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1. Introduction

Textile industry is an important industry among dhiféerent industries in
India. A variety of synthetic complex organic dyssoften used by textile
industries as the coloring materials of the texglmods for their bright and
attractive look. Subsequently due to dischargetdaRktile wastewater contains a
huge amount of dye, causing a great extent of fomlii1]. Recent estimates
indicate that approximately 12% of synthetic dyssduevery year are lost during
manufacture and processing operations and entradieous environment [2].
Dyes include a broad spectrum of different chemistlictures, primarily
substituted aromatic compounds with heterocyclaugs. Most of these are the
suspected carcinogens [3]. Due to their complexnata structure the organic
dyes remain fast for the lifetime of the fabric, miat breakdown on exposure to
sunlight, water, soap, etc. and therefore thernreat of dye wastewater is very
difficult [4+9]. Color in wastewater is an obviouslicator of water pollution due
to dye and pigment [10]. The characteristics ofvlastewater from a dye house
are highly variable from day to day, and even hourour, depending on the type
of dye, the type of fabric and concentration of flxing agents added. The
discharge of dye house wastewater into the envieohmnis aesthetically
displeasing, impedes light penetration, damagesqtradity of the receiving
stream and may be toxic to treatment process,dd @hain organisms and to
aguatic life. As the degradation of dye moleculasthe environment by
microorganisms is likely to be slow [11], it is gdde for high levels of dye to
persist, and potentially accumulate. Further, dificult to eliminate color from
wastewater by conventional flocculation or biodelgtaon. The development of



Mitali Sarkar, Mahadeb Das

ecologically and economically viable method for cteee dye removal is
therefore a worthwhile task to meet the high spewhter demand of the textile
finishing industry.

Several techniques ranging from physico-chemicditdogical methods
for dye removal are available. The performance aijmer depends largely on the
dye load, presence of other chemical componentgehss the organic load. Post
dying wastewater treatment following co precipttatand sorption processes are
evaluated by Anielak in a recent review [12]. Otlolyemical processes are
oxidative degradation using ;0OH,0O,, Peracids, Fenton’'s reagent as well as
electrochemical oxidation, alum treatment and gudigor [13+16]. Biodegradation
potential of different dyes as well as their influe upon the work of activated
sludge can be assessed from the work of Anielgk flitaline fading of some azo
dyes are reported in the literature [18, 19]. Thesent study deals with alkaline
fading of malachite green, a triphenylmethne dyemfaqueous solution using
sodium hypochlorite solution and the fate of CO&dlidor this operation.

2. Materials and methods

All the chemicals of the present investigation weirdnalR grade. The
dye, malachite green (formula weight 364.9) or Bdsic green 4 (C.l. 42,000)
was obtained from E. Merck Limited, India. The dyas further purified by
recrystallisation. Solution of NaOCI (approximatdBt w/v available chlorine)
was obtained from BDH, E. Merck Limited, India. THesired concentrations
of NaOCI for the experiments were made subsequeAtighimadzu UV-VIS
recording spectrophotometer (model no. UV-2401PQG3s wused for the
absorbance measurement.

3. Experimental procedure

With the pure malachite green, a stock solutioBX3.0° mol.dni®) was
made dissolving it in de-ionized water. An aliqed20 cni of MG solution is
pipetted into test tube, kept in a water bath eoegp with a contact
thermometer. Sodium hypochlorite solution of desitencentration was added
to it and the dye concentration at a regular irgtleof time was evaluated from
the absorbance value at 617 nm. The volume of Na©€& maintained that the
dilution effect is negligible. The blank experimestiows further that there is no
adherence or adsorption of MG on the container swallhree sets of
experiments were performed as follows:

» varying dye concentration for a fixed concentratioh NaOCI and the
temperature,

» varying NaOCI concentration for a fixed concentmatiof dye and the
temperature,
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» varying temperature for a fixed concentration ofedand a fixed
concentration of NaOC| and at each case the dyeetdration in the
solution is measured.

