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ABSTRACT: Three binary dye mixtures prepared from the basic textile dyes Astrazon Blue FGRL (AB), Astrazon Red
GTLN (AR), and Astrazon Golden Yellow GL-E (AY), were employed to demonstrate two different mixture characteristics.

The first type of mixture (AB + AY) was the case where the optical absorbance spectra of the dye mixtures exhibited double
peaks. Each peak occurred at the same wavelength as the single dye and the area under each light absorbance curve varied
with the concentration of the dye in the solution. The second type was the case of the other two mixture combinations
(AR +AY and AB + AR) whose spectra exhibited a single peak. In this case, shifts of the spectral peaks were observed as
the composition of the mixture changed, and the area beneath the light absorbance curve corresponded to the quantity of
the dyes in the mixture. With these techniques, it was possible to determine the quantity of each individual dye component

in the binary dye mixture. The application of these techniques was demonstrated through estimation of the amount of dye
adsorbed from simulated dye wastewater by dried bioma€swoferpa lentillifera

KEYWORDS: mixed dyes, wastewater, spectrum, biosorbent algae, polynomial fit, spectrophotometry

INTRODUCTION sure dyes in binary mixtures using their light absorp-
tion. The application of this technique is demonstrated
Dyestuffs play an important role in the textile, food,using a dye mixture adsorbed onto a dried biomass
and cosmetic industries. The textile industry, onef the green macroalg€aulerpa lentilliferawhich
of the major industries in Thailand, consumes larghas been proposed as an effective biosorbent for basic
amounts of dyes and the resulting wastewater is oftatyes’.
treated with conventional secondary treatment sys-
tems. However, there are still some components SUWTERIALS AND METHODS
as dyes, heavy metals, bleaching agents, and inorgafiice basic dyes examined were Astrazon Blue FGRL
salts, that remain in the effluent and are highly toxi¢AB), Astrazon Red GTLN (AR), and Astrazon
to aquatic biotd. The treatment of this wastewaterGolden Yellow GL-E (AY), all supplied by Dystar
requires that the measurement of dyes is accurate andai Co., Ltd. AB consists of C.I. Basic Blue 159 and
reliable. C.l. Basic Blue 3 (weight ratie- 5:1). AR consists of
Typically, the measurement for a single dye so€.l. Basic Red 18:1 and C.I. Basic Yellow 28 (weight
lution is performed using a simple spectrophotometricatio ~ 40:1). AY has only one component, C.I. Basic
technique as most studies on the treatment of colour&@llow 28.
wastewater have only focused on single-dye sys- The dyes were dried at 60 °C in an oven to ensure
tems’. However, a mixed dye system is more likelycertain weight. Stock solutions of the dyes (1 g/l)
to occur in actual applications, and therefore a simpleere then prepared using deionized water. These were
and accurate technique to measure mixed dyes woukter diluted to 50 mg/l and their light absorbance
be extremely useful. Standard methods to measure tivas measured at wavelengths of 400—700 nm. UV-
colour intensity of a mixed dye solution only measure/IS spectra were determined on a Spectronic Helios
the overall colour intensity of the mixture, and cannotlpha spectrophotometer operated withsMN32,
indicate the concentration of each individual d&fe ~ and 1 cmx 1 cm quartz cuvettes (Starna) were used
This work proposes a simple technique to meaas sample cells. All measurements were performed at
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25°C. 3

Binary dye mixtures of AB+AR, AB+AY, and __ @ 0 AB
AR +AY were prepared in various mass ratios. Thé 257 AAMMAA AAR
light absorbance of the mixtures was measured uswg 2 | £ AAA o AY
the procedure described above. %, A@g@ oo

To study the adsorption of dyes by algae, twcg 159 8 % & a Q%ttbog
dye mixtures (AB+AR and AB +AY) were prepared @ ,AAA % DEPD AA
with a mass ratio of 1:1 (using 50 mg/l of AB, AR, g 4 s N gt
and AY). Flasks containing 0.1, 0.5, and 0.9 g o5 95 @‘F’éoo O, %QJC%
dried C. lentillifera in 30 ml of the dye mixture  ° ‘ B :

(resulting in algae concentrations of 3.3, 16.7, and 400 450 500 550 600 650 700
30 g/l, respectively) were placed in a shaker operating
at 130 rpmfor 1 h. The residue dye mixtures were then
collected and their absorption spectra (400-700 nm)
were determined as previously descriBed

184 0 o,
RESULTS AND DISCUSSION T & O sty s ARAY
Absorbtion spectra for single dyes and binary dye § 144 ° 5% , © AB+AY
mixtures 31200 N
| 7AN

The spectra of each individual dye (AB, AR, and AY)g
exhibited a single peak(g. 1a). The wavelengths of E
maximum light absorptionXy) for AY, AR, and AB, 2
were 448, 495, and 572 nm, respectively.

