dye removal methods reported in literature,
the pH and temperature of the effluent (Table 1) vary
within the ranges of 2-12 and 20-60 °C, respectively.
Although several of these authors emphasized the
effects of temperature and pH on the effectiveness of
these dye removal methods, no information is available
in the literature on the effect of temperature and pH on
the stability of the dyes in pure solutions. Therefore,
there is a need to assess the impacts of pH and
temperature on the colourimetric measurements of dyes
in textile wastewater.

[29]

The aim of this study was to evaluate the impact of test
conditions on the accuracy of colourimetric
measurement of textile dye remazol brilliant blue.
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Table 1: Ranges of pH and temperature reported for various dye

removal techniques

Method of removal pH Temp. References
Adsorption 2-10  25-30  Sanghi et al. ?*
Coagulation and precipitation 4-9 20-25 Liuetal
Elecro-coagulation 4-10  20-25  Alinsafi et al. *®
Nonfiltration 10.5 20-25  Chakraborty ez al. *!!
Aerobic and anaerobic 6-8 35-40  Beydilli et al. ¥
Advanced chemical oxidation 3-11 60 Arslan et al. %
Electrochemical oxidation 512 20-25 Lopez and Gutierrez *’!
Ozonation and electrochemical 7 35 Ehud et al.
oxidation

Supported liquid membrane 11 27 Muthuraman and

Palanivelu )

Table 2: R 8001 Remazol brilliant blue R specification™*
Synonym Reactive Blue 19

Molecular Formula CyH 6N,>Na,O(;S;3

Molecular Weight 626.54

CAS Number 2580-78-1

Colour Index Number 61200

MDL number MFCDO00001215

Molecular-structure

. 1§
—ﬂ— ONa

The specific objectives were: (a) to evaluate the effect
of pH and temperature on the absorbance, (b) to
determine the mechanisms by which the pH and
temperature influence the absorbance and (c) to develop
a standard dye measurement procedure.

MATERIALS AND METHODS

Reagents: The chemicals used in this study included
sodium hydroxide (NaOH), sulphuric acid (H,SO,4) and
remazol Brilliant blue dye (1-amino-4-[4-(1-sulfonyl-
ethyl-2-  sulfoxy)]-2-(9, 10-anthraquinone)-sulfonic
acid; disodium salt). The 98.6 % NaOH (Ca # S 318-3)
and 98 % H,SO, (Ca #A 300 212) were obtained from a
Fisher scientific (Fisher scientific, Montreal, Quebec,
Canada). The remazol brilliant blue (dye content ~
50%) was obtained from Sigma (R8001, Ca # 22-324-7,
Sigma, Oakville, Ontario, Canada). The molecular
structure of the dye is shown in Table 2.

Preparation of stock solutions: The remazol dye
solution prepared in distilled deionized water at room
temperature has a pH of 7. In order to prepare dye
solutions with various pHs (1, 4, 10 and 13), the
following equations were used to calculate the amount
of NaOH or H,SO; to be added to the distilled
deionized water*’! ;
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Table 3:  The required amounts of NaOH and H,SO,,

pH Ions Calculated amount Required Amount ©
(mol/L)  (g/L) (g/L)

1 [H30"] 1x10™ 0.00981 H,SO4 10.01 H,SO4

4 [H307] Ix10* 0.004 H,SO4 0.01 H,SO4

10 [OH7] 1x10* 4.0 NaOH 0.0041 NaOH

13 [OH] 1x10" 9.81 NaOH 4.06 NaOH

@ based on 98 % H,SO, and 98.6 % NaOH

H,SO, molecular weight =98.1 g mol™

NaOH molecular weight = 40.0 g mol™

pH = - log [H;0"] for pH 1 and 4 (1)

pH=-log —X _ for pH 10 and 13 )
[OH]

Where:

[H;0] = the concentration of hydronium ions (mol/L)
[OH'] = the concentration hydroxide ions (mol/L)

K, =1.0x10™.