4. Results and discussion

Malachite green (MG), an important member of theh&nylmethane
dyes shows the absorption maxima.f at 617 nm. The intense color of dye is
caused by the extended conjugated system among firenyl rings. The
absorbance of malachite green is directly propodido its concentration and
follows the Lambert Beer’s law in the concentratiamge 2.0.18to 1.0.1¢°
moldni®. Five replicate determinations of the dye absarbaralue at 617 nm
indicate the reproducibility with standard deviati®.005. The modeling of
fading of MG with time requires the optimization @ferational variables like
concentration of both the dye and NaOCI, time asmperature. The study
involves variation of one variable at a time andpiag all other variables fixed.

4.1. Effect of initial dye concentration on theifagipattern of MG

The fading behavior of MG in aqueous solution byOd& was studied
by monitoring the change of dye absorption at 647 With lapse of time, the
absorbance value was found to decrease as showig ih. The data for the
absorbance-time profile can well be fitted to aypomial of 3" degree with a
correlation factor of 0.9986 for dye concentratiof5.10° moldni® and NaOCI
concentration 1.0.10moldm?®. Similar nature of curves but with different
absorbance values were observed for other dye otatens ranging from
1.19.10°to 5.7.1F moldm?®. The data corresponding to each curve was fitted i
the 5" degree polynomial in a variable time (t) in thédwing equation (1),

Abs = g+ aut + &P+ at’+ aut'+ &t (1)

The corresponding coefficientg-a& for the polynomial were evaluated
(Table 1) from the work spread sheet of Excel Miofbcomputer programming.

The absorbance data from the figure 1 were utilimedalculate the
percent decrease in dye concentration, correspmifigiding or decolorization,
which was plotted against time in Fig 2. It is alvedl that the extent of dye
fading is different and depends on the initial dymcentration taken. For a
fixed concentration of NaOCI, more the dye concaitn less is the extent of
fading. Further, it is evident from the figure tladout 93.6% fading occurs in
30 minutes for 1.05.10moldni® dye. Within the dye concentration range from
1.19.10°to 5.7.1¢° moldmi® and fixed NaOCI concentration (1.0:1®oldni®)
fading was however found to increase from 91.888%.
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Fig. 1. Degradation pattern for variable dye and fixedduofgdorite concentration
Rys. 1.Krzywe obniki dla zmiennego stenia barwnika i stategoegenia podchlorynu

Table 1. Coefficient of the polynomial and correlation di@ént values for fixed
[OCI'] and variable [MG] at 303K

Tabela 1.Wartaici wspoétczynnikéw wielomianu oraz wspotczynnikowrétacji dla
stalego stzenia OCT i zmiennego stzenia zieleni malachitowej (ZM)

w temperaturze 303K

MG].10°
Emol]dm’a) % -a.10° 2.10° -5.10° a.10 -a. 10 R?
1.19 1.587 9.586 4.236 21.189 0.585 5.736 0.99
1.05 1.401 8.759 1.728 -1.232 -0.104 -1.239 0.99
0.76 0.993 7.213 3.180 11.900 0.264 2.291 0.98
0.57 0.496 5.703 0.579 -1.622 -0.006 -0.545 0.98
[OCI = 1.0.1¢ moldm?
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Fig. 2. Percent decolorisation for variable dye and fiRgdochlorite concentration
Rys. 2.0dbarwienie w % dla zmiennegeztnia barwnika i stategoegtenia podchlorynu
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4.2. Effect of NaOCI concentration on the fadindvisd

The effect of NaOCI concentration on the fadingAs was investigated
keeping the dye concentration fixed (1.05.18oldm? and varying the NaOCI
concentration (1.0.10to 2.75.1¢ moldni®). The corresponding absorbance—time
profile is presented in figure 3. The absorbande dee fitted to a polynomial of
degree 5, similar to equation (1). The polynomiaeficients (a;-a’s)
corresponding to each curve are presented in 2ablde correlation factors are
found to be > 0.9897. This suggests that the damabe well fitted to the's
degree polynomial. The percent decrease of dyesotration or the extent of dye
fading for each NaOCI concentration is plotted agfiime in figure 4. A greater
extent of dye fading is observed in case of NaOi@i higher concentration. In a
typical experiment with a fixed dye concentratidn06.1¢ moldni®) as the
NaOCI concentration increases from 1.d.1® 2.75.10 moldni®, extent of dye
fading increases from 64.3 to 93.6%.

