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Kinetics of the Sorption Of Copper (11) Phthalocyanine
Tetrasulfonic Sodium Acid (Cupc) Dye Onto Titanium Dioxide

Abstract: Sorption studies of copper (II) phthalocyanineastifonic sodium acid (CuPc) was done using
a batch method with TiOpowder as the adsorbent, and several variablds esimitial concentration of
the dye, contact time and TiMading was determined. The sorption data weréys@a using first order
and second order kinetics, and the sorption stugés found to be second order kinetics. The datiew
also fitted to Langmuir and Freundlich isothermsd &ime equilibrium data fitted very well to Freurodi
isotherm. The amount of Tigpowder needed to remove CuPc dye from solutionalss studied and it
was observed that 19.86 mg gf CuPc is absorbed.
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1. Introduction

The protection of the environment against defotestaglobal warming and pollution has become afagr
concern over the past decades. Annually, 7 *tdiBs of dyestuffs are produced from over 100,§@@s

of dye. These are used by many industries includixgjle, cosmetics, paper, leather, drugs and food
industries [1]. The removal of dye from the enviment is of concern because this is a source ofrwate
pollution and some dyes can be harmful. The treatroBwater polluted with dyes is difficult due tioe
complexity of the methods used, which include kgatal treatment, coagulation, floatation, adsomtio
oxidation and hyper filtration [2]. Among the metisomentioned above, sorption shows promise for the
removal of colour from industrial waste.

However, this method is not always cost effectiweause of the chemicals required to activate the
adsorbent. Hence the search for cheaper ways obvieg colour effluent from the environment is
ongoing. Phthalocyanines have an interesting cteastic because of their bright colours and chaimic
stability.

Titanium dioxide is nontoxic and stable and canehavhigh surface area. Hence it can be used as
adsorbents, catalyst supports, filters, coatingstqronductors, Photocatalyst [3] and dielectri¢cemals.

It also has the potential to be used for envirortaiguurification, decomposition of toxic gases amdhe
generation of hydrogen gas [4], by comparison ,Ti© cheap and can be reused, several dyes like
methylene blue, Remazoll blue R and Orange G haen beported to degrade inTBifB]. In a recent
research by Holliman et al [6], the sorption kinstiof Direct Red 23 dye, were studied using ,TiO
powders. However sulfonated copper phthalocyarsnevater soluble and is a very stable compound.
Hence the absorption of the dye is of great concern

In this study, titanium dioxide will be studied féhe uptake and adsorption kinetics of copper (Il)
phthalocyanine tetrasulfonic sodium acid (CuPc)isTie pertinent because a better understanding of
sorption of dyes using metal oxides can also bd tsécrease the efficiency of dye sensitizedrsoédls
which is a clean source of energy

2. Materialsand methods

2.1 Reagents

All the reagents used for the experiment are ofyéinal grade and are supplied by Sigma-Aldrich UK
except were stated. Deionised water was suppligtdd$chool of Chemistry Bangor University.

2.3 Effect of adsorbent concentration

0.005 g, 0.010 g, 0.015 g, 0.020 g and 0.025 giGf P25 powder were measured using an analytical
weighing balance and they were transferred int@k after which 20 ml of the dye solution with guitial
concentration of 70 mgLof the CuPc dye were added to each vial and seBledsolutions were placed
on shaker and the speed of the shaker was adjiss#@D rpm allowed for 120 minutes in order to iatta
equilibrium. The experiment was done at room terafpee (25 °C). After equilibration each sample were
transferred into a 2 ml centrifuge tube (Fisher)l aentrifuged for 10 minutes. The absorbance of the
supernatant dye solution was analysed with a UV&AN machine.
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2.4 Sorption equilibrium

0.02 g of TiQ powder in each case was transferred into six miffevials, after which 20ml of six
different initial concentrations of the dye [20 md, 30 mg L}, 40 mg L}, 50 mg L*, 60 mg ! and 70
mg L] were added to each vial containing the Fi@wder. The resulting solution were placed on a
shaker and allowed to shake for 120minutes at adsp& 400 rpm in order to attain equilibrium. The
resulting dye solution was transferred into a 1eivette with a micropipette and the final absorbanas
measured using a Lambda 35 UV/VIS spectrometer imachanufactured by Perkin Elmer.

