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ABSTRACT

Acetyl salicylic acid (A.SA.) is a drug which can be used as a pain soother, anti-inflammatory and antipyretic
property. Photo catalytic degradation of ASA was carried out in an aqueous suspension of Ti0, irradiated by
ultraviolet light. A multivariable center composite design was applied for factors including pH, Ti0, loading and
Temperature. A Taguchi experimental design is used to obtain optimal parameters .The optimal condition would be

obtained as followed: PH = 5.5, [Ti0,] = 50 mg/l and T = 40 °C . After 60 min irradiation about 73% of aspirin
is decomposed.
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INTRODUCTION

In recent decades, the presence of pharmaceutacaspersonal care products (PPCPs) in the envinohise
emerging as a new environmental concern of thenisie as well as the public, which has low conegiun in the
environment and usually does not show acute tgxigifter digestion and metabolism of this compouimd&ody,
residual parts with their metabolites are excréteduman urine and manure, which are the mainsrdéthem to
enter the environment [1, ZThere are still some residual parts of them getiinig the surface and ground water
during and after the sewage treatment [3-5].

Acetyl salicylic acid (ASA) (known Aspirin commeadly) is a non steroid anti-inflammatory drug thetusually

used to ease pain and reduce fever. Today, aspidne of the most widely used medicines in theldyavith an

estimated 40000 tones of it being consumed eaah eaddition it is also used as an anti-inflamongtmedicine,
as well as showing ulcer effects and blood cloev@ntions. However, aspirin today is mainly usegdrevent heart
disease 37.6%, arthritis 23.3%, Headache 13.8%y, &ckles 12.2% and other pains 14.1% [6].

Several different analytical methods have been gseg for the determination of this ingredient, uiithg solid
phase spectra photometry (SPS) with flow injecaoalysis (FIA) [7], gas chromatography- mass speottry [8]
and spectrofluorimetry [9-11] methods. In the lBsv years, new technologies for the decompositiborganic
micro-pollutants in the aqueous environment havenbdeveloped. Photo catalytic an example of advhnce
oxidation processes (AOPs) capable of achievingraptete oxidation of organic and inorganic spediesluding
pharmaceutical substances as well [12-15]. It takkantage of some semiconductor solids, whichbeansed as
photo catalysts suspended in the water effluefietdreated. Among thenTiO, is widely used because it is non-
toxic, inexpensive photocatalyst, as well as bimally and chemically inert. The electron/hole péér /ht)
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generated under light illumination of energy gredkean 3.2ev reacts with the molecules object gfraeation, or
water molecules oxidized by the photo hol@st) and increases hydroxyl radicals, needed to acdsmpl
decomposition of the chemical substances [16].

Operating parameters such ac catalyst dosage, ipt¢, and temperature have significant influence ba t
degradation rate. To achieve an effective perfoomeaaptimization of operating parameters is necgdsa aspirin
degradation. To establish better conditions bytiredaall the factors considered, numerous experimbave to be
carried out with all the possible parameter comtma, which is not practical. Conventional expesital
procedures, involve altering one factor at a timeging all other factors constant, resulting ireas#g the impact
of those particular factors, which are time conswygrand require more experimental sets. Design geEments
(DOE) is one approach, which helps to gain inforaratabout the optimized levels, by taking large bemof
variables.

DOE methodology by Taguchi orthogonal array (OAxifactorial based approach which merges statisdicd
engineering techniques. Taguchi method utilizes @Astudy a large number of variables with a smathber of
experiments, which significantly reduces the nundfexperimental configurations to be studied.

Analysis of experimental data using ANOVA (analysfsvariance) and factor effects provide informat@bout
statistically significant factors and result inding optimum levels of factors to design paramet&he Taguchi
method not only helps considerably in saving ofetiand cost, but also leads to a fully developedgs® and
provides systematic, simple and efficient approfwhthe optimization of the near optimum designgoaeters.
Taguchi method was successfully applied to improegerial processing technology, medical instruntenia
environmental applications, biotechnological precasd experimental chemistry [17].

The main objectives of this research were to astesphoto catalytic treatment of aspirin (see Figl). To
optimize the variables simultaneously, Taguchi expent was used. All factors were investigated suash
TemperatureTiO, concentration, pH and time.
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Figure 1. Aspirin of structure
EXPERIMENTAL SECTION

Material

Aspirin was purchased from Hakim pharmaceutical Bano titanium dioxide (15-20 nm, Annataz form) was
purchased High Technology Nano Co. Ltd. HCL and Ng®lerck) aqueous solution were used to adjust e
reaction solutions were prepared in Ethanol 98%.