1.5
I ——10
2
o —=—6.41
2 0.5+
< —a—3.98
—=—2.75
0 T T T 1
0 10 20 30 40

Time (min)
Fig. 3. Degradation pattern for fixed dye and variabledgfporite concentration
Rys. 3.Krzywe obniki dla statlego stzenia barwnika i zmiennegoegenia podchlorynu

Table 2. Coefficient of the polynomial and correlation digént values for fixed
[MG ] and variable [OC] at 303K
Tabela 2.Wartcsci wspotczynnikéw wielomianu oraz wspotczynnikowédacji dla
stalego stzenia ZM i zmiennego atenia OCI w temperaturze 303K

ES](O:H nﬁ?; aj .10 | ayll | -a3.10 | a1l | -asl1d R?

10.01 1.401 8.759 1.728 -1.232 -0.104 -1.239  0.9988
6.42 1.394 5.270 0.002 -8.041 0.00% 1.085 0.9998
3.98 1.395 2.801 -0.752 -1.247 0.007 1.502 0.9977
2.75 1.400 2.388 0.002 2.878 0.11% 1.253 0.9989

[MG] = 1.05.16 moldm?®
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Fig. 4. Percent decolorisation for fixed dye and varidbpochlorite concentration
Rys. 4.0dbarwienie w % dla stateg@atnia barwnika i zmiennegagggénia podchlorynu

4.3. Effect of temperature

In order to investigate the effect of temperaturéviis fading, the study
was made for a fixed dye (1.05Afoldni®) and NaOCI (1.0.16 moldm®)
concentration at four different temperatures fro@8 2o 308 K. A blank
experiment was performed for each temperature. 3iosvs no change in dye
concentration itself due to temperature variatibhe absorbance-time profile
curve for each temperature is presented in figuréh® absorbance data were
fitted to a polynomial of 8 degree, similar to equation (1). The corresponding
polynomial coefficients (a*a’s) and the correlation factors are given in table 3.
Higher values of correlation factors (> 0.9987) evesbtained. Figure 6
represents the extent of dye fading (the percetitedse in dye concentration)
with lapse of time. It is observed that the exteihtlye fading increases as the
temperature increases. With temperature increase 293 to 308 K the extent
of dye fading increases from 69.3 to 98.6% withihr@inutes for the present
MG (1.05.10 moldni®) and NaOCI (1.0.16moldni®) system.

15

8 —e— 293
s 1 —- 208
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8 05 —a— 303
-:i —=— 308
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Fig. 5. Degradation pattern at different temperatures
Rys. 5.Krzywe obniki przy r&znych temperaturach
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Table 3. Coefficient of the polynomial and correlation do@ént values for fixed
[OCI] and [MG] at variable temperatures
Tabela 3.Wartcsci wspotczynnikéw wielomianu oraz wspotczynnikowédacji dla
statego stzenia OCTi ZM w przy r&znych temperaturach

Temp (K) a'y -a'.10 | a%.10 | -a%3.10 | a%10 | -a%.10¢ R
293 1.402 17.442| 10527 114674  9.287  250.441  @.999
298 1.403 11.805| -1.426 -81.448  -4986  -96.331 9&¥9
303 1.401 8.759 1.728 -1.232 -0.104 -1.239 0.9988
308 1.406 5.484 0.213 -2.428 -0.00 -0.719 0.9989