Three sets of new colours were obtained when

mixing two dyes together, i.e. violet from AB and AR, 400 450 500 550 600 650 700

green from AB and AY, and orange from AR and AY. Wavelength (nm)

For AB + AR and AR + A, the spectra were found to_. ) . .
. ! . 1 Spectra of led b) b d t .

have a single peak, whereas AB + AY showed a doubIFeIg pectra of (a) single dyes (b) binary dye mixtures

peak Fig. 1b).

Mixture with a single-peaked spectrum cubic polynomials,

The value of\,, for AB + AR and AR + AY was found 3 9
to be related to the mass fraction of each dye in the Am = —2742ag + 449 23g — 102208 + 500, (1)
mixture (Table ). However, the relation was not (R?* = 0.9905)

linear and hence the experimental results did not agreey _ 37,3 1 9022, — 4xar + 448 )
well with the predictions from the weighted mean AR AR ) ’
method Fig. 2). The data could be fitted better to the (R” = 0.9955)

Table 1 Dependence ok, on mass ratios of dye components.

Mass of dye component in AB+AR Correspondikg Mass of dye component in AR +AY Correspondihg

AB (mg) AR (mg) for AB+AR AR (mg) AY (mg) for AR +AY
0 0.200 495 0 0.200 448
0.025 0.175 498 0.025 0.175 449
0.050 0.150 500 0.050 0.150 454
0.075 0.125 505 0.075 0.125 457
0.100 0.100 524 0.100 0.100 462
0.125 0.075 546 0.125 0.075 472
0.150 0.050 563 0.150 0.050 482
0.175 0.025 569 0.175 0.025 488
0.200 0 572 0.200 0 495
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AB ratio 0.0 — ‘ ‘ 5
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500 ﬁ Wavelength (nm)
(b) o Actual . .
490 - . & Fig. 3 Spectra resulted from varying component mass
X  Weighted mean X S ) ] o
480 4 . Model < 9 ratio in AB+AY. The numbers in the figure indicate
E X o - the mass ratio of AY (mg):AB(mg) in the binary mix-
i 470 7 X ture: (1) 0.200:0.000; (2) 0.175:0.025; (3) 0.150:0.050;
460 X __o,.-*’o (4) 0.125:0.075; (5) 0.100:0.100; (6) 0.075:0.125; (7)
450 o é Q-+ 0.050:0.150; (8) 0.025:0.175; (9) 0.000:0.200.
4407{ ‘ ‘ ‘ ‘
0 0.2 0.4 06 08 1 each dye component as is discussed later.
AB ratio

Case study: adsorption experiments

Fig. 2 Wavelength of maximum light absorption{) as a The adsorption experiments were conducted as a case
function of the mass fraction of (a) AB in AB + AR mixture study for the application of the proposed measuring
and (b) AR in AR + AY mixture. technique. The total amount of dye removed can be
calculated from the decrease in the area under the
] _ peaks (Figsda anddb). In the case of AB + AR, up to
wherezag andzar are the mass fractions of AB in ggos removal could be achievesig. 4c).
AE’ +AR, and AR in AR +AY, respectively. The high Using the above technique, only the total amount
R* indicates the suitability of the polynomial modelyf gye removed could be calculated. To determine
to the experimental data. With this technique, the dyge removal percentage of each individual dye compo-
component ratio in the mixture could be determineﬂem, we examined the shift i, after the adsorption
from Am. _ . _ process Fig. 4a). Without adsorption (no algae),
The binary dye mixture with a single-peak spec  occurred at 524 nm, and it shifted to 512 and
trum is similar to the case of dyes such as AB49g nm after adsorption to algae at concentrations of
which have two components. Therefore the analysis 3 and 16.7 gll, respectively. This new, could
for the quantity of the mixture at each particulafinen pe used to determine the mass fraction of the dye
composition could be performed using conventmnaéomponentS by usingl) or Table 1 We found that
methods where the concentration was related to tl)(am of 512 nm and 496 nm correspondedatgs of

area underneath the light absorbance curve. 0.39 and 0.22, respectively. To calculate the quantity
. ] ] of each dye at these nely,, two calibration curves at
Binary mixtures with two spectral peaks these two wavelengths were constructEity( 5) and

The spectra of AB + AY mixtures exhibited two peaksthe equations for the absorbance as a function of the
(Fig. 3. The peaks occurred at the values)af for  total dye concentration are

AY and AB. Hence, it was speculated that the left peak

represented the AY component whereas the right one 4 = 0.0356 Ct +0.0024,  (R? = 0.9982) (3)
represented the AB component. This was proven to A = (0.0389 C; + 0.0017, (R* =0.9997) (4)

be correct in the experiment where the mass ratio of

AB +AY was varied (and different shades of colourwhereA is the light absorbance ardd is the total dye
were observed), and the two peaks still occurred at trimncentrationKig. 5).