The required amount of NaOH and H,SO, are shown in
Table 3. For the solution with pH value of 13, 4.06 g of
electrolytic pellets of 98.6 % NaOH were placed in a
1000 mL volumetric flask and distilled deionized water
was added to bring the solution to 1000 mL. The
solution was mixed using a magnetic stirrer (120 MR,
Fisher scientific, Ontario, Canada) to insure complete
dissolution of the NaOH. From the above solution, 1
mL was transferred into a 1000 mL volumetric flask
and distilled deionized water was added to bring the
solution to 1000 mL. This solution contained 0.0041 g
NaOH per litter and had pH of 10.

For the solution with pH value of 1, 5.44 mL of
(10.01 g) of 98% H,SO, were placed into a 1000 mL
volumetric flask containing 500 mL distilled deionized
water. Then, distilled deionized water was added to
bring the solution to 1000 mL. For the solution with pH
value of 4, 1 mL from the above solution was placed
into a 1000 mL volumetric flask and distilled deionized
water was added to bring the solution to 1000 mL. This
solution contained 0.01 g L™ H,S0,

The pH of the prepared solutions was measured
using a pH meter (Accumet ® pH meter, 805 MP,
Fisher scientific, Montreal, Quebec, Canada).

Experimental protocol: The effects of two factors (pH
and temperature) with 5 levels each on the absorbance
measurement of remazol brilliant blue were
investigated. The five levels of pH were 1, 4,7,10 and
13 and the five levels of temperature were 15, 25, 35,
45 and 55 °C. The experiments were designed as 2°
factorials with 3 replicates. This resulted in 75
treatments.
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A volume of 500 mL of each of the five solutions
with different pH values (pH = 1,4,7,10 and 13) were
used. Three replicates were prepared for each pH
solution. A total of 15 flasks were used. A water path
(280, Precision Scientific, Winchester, VA, USA) was
used to maintain a constant temperature. The water path
temperature was adjusted to 15 °C. When the
temperature reached, the desired value, the flasks were
placed in the water path until the temperature of the
solution reached the desired temperature (one hour was
needed). An amount of 0.03 g of the dye was added to
each flask. The flasks were kept in the water bath for
additional 15 min. Samples were taking from each flask
to measure the absorbance of the solution using
spectrophotometer (Spectronic 601, Fisher scientific,
Montreal, Quebec, Canada) at 475 nm. The same
procedure was repeated for the other temperatures
(25,35,45,55°C).

RESULTS AND DISCUSSION

Effects of pH and temperature on the absorbance of
the dye: Figures 1 and 2 show the color measurements
(absorbance) of remazol brilliant blue at different pH
levels, temperatures and dye concentrations. Analysis
of variance was preformed on the absorbance data using
the SAS system (5 th ed, SAS, lastitrote inc, cery, North
Carolina) as shown in Table 4. Duncan’s multiple range
test was also preformed on the data in order to test the
differences among the levels of each factor as shown in
Table 5.

The results showed that changing the pH from 1 to
13 and / or increasing the temperature from 15 to 55 °C
did not seem to cause any significant changes in the
absorbance of both dye concentrations (65 and 300
mg L™). There are no reports found in the literature on
the effects of temperature and pH on the absorbance of
dyes in pure solutions, except for two reports one on the
thermal stability of cationic dyes (which are widely
used in dyeing of acrylic fibers) and the other on the
effect of pH on the fluorescent intensity of organic
fluorescent dyes (used as traces to track spray deposit
and drift during pesticide application).

Ma and sun*! studied the thermal stability of six
cationic dyes containing anthraquinone and quaternary
ammonium salt structures (3 mono-substituted and 3 bi-
substituted) using differential scanning colorimetric
(DSC) and thermo gravimetric analysis (TGA)
techniques. The dye samples were heated at 10°C min™'
in a nitrogen atmosphere. The DSC and TGA results
showed that the dyes were stable below 190 °C but
started to decompose between 205 and 400 °C resulting
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Fig. 1: Effect of temperature on the color

measurement of remazol brilliant blue
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in total weight losses of 20 %. No further weight losses
were detected above 400°C. Since anthraquinone
structures are thermally stable!*®, the decomposition of
the dyes was caused by their quaternary ammonium
structure (QAS). The thermal decomposition of QAS is
due to a de-alkylation reaction, a process regarded as
the reverse of quaternization of tertiary amines'*”**],