[MG] = 1.05.16 moldm? ; [OCI] = 1.0.1d moldni®
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Fig. 6. Percent decolorisation at different temperatures
Rys. 6.0dbarwienie w % przy tdych temperaturach

4.4. Kinetics of fading

It is observed from figure 2 that thg,tthe time required for 50% of the
total fading of 1.05.10 moldni® MG requires only 10 minutes and 80%
degradation occurs in 22 minutes. This indicated the process is fast and
kinetically feasible. The rate of reaction was nmeed by monitoring the
absorbance of the dye solution at 617 nm whereth#r substances including
the reaction products are transparent and no atsewgre made to detect any
intermediates or reaction products. Only dye cotreon was calculated at
different times and not the NaOCI concentratioms found that the decrease in
dye absorbance was faster at the initial stage m@gpect to color intensity of
pure dye. The dye decolonization was much sluggidine subsequent stages.
The ‘initial rate’ method was adopted in the preésgituation for fitting the
absorbance time data in the rate equation.

The initial degradation rate of the dye by NaOQlildobe obtained as
the negative of the differential coefficient of baaf the fitted equations at time
zero i.e. -afrom the polynomial (1) [as —d/dt(absorbancey &]. The double
logarithmic plot of -ga against the dye concentration gives a straigletwith a
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slope 1.003 as shown in fig 7. This implies that flading of MG by NaOCl is
proportional to the first power of [MG] at the iiait stage of reaction. The initial
rate of fading of MG under the condition of an esccef [NaOCIj to [MG], and
constant [MG] similarly can be obtained as rdrom polynomial equation
[table 2]. The double logarithmic plot of -;aagainst [NaOCI] again yields a
straight line with a slope of 0.9998 (Fig 8) inding that the fading of dye is
proportional to the first power of [NaOCI] at thatial stage of reaction.

1
0.9 ~
0.8
0.7 A
0.6 1
0.5 \ ‘ ‘

0.75 0.85 0.95 1.05 1.15

log (-a1)+2

log [dye]+6

Fig. 7. Logarithmic plot between tand initial dye concentration
Rys. 7.Wykres logarytmiczny —aw funkcji pocatkowego s¢zenia barwnika
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log [Ocl '1+6

Fig. 8. Logarithmic plot between gand added hypochliroite concentration
Rys. 8.Wykres logarytmiczny —aWw funkcji sezenia dodanego podchlorynu

Thus, a kinetic model for fading of dye was assuaedeing first order
with respect to both [dye] and [OCI

Rate = -d@/dt = k.[dye].[OCI] )

where k is the rate constant (tmol'sec); Cp is the dye concentration
(moldm?®).
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Under the condition of large excess of NaOCI, iraéign of equation
(2) yields,

InC; =InC, — k't 3)
where K’ is the observed rate constant {OKI™)

A plot of InG vs time yields a straight line with a slope k’dF9) with
high regression parameter?(R0.9984). The rate constant value subsequently
evaluated from k’ is found to be 17.76 3inol*sec' at 303 K.The rate constant
parameters for different temperatures were similalaluated from the
corresponding rate equation. The rate constanevats found higher at the
higher temperature. In order to find out the attbraenergy a plot of Inkvs.

1/T was made (Fig. 10) according to Arrhenius equai4)

Ink; = InA — E/RT 4)
where A is the frequency parameter, T is the alesdemperature, R is the

universal gas constant and E is the activationggnédrihe activation energy thus
obtained from the slope of the Arrhenius plot wasl to be 16.48 kcalmtt ™.