2.5Kinetics studies

The kinetics study was carried out using 20 ml mwf the CuPc with a concentration of 30 mty 50

mg L or 70 mg . These were transferred into a vial containin2Qy0each of Ti@ powder. The
resulting TiQ/dye solutions were placed on shaker at a sped@®fpm and at room temperature [25°C
+3]. Each solution of the different dye concentmas were withdrawn after 5, 20, 30, 40, 50, 60 H2@
minutes, the samples were then centrifuged for Hutms at a speed of 1,200 rpm and the solutior wer
measured using a UV- UNICAM spectrometer.

3.0 Resultsand Discussion

3.1 Effect of adsorbent concentration

The relationship of varying the mass of Fi@ith a given concentration of CuPc dye (70 nt) was
correlated. Table §hows the entire dye uptake. The percentage ofetgeval and amount of dye
absorbed were calculated as using Equation 1.8cgnsbelow.

qe = (%)x v Equation 1.0

0e = Amount of dye absorbed

Ci = initial concentration of the dye
C: = final concentration of the dye
v = volume of the dye in liters (L)
m= mass of adsorbent (TiDin g

Table 1: Showing effect of adsorbent mass at an initial ctyecentration of 70 mgtand a volume of 20
ml

M ass of Average Standard Final % of dye Standard amount
TiO,(g)  Absorbance error concentrati removal error absorbed (ge)
on of dye (%) (mgg™)
(mgL™)
0.005 0.5243 +0.00042 24.964 64.34 +0.020 180
0.010 0.4551 +0.00019 21.673 69.04 +0.009 696.
0.015 0.3962 +0.00040 18.866 73.05 +0.019  18&8.
0.020 0.2233 +0.00007 10.633 84.81 +0.003  35B9.
0.025 0.1768 +0.00014 8.418 87.97 +0.007 79.2
0.030 0.0959 +0.00002 4.565 93.48 +0.001 23.6
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Figure 1:TheUV spectrum of CuPc d' showing maximum absorption at 616.

The UV spectrum in Figure ghows that the absorption peof CuPc in UV spectrum is 616n
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Figure 2: TheEffect on the mass of adsorbent used on the amdwyeoabsorbeCuPc

A close observation of the figure indicates that #mount of the dye absorl depends on the amount
the adsorbent used. When the mass of the adsosasnthanged from, 0.005 g to 0.030 g, the percel
of dye removal increases from 63.34 % to 8 %, while Figure Zhows the amount of the dye adsor
decreases from 180.14 mg p 43.62 mg . At a high ratio of TiQ powder to dye concentration, there
larger amount of CuPc dye adsorbed onto the, powder surface, which makes the concentration ®
dye lower in the solution, than when a higher amairthe TiC, powder is used. This is due to the 1
that a given amount of TiOcan adsorb a fixed amount of dydue toincrease in active sitelt also
explains why the amount of dye absorbs increasetheasamount of adsorbent increasThis trend
continuesuntil the maximum amount of adsorbent requiredsisdu The decrease in the amount of C
dye absorbed in mggwith an increasing amount TiO, powder isexplained as a result of concentrat
difference between the dye concentration in thetion and the dye concentration on the surfacthe
TiO, powder. Therefore with an increase in the amounadgorbent used proportion of surfactes
decreases. V.K Garg al reported a similar isult of 59.6% to 99.8% increage percentage of malachi
green dye adsorbed on saw dust activated with stifphcid when the adsorbent was increased fror
to 1.0 g /100 ml with 250 mgtdye concetration after equilibrium time [7].

3.2 Sorption Equilibrium
The adsorption equilibrium was analysed using Laigand Freundlich isotherm equations. -
equations for the two isotherms are shown in theatgn belov

Ce 1 | Ce . :
= o + 0 (Langmuir equation) (2)
logg, = logK; + = (logC,) (Freundlich equation)  (3)
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Where Ce = Concentration of the dye at equilibrinmmg L™

ge = Amount of dye absorbed onto the adsorbent™

Q and b = Langmuir constants; &d 1/n = Freundlic constant and a measure of adsorption cap
respectively

y=0.9039x +0.1114

R?=0.9068 <

*
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Figure 3: Freundlich curve of TiGorption of Culc dyeat a constant solution temperature ¢’+2
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Figure 4: Langmuir curve onto Ti®orptior at a constant solution temperature of 25°+2

The equilibrium data are better represented by tiearfellich isotherm equation when compared to
Langmuir isotherm as shown iRigure 3 and 4 The sorption equilibrium data gives a correla
coefficient d 0.91 and 0.52 for Freundlich and Langmuir isotheespectively. The valuef n [1.10] from
Table 2 it shows that there fsss interaction between the CuPc molecule andTif, this could be
attributed to the large structure of the dye usetthé sorption studie