Zhu et al™ studied the fluorescent intensity of
several dyes (brilliant susfaflavine, fluorescein,
pyranine, tinopal and eosin) commonly used as tracers
for quantitative assessment of field spraying of
pesticides under different pH conditions (6.9-10.4). The
fluorescence of pyranine was the most sensitive to the
solution pH, flowed by fluorescein and tinopal, while
brilliant susfaflavine and eosin had a nearly constant
fluorescent intensity over the pH range of 6.9-10.4. The
fluorescence increased by 1.3, 1.25 and 3.0 times as the
pH increased from 6.9 to 8.4 for fluorescein, tinopal
and pyranine, respectively. No increases were observed
above pH of 8.4.

There is also limited information in the literature
on the effects of pH and temperature on the stability of
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Table 4:  Analysis of variance

Source DF SS MS P
Total 149 6.53795

Model 49 6.53788 0.13343

C 1 6.48794 6.48794 0.0001
P 4 0.02770 0.00692 0.1311
T 4 0.00771 0.00193 0.3271
C*P 4 0.00811 0.00203 0.0001
C*T 4 0.00478 0.00120 0.0001
P*T 16 0.00098 0.00006 0.2191
C*P*T 16 0.00066 0.00004 0.3761
Error 100 0.00007 0.00000

R*=0.99, CV = 64.5 %, C= concentration, P= pH, T= temperature

Table 5:  Differences among the levels of dye concentration, pH and
temperature
Parameter Level No. of Means Dancan
Obs. Grouping
pH 13 30 0.3066 A
10 30 0.3106 A
7 30 0.3327 A
4 30 0.3342 A
1 30 0.3403 A
Temperature (°C) 15 30 0.3146 A
25 30 0.3200 A
35 30 0.3242 A
45 30 0.3317 A
55 30 0.3339 A
Dye concentration 300 75 0.5328 A
(mg/L) 65 75 0.1171 B

Means with the same letter are not significantly different from each
other at 95% confidence level.

natural pigments. Paik et al.”” reported on the stability
of blue pigments obtained from the fruit of Gardenia
Jasminoides under pH and temperature ranges of 5-9
and 60-90 °C, respectively. Several authors®'?*!
reported on the stability of natural pigments produced
by the Monascus fungi species at wide ranges of
temperatures and pH levels.

Effects of pH and temperature on the structure of
the dye: The molecular formula of remazol brilliant
blue R dye [l-amino-4-[ 4-(1-sulfonyl-ethyl-2-
sulfoxy)]-2-(9,10- anthraquinone)-sulfonic acid;
disodium salt] is C22H16N2N3201183, Remazol brilliant
blue R is an aromatic compound that contains four
benzene rings (three of which make anthraquinone) and
amino, sulfonyl, ethyl, sulfoxy and sulfonic acid
disodium salt groups as shown in Fig. 3. Anthraquinone
is an aromatic organic compound, containing 3 benzene
rings with two oxygen atoms double bonded to carbons
9 and 10. The amino groups are attached to carbons 1
and 4, sulfonyl and ethyl groups are attached to carbon
3" and sulfonic acid disodium salts are attached to
carbons 2 and 8'. In amino group, one atom of nitrogen
is attached by covalent bonds two atoms of hydrogen,
leaving a lone valence electron on the nitrogen which is
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available for bonding to another atom. Sulfonyl group
is an organic radical or functional group obtained from
a sulfonic acid by the removal of the hydroxyl group.
Sulfonyl groups can be written as having the general
formula R-S(=0),-R', where there are two double bonds
between the sulfur and oxygen. Ethyl group is an alkyl
functional group derived from ethane (C,Hg). Sulfonic
acid is a hypothetical acid having the formula H-
S(=0),-OH. This compound is a tautomer of sulfurous
acid HO-S(=0)-OH, but less stable.