25 —— 293
2 —a— 208
g 18 s 303
£ 1

—x— 308
0.5 —

o T T 1

0 5 10 15

Time (min)

Fig. 9. Plot for evaluation of rate constant parameter
Rys. 9.Wykres do oceny statej szybda reakciji
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Fig. 10.Arrhenius plot for activation energy
Rys. 10.Wykres Arrheniusa dla energii aktywacji

4.5. Comparison of dye decolorization and COD reamhov

All the results reported so far are based on ther ctecay at 617 nm. In
order to find out the fate of organic load due ye degradation by NaOCI the
COD of the dye solution at different times were swad by dichromate
sulphuric acid oxidation method [20]. Percent C@bhoval was calculated as a
ratio of the difference in the COD values of thegdye and that at any time
during the reaction, and for the pure dye. It isemted that with progress of dye
removal with lapse of time, COD should also deaed@scomparison between
the COD removal and dye degradation is presentéidune 11. It is interesting
to note that at each time the dye removal is moaa the COD removal. The
difference between the percent dye degradation pmrdent COD removal
during alkaline degradation reaction is probablydbe to generation of some
colorless intermediate organic products that cbuatd to COD value. Such
discrepancies have also been reported for the twidadegradation of
Methylene blue and phenol [21].

100 -+
% 80 -
o 60 - —e—COD
é 40 - —= Dye
< 20 -
0 T T T 1
0 10 20 30 40

Time (min)

Fig. 11.Comparison between percent decrease of dye and COD
Rys. 11.Poréwnanie procentowe] oliki stezenia barwnika i ChZT
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Alkaliczna degradacja wybranego zasadowego
barwnika przez zastosowanie podchlorynu sodowego ax
pozostatdé ChZT w srodowisku wodnym

Streszczenie

Widkiennictwo jest wanym przemystem wéd innych gaizi przemystu
w Indiach. Wiele rénych syntetycznych kompleksowych organicznych béwa jest
czesto wywana zaktady widkiennicze do barwienia towarow kidaniczych aby
poprawt ich wyghd. Nasgpnie z powodu zrzutu barwnikéwécieki widkiennicze
zawieraj ogromn, ilos¢ barwnikéw, powodujc dwy wzrost zanieczyszczenia. Niedawne
szacunki wskazaj ze okolo 12% barwnikéw syntetycznychliywanych co roku jest
tracone podczas produkcji oraz procesow przetwazamafia dosrodowiska wodnego.

Istnieje szereg daginych metod usuwania barwnikéw od fizyko-chemicinyc
do biologicznych. Inne stosowane procesy chemi¢anetlenianie przy zastosowaniu
0s, H,0,, nadkwaséw, odczynnika Fentona jak rovenéektrochemiczne utlenianie,
stosowanie atunu i adsorpcja.

Przedstawione w artykule badania dotyedkalicznej degradacji zieleni nauka
zadaje zasadowy spiefajsk z zieleni malachitowej, barwnika trifenylometan@oge
z roztworu wodnego przy zastosowaniu roztworu plmtghu sodowego a tak zmiany
tadunku ChZT w czasie reakcji. Wykonano trzy etdpgda, w ktdérych badano
degradag barwnika przy: zmiennym gteniu barwnika oraz stalymegeniu NaOCI
i statej temperaturze, zmiennynezgniu NaOCI przy statym &teniu barwnika i statej
temperaturze, zmiennej temperaturze przy stalyeliesiach barwnika i NaOCI.
W kazdym przypadku mierzonoegenie barwnika w roztworze.

Analizujac wyniki mazna zauway¢, ze wzrost usurtia barwnika jest gy
i zalezy od jego pocgtkowego sizenia. Zauwono rownie, ze wraz ze wzrostemesenia
NaOCI wzrasta stopfeusunécia barwnika orazze wraz ze wzrostem temperatury wzrasta
rowniez stopiéh usungcia barwnika. Interesage jest spostrzenie,ze w kadym badanym
przypadku stopie usungcia barwnika jest wksze ni obnizka ChZT. Rénica pomgdzy
procentowym usugciem barwnika i procentaywobnizka ChZT podczas reakcji zasadowej
degradacji jest prawdopodobnie spowodowana powstamabezbarwnych goednich
produktéw organicznych, ktére przyczymiagie do wzrostu wartei ChZT. Podobne
zaleznoici uzyskano rowniepodczas utlenianiadiitu metylenowego i fenolu.
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