However using Langmuir equation the maximum amantye that is absorbed onto Cuis 34 mg ¢

can be deduced fronhea value of Qas shown in Table 2. The essentharacteristics of Langmu
isotherm can be expressed by a dimensionless coikstawn as equilibrium paramet

Table 2 Equilibrium constants for CuPc sorption onto , powder at a temperature of 23

Freundlich I sotherm Langmuir |sotherm
Kilmgg'Lgl [1/n |[n R® [ QImgg’] b R?
1.29 0.90| 1.10 | 0.91 | 34.00 0.09] 0.52
_ 1
R, = (1+bC) (4)

Where b is the Langmuir constant and C is the Isijinétial CuPc concentration in m¢*
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The value of R shows the type of the isotherm to be unfavouraR_ > 1), linear (R = 1), favourable (!
< R_<1) orirreversible (R=0).

The calculated values of_Rat various initial CuP«concentrations are shown in FiguseThis suggests
that the adsorption ohé dye onto Ti, powder is favourable with increase in concentrattbe value o
R_ in all the concentrationsange calculated indicates a favourable uptakéefdye [0 < I, < 1]. The
high value of R at low concentration indicates the adsorption ich favourable with a decrease in init
concentration.
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Figure 5 The separation factor of CuPc dye onto , powder at 25°C+2

3.3 Kinetics Studies

The understanding aforption kinetics of dyes is pertinent for designindustrial processes for we
purification. The sorption of dyes depends the physicochemical properties of the adsorbend #&n
also depends on the reaction conditions. Thezeseveral studies done by previous researchettse
kinetics of dye uptake and they u:several methods which include: first ordeecand order, th
Elovich kinetic equation and the parabolic diffusionodel. These methods were used in orde
determine the mechanism of theaction involved in the process. In this studje kineics was
investigatedusing first order and second order models to sthdyadsorption of CuPc onto T, powder.
Figure 6shows the amount of dye absorbed against time &iows concentratics of CuPc dye an
contact times, itindicates an increase ine amount of dye uptake with time for all the idit@dye
concentrations used [30 mg'L50 m.™ and 70 mg [}]. The sorption rate for the first 5 minutes v
found to be 0.722, 1.804 add453 mg ' min™ respectivelyfor initial dye concentration of {mg L™, 50
mg L™ and 70 mg [* as shown in igure 8 beloy

50.00
45.00
40.00
35.00

30.00 L]

qe{mg/z)
.

0 20 20 60 50 100 120 140

Time (minutes)

Figure 6 Graph to show dye uptake versus time for CuPcody€iC, powder (initial dye concentratic
are 30, 50 or 70 mg'L

After 50 minutes the sorption rate decreased t470.8.606 an©.904 mg g min™ respectively for initia
dye concentrations of 30, 50 and 70 n™. The low sorption rates observed after 50 minatigt be due
decrease in the ant of available space in tTiO, powder to absorbed more solute in the solution ¢
a decrease in the absorption rate is observed. cthikl be illustrated in with an example of carlp
Early in themorning , the car park is eny and so more car space is available for parkirthsanit take



190 less time to park a car. However when the car gat& nearly full the more time it takes to parlsame
191  car park. The pseudo-first order and pseudo- seooet kinetics were further used to analyse the o&
192  reaction of the dye in Tigpowder.
193
194  3.3.1Pseudo-first order kinetics
195
196  The kinetics for the sorption of CuPc dye onto Jj@wder were analysed using the pseudo-first order
197  equation as shown below:
198
199  Natarajan and Khalaf equation [8]
1 Gk
%8107 T 2303¢
200
201
202  Where Ci = Initial concentration of the dye (mg)LCt = concentration of the at time t (mg)L
203  t=time in minutes
204
205 k= rate constant (mih
206
207  The first order rate constants (k) for each ofitiiial dye concentration was calculated from thapip
208  shown on Table 4.
209
210  Table 4:Pseudo-first order kinetics for the sorption of CuPc dygalculated using Natarajan and Khalaf
211  equation [8].