Under acidic condition (low pH), hydrogen ions
(H") reacts with the amino group (NH,) at carbon # 1 in
the anthraquinone third ring of the dye structure to from
NHj;. This results in the formation of the ionic form of
the dye [C5,H,7N,Na,0,,S;] " which has positive charge
on the NH; group. This new ion is less stable.
Therefore,two hydrogen atom from NH; " are released in
the form of hydrogen gas (H;), resulting in the transfer

of the positive charge to carbon # 4 as shown in Fig.
41301

CH 6N,NayOyS; + H+—>[C22H17N2N3201153] B 3)

[C2oH 7N>Na,041S5]" —=[CH sNoNayOS3]  + Ha(g)  (4)

Under alkali condition (high pH), the dye loses one
hydrogen ion (H") from carbon # 7' which reacts with a
hydroxyl group (OH") from the alkaline media to from
water (H,O). This results in the transformation of the
neutral compound to an ionic form having a negative
charge at carbon # 7' [C,H;sN,Na,0,;S;] ". Electrons
are then transferred from the adjacent sulfonyl group to
carbon # 7' resulting in a structure that has a sulfur
carbon double bond (S=C) and a negative charge on the

oxygen atom of the sulfonyl group as shown in Fig. 5
54]

CpH gN;Nay0,S; + OH” — [Cy,H sNpNa; 0y S3] "+ H,O  (5)

The transformation of the dye from a neutral
compound to an ionic form facilitates its removal from
solutions by several removal techniques. However, the
effectiveness of these techniques is influenced by the
temperature and pH of the medium as reported by
several authors.

Liversidge et al.> examined the use of linseed oil
cake as an adsorbent for selected dyes. The enthalpy of
adsorption was found to be endothermic and the
adsorption capacity of the linseed cake for the dye
decreased with increasing temperature.

Alok et al.P% carried out an adsorption experiment
using different concentrations of malachite green (MG)
in the range of 1 x 107 to 1 x 10* M at a fixed pH of 5
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Fig. 3: The structure of remazol brilliant blue R dye

Fig. 4: Proposed mechanism for the effect of acidity
(low pH) on the structure of remazol blue
dyel”

and different temperatures (30, 40 and 50 °C). The
adsorption increased with increased in temperature,
which indicated that the ongoing adsorption process is
endothermic in nature.

Saquib and Muneer®” evaluated a semiconductor
mediated photocatalysed degradation of the dye
remazol brilliant blue R under sunlight and an artificial
light source, employing Degussa P25 and UV100 as
photocataysts under pH values in the range of 3 - 11.
The pH of the solution was adjusted before irradiation
and was not maintained throughout the reaction. A
decrease in the pH of the reaction mixture was observed

[57
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Fig. 5: Proposed mechanism for the effect of acidity
(high pH) on the structure of remazol blue
4]

dyel®

at the end of illumination. It was observed that under
sunlight, the highest efficiency for the degradation of
the dye was observed at pH 3, which slowly decreases
with the increase in pH of the reaction mixture. On the
other hand, when the reaction was carried out under UV
light, higher efficiency was observed at pH 9, whereas
the efficiency for the degradation of the dye at pH 3,5.2
and 11 was similar.

Patricia et al B evaluated different
electrochemical methods for the oxidation and
degradation of reactive blue 4 in aqueous solution. The
oxidation on glassy carbon electrode and reticulated
vitreous carbon electrode occurred in only one step at
2.0 <pH <12 involving a two-electron transfer to the
amine group leading to the amide derivative. Dye
solution was not decolorized -effectively in this
electrolysis process. Nevertheless, the oxidation of this
dye on Ti/SnO,/SbOx (3% mol)/RuO, (1% mol)
electrode showed 100% of decolorization and 60% of
total organic carbon removal in Na,S040.2 M at pH 2.2
and potential of +2.4 V.
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Muthuraman and Palanivelu® conducted a laboratory

study on supported liquid membrane (SLM) system for
removal and recovery of textile dye from the aqueous
solution using renewable, non-toxic, natural vegetable
oils. The study was carried out at different pH levels (7-
14). Dye transport rate increases with increasing the pH
and maximum extraction (as well
transport) was achieved at a pH of 11.0. However, at a
pH value higher than 12, the dye transport and extract
efficiency diminished.