same wavelengths of AB and A¥ig. 3. The area After the calibration curve equation was devel-
under each peak was linearly related to the quantity afped, the maximum light absorbancé.{) or the
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= 141 () XXX < no alga i
< 000 00% O with 0.1 g alga 2 AR : AB o
g 121 ° o A with 0.5 g alga < ' ©
S 1 <><><> pb00og X% e o .
g <>°0 o DDD[] Oo% o with 0.9 g alga 815 ©0.39:0.61
5 081 & N F 00.22:0.78
2061 & O o 2
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Wavelength (nm) 0 2]
12 T T T T T 1
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< 1 $ % o with 0.1 g alga :
P S Q ) Total concentration (mg/l)
2 08¢ % awith 0.5 g alga
g 06 %o o with 0.9 g alga
o 07 EoY
2 ., R &0@&° %%, Fig. 5 Calibration curves of AB+AR with mass ratios
= e %%0 (AR:AB) of 0.39:0.61 and 0.22:0.78.
3 0.2 4 Bg
)
, 1686688660008 aar BE82R RRRRRAAE m o Siwan
400 450 500 550 600 650 700 where(; is the initial concentration of each dye com-
100 Wavelength (nm) ponentC is the concentration of each dye component
9 1 © 7 8 after being adsorbed” is the mass of adsorbent, and
% go4 O o V is the volume of the dye mixture.
T 704 4 ¢ A summary of the results from this experiment
£ gg 1 with the adsorbent dose of 3.3 and 16.7 g/l is given
= e 022+AR in Table 2 The adsorption with 30 g/l of algae
O . .
é 304 o AAY concentration resulted in a flat peak andXgpcould
g 20+ not be observed. Hence in this particular case, the
18 E estimation of each dye component in the dye residue
0 10 20 30 40 could not be accomplished.

In the case of the AB+AY mixture, after the
adsorption process, the spectrum still exhibited two
peaks Fig. 4b). Hence, the removal of each dye in the
Flg 4 (a) nght absorbance of effluents from the adsorptiolajye mixture could be interpreted from the area under
of binary dye mixture (AB+AR), (b) light absorbance of hnoth peaks Xy = 572 for AB and\,, = 448 for AY).
effluents from the sorption of binary dye mixture (AB + AY), The calculated results on the removal percentages for
and (c) relationship between algae concentration and rggch dye are presentedriy. 4c. Table 3summarizes
moval percentage from the adsorption of binary dye mixthe results of the removal characteristics for each dye
tures (AB + AR, and AB + AY). in the AB + AY mixture with the dried biomass.

It is interesting to note that, from the results in
absorbance at it&, of each data set was then subFig. 4 the algae adsorbent had more affinity for AB
stituted asA into the @) and @) to obtainC;. Since than for AY particularly at low adsorbent dose. How-
the mass fractions of AB and AR were already knowr€Ver, at high adsorbent doses, the percentage removal
they were used to calculate the concentrations of ABf AB and AY were not significantly different.

Algal concentration (g/l)

(Cag) and AR (Car) USing Although the experiments started with a mixture
in a mass ratio of 1:1, the results indicated that the ra-
Chs = zps Ct, (5) tio between the two dyes changed during the course of
Car = zar Ct. (6) adsorption, suggesting that the proposed method could

At thi int individual ) ¢ AB and also be employed for the two component mixtures at
t this point, individual concentrations o an other weight ratios.

AR in the mixture were known, and therefore the
adsorption capacity; for each dye component could CONCLUSIONS

be calculated from
C—C New quantitative measurement techniques for identi-
q= 4 (7)  fying each individual dye concentration in a binary
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Table 2 Concentration and adsorption capacity of each dye component (AB and AR) in binary dye mixture (AB + AR).

Algal mass  A\n zaB AR Amax Ct Chs Car qrB GAR %Removal %Removal
@ (hm) () ) () (mg/) (mg/l) (mg/l) (mg/g) (mg/g) of AB of AR
0.1 512 039 061 1.009 283 11.0 17.2 4.19 2.33 78 65
0.5 496 0.22 0.78 0.407 104 2.29 8.13 1.36 1.01 95 84

Table 3 Concentration and adsorption capacity of each dye component (AB and AY) in binary dye mixture (AB + AY).

Algal mass Aps Aay Chs Cavy qaB qaY %Removal %Removal
(@) ) Q) (mgfl) (mg/l) (mglg) (mg/g) of AB of AY
0.1 0.093 0.363 2.4 8.0 0.64 0.95 83 68
0.5 0.045 0.120 1.3 3.0 0.70 1.25 92 89
0.9 0.028 0.086 0.9 2.0 0.63 1.31 95 94

mixture were proposed. The shift of the spectral peakss. Allen W, Prescott WB, Derby RE, Garland CE, Peret
indicated the changes in dye mass ratio. Two different JM, Salzman M (1973) Determination of color of water
types of dye mixture were given as an example to and wastewater by means of ADMI color value. In:
illustrate the estimation of removal efficiency for each ~ Proceedings of the 27th Purdue Industrial Wastewater
individual dye. The shift of spectra suggested an Conference, Part Il, Purdue University, Lafayette, Indi-

unequal affinity of the algae to each dye component. _ 2na Pp 661-75. _
9. Marungrueng K, Pavasant P (2006) Removal of basic

dye (Astrazon blue FGRL) using macroalGaulerpa
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