212
C (mg L") k (min™) x10° r
30 4.606 0.622
50 7.830 0.597
70 8.291 0.633
213

214  The result indicates that the rate constant ineeasth increase in initial concentration. But thear
215  correlation as shown in the table 4 above is rmgecko unity, this shows that the sorption studfeSuPc
216 dye on TiQ cannot be explained by pseudo first order kinetitence the data’s were further analysed by
217  pseudo- second order kinetics.
218
219  3.3.2 Pseudo second order kinetics
220
221  The Ho pseudo- second order kinetics equation wad to further analysed kinetics of reaction fa th
222  CuPc dye. The equation is shown below
223

t 1 4 1 .

q kg2 qe
224
225  Where k is the pseudo second order constant in"gnig?, ge and q are the amount of dye absorbed in
226 mg g* at equilibrium while t is the time in minutes. Tats shows pseudo second order plot for the
227  adsorption of CuPc dye for initial dye concentnatirf 30, 50 and 70mgt respectively. It was observed
228  that the regression value obtained for pseudo+gkooder reaction has a higher value and it d falthe
229  range of 0.9133 to 0.9724 which is close to unityis indicates that the sorption of CuPc dye olibgs
230  second order reaction which indicates that an ester formed with the Ti@powder in the process
231  (chemisorption) This shows a similar result obtdif@ the sorption of methylene blue onto risk hbgk
232 V. Vadivelan and K. Vasanth Kumar [9] Ho [10] al&ported a similar result for the sorption kinetis
233 copper ion using fern as an adsorbent, in both teseorption kinetics obeyspaeudo- second order as
234  obtained in this work. The values of, kegression and maximum dye absorption are shavthei table
235  below.
236
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Table 5: Pseudo-second order kinetics for the gsorf CuPc dye

C(mgL™) | ke (gmgmin”) x10° r 0. (Mgg-1)
30 6.398 0.9724 14598
50 3.628 0.9858 47.846
70 2.013 0.9133 34.602

3.4 Maximum amount of TiO, required remove CuPc from a solution

There is a need to know the amount of Ji€quired in soaking a given amount of CuPc dya $olution,
this can be applied in industries for the clean-ufyes in water bodies and effluents. Table 6 shaws
variation of the amount absorbed CuPc against tuitie the percentage error calculated in each case.
close observation of the result shows that thegmeage of dye absorbed increased from 59.98 %vén fi
minutes to 97.04 % after 40 minutes. This indicdateg more dye is absorbed on to the Jgowder
surface with time i.e. 12.00 mg'do 19.86 mg g. Therefore as the colour is removed from the &miit
gets soaked onto the Ti@owder. As shown in Figures 7 and 8, after 35 meimuhere is no significant
change in the amount of CuPc absorbed. This caalaksta result of the adsorbent being saturatedtiéth
maximum amount of dye required per unit area.

Table 6:Table showing the amount of CuPc absorbed with time

Percentage of dye Remowal

80 -

60

40 -

20 A

Time(minuted)Ct [mg LJError (mg L%  of  dyjgt [mg g']
Absorbed
5 80.04 +0.0005 59.98 12.00
10 73.81 +1.7153 63.10 12.62
15 61.92 +1.7283 69.04 13.81
20 61.32 +1.0377 69.34 13.87
25 57.99 +0.9867 71.00 14.20
30 36.83 +0.7586 81.58 16.32
35 16.34 +0.4461 91.83 18.37
40 591 +0.2057 97.04 19.41
45 2.53 +0.6294 98.73 19.75
50 1.58 +0.1806 99.21 19.84
60 1.42 +0.5822 99.29 19.86
100 | i % * .

10

20

30

40 50

Time(minutes)

) 70

Figure 7: graph of percentage of dye absodgsadhst time for CuPc
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Figure 8 picture of showing the colours of CuPc dye absoifbed to 60 minutes
Conclusions

This studies shows that TiOpowder can be used as an alternative toaetivcarbon for the clean-up
of CuPc from effluents. The results indicate thet &amount of dye adsorbed increased with time @ ea
case, and about 90% of the dyes were adsorbedsrifian one hour. The amount of dye uptake of CuPc
dye was found to increase with initial dye concatidn and time but decreased with an increaseen th
amount of TiQ used.

The sorption kinetics of CuPc was found to obeypbeudo-second order kinetics and the equilibriata d
fitted well to Freundlich isotherm, indicating thtie sorption of CuPc dye onto TiOGnvolves the
formation of multi- layer and a maximum absorpticapacity of 19.86 mg The molar extinction
coefficient of CuPc dye obtained [1.25%10mol™ cm*] with a maximum absorption capacity of 0.579mg
g™ in less than one hour. This shows that JTg@wder may be effectively used for the clean-uCoPc
dye from effluents.
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