Alok et al.®® studied the Removal and recovery of
malachite green (MG) from wastewater using an
agricultural waste material (de-oiled soya). The process
of adsorption of MG on de-oiled soya was highly pH
dependent and a maximum uptake of the dye took place
at a pH of 5. Beyond this pH, adsorbent attains the
same maximum value.

Daneshvar et al®™® investigated the effectiveness
of biological decolorization of synthetic dye solution
containing malachite green. Batch experiments were
carried out at different initial dye concentrations (2.5—
12.5 ppm), temperatures (5-35 °C) and pH values (2.5—
10) wusing various types of algae (Cosmarium,
Chlorella, Chlamydomonas and FEuglena). The
decolorization was dependent on the dye concentration,
pH, type of algae and temperature, but the pH had the
largest effect on dye removal. The optimal dye removal
was achieved at a temperature of 25 °C, a pH of 10 and
a dye concentration of 5 Fpm using Chlorella.

Antonio et alP” used synthesized silica—
aminopropyl (Sil-NH,) to quantify the roles of
temperature and pH in the adsorptions of blue and red
remazol dyes in aqueous medium. The method was
carried out at temperatures in the range of 25 -50 ‘C and
pH values in the range of 3.0 - 6.0. The effect of pH on
the absorbance of the dye (mg dye/g Si-NH, )was more
pronounced than the effect of temperature. The
adsorption Gibbs free energies (AG) were influenced by

as maximum
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pH, dye concentration and temperature changes did not
affect the AG values significantly.

Lopez and Gutierrez®” conducted a study to
optimize the electrochemical decolorization of textile
effluents containing reactive dyes. The electrochemical
decolorization was carried out at a pH levels in range of
5-12 and temperatures in the range of 20-25 °C. 100%
of decoloization was reached at a pH of 5 in 1 min
whereas at a pH of 9, a decoloization of only 12% was
acheived.

Proposed procedure for colorimetric measurement
of remazol brilliant blue: The results indicated that
both the pH and temperature have no effects on the
absorbance of the dye, thus affirming its stability under
alkaline and acidic conditions within the temperature
range studied (15-55 °C). Therefore, in order to
determine the concentration of the remazol brilliant
blue dye in a solution using the colorimetric techniques,
a standard curve can be developed from the standard
solution of remazol brilliant blue dye which can be
prepared by dissolving 0.1 g of the dye in 1000 mL of
distilled deionized water (pH= 7) at a temperature of 25
°C. Then, a set of 9 solutions with remazol blue dye
concentrations of 10, 20, 30, 40, 50, 60, 70, 80 and 100
mg L' should be prepared. Finally, the absorbances of
the prepared solutions can be measured (in triplicates)
using spectrophotometer at 475 nm. The absorbance
measurments are then plotted against the known
remazol blue dye concentrations (mg/L) as shown in
Fig. 4. A blank sample should be used to zero the
spectrophotometer.

CONCLUSION

The effects of pH and temperature on the stability
and color measurements (absorbance) of the dye
remazol brilliant at different dye concentrations were
investigated. Changing the pH from 1 to 13 and /or the
temperature from 15 to 55 °C did not have any
significant effect on the absorbance at both
concentrations of remazol brilliant blue (65 and 300 mg
L™). However, under acidic or alkaline conditions, the
neutral compound Cy,H;¢N,;Na,Oy;S; is transformed to
an ionic form with either negative [C,,H;sN,Na,01;S;]"
or positive charge [CyH;sN,Na,Oy;S;] ’ thereby
facilitating its removal by various removal techniques.
For evaluating the effectiveness of any dye removal
technique using the colorimetric methods, a standard
curve can be constructed at the ambient conditions (a
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pH of 7 and a temperature of 25 °C) and used to
determine the concentration of the dye.
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