Photo catalytic degradation experiment

In all cases 100 ml of the aspirin solution in 5/hapncentration containing appropriate quantitytieé photo
catalyst suspensions were used. At regular timervats, 5 ml of the sample were withdrawn and dergfed at
2500 rpm for 20 min to separate the catalyst. Tdsebance of the solution samples were measuredWy-Vis
Spectra photometer (Unicoi 4802 UV/Vis double beaht explore the pH effect, the pH of all solutionsre
initially adjusted by adding 0.1 N HCL or 0.1N Na@idd controlled by a pH meter (Horiba F12).

The percentage of degradation was calculated Imgube equation given below:

Degradation (%) :% X 100 1)
0
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In which is the initial ASA concentration and C is the AS@ncentration after the irradiatic

Multivariate experimental design

The central composite design (CCD) was appliednte@stigate the effect of pt concentration, time and
temperature in the photo catalytic degradationnigghe. For this experiment, 9 experimentg) by three onus
reptile were performed, at which variables wereiftedlin three level

The response surface was built by using Taguchiveoé, based on the experimental data obtaineddpirin
degradation (%) after 60 min of irradiation durthg photo catalytitreatment method.

RESULTS AND DISCUSSION

Control experiment

Aqueous solutions of ASA were irradiated by usirg0aW Phillips lamp. The effect of nano and lampevehowr
in Figure 2. The variability and changing in agpidoncentration in the absencf during the 60 min of
irradiation were not noticeable. This was becauSa& Aad weak absorption in the range from 200 tan#@0wnhich
means only few amounts of ASA have been directamtghysis when a Phillips lamp was used as the itamh
source. However, had showed its importance in the photocatalyticadation of ASA in the U\ . After
60 min irradiation, almost 63% of ASA disappeamedalution. This shows that the decomposition oAXBuld be
attributed to photo catalytic react. Also, no new bands in the UVis region due to the reaction intermedic
formed during the degradation proc
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Figure 2. Control of photo catalytic degradation.(#) nano+A.S.A+ UV , @) nano + A.S.A, &) AS.A+ UV
, (X) AS.A

Kinetics of disappearance
Several experimental results indicated the degi@uaates of various organic contaminants ovenilhated
fitted the LangmuirHinshelwood kinetic mode

- — )

Where r is the oxidation rate of the treatmenthe toncentration of the reactant, t the illumirmatiome, k the
reaction rate constant and K is the adsorptionfioiefit of the reactant []. When the chemical concentratig, is
a mill molar solution (gsmall) the equation can be simplified to an appdiest-order equation [19°

— or 3)
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A plot of — versus time represents a straight line, the slophaéh upon linear regression equals the app:
first order rate constant .

Figure 3 shows the process profile of aspirin phattalysis by during irradiation. According to the figu
our data consistent with the Langn- Hinshelwood model as by plotting — versus time, a straight line
obtained.

LnC/co

-0.8 y = -0.1098
R =0.9955

-0.9

Time{min}

Figure 3. Kinetic of aspirin photo catalysis: , ,

Experimental design

It has to be mentioned that the properties andainibncentration of pollutant, catalyst dosagepperature, U\
light intensity, pH and time for aqueous phase pieatctions are the main parameters pathetic tiegeimoval rate
However, it is quite ifficult to carry out an experimental design indlugl all these factors due to the large nun
of experiments and complex data analysis requiredrefore, the most important factors were chokemas founc
that the four factors, concentratin, pH, temperature and time, have the most sigmifieffect on aspiri
photocatalysis rate. This means that all the erpents were carried out at a constant UV light isittgrand initial
aspirin concentration of 50 mglin the central composite desi

Central composite design

A central composite design (CCD) was applied ineortb optimize the ASA degradation. Four factorses
considered: dosage, temperature, pH and time. Table 1 condehselevel for eaclfactor involved in the
design strategies. These levels were chosen aogam@ipreliminary experiments carried «

Tablel Rangeof the parameter variation usedin the central composite desig

paramete | Low level(-1) | Center level(0) High level(+1)
40 50 60
PH 3.5 5.5 6.5
T 30 40 50
time 20 30 50

Taguchi method
Using Taguchi software, and considering the dattalihe 1 we drawn tableg (Table 2). According to this tab
each run was repeated three times and the pereenfagspirin was obtained. Average effect of eadtor on
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response surface data is shown in Figure 4. Itbeageen in the figure the average maximum is ldcfe
dosage, pH and temperature in the center and titte &ighest leve

Data Means
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Figure 4. Main effects plot for means
Table2 Experimental data in central composite design
Run Temp.| Time| pH| Degradation (%) S/N
1 40 30 20 | 35 4.35 12.71
2 40 40 30 | 55 71.45 37.0¢
3 40 50 50 | 6.5 56.40 35.0z
4 50 50 20 | 55 73.03 37.2i
5 50 30 30 | 65 52.20 34.3¢
6 50 40 50 | 3.5 71.20 37.0¢
7 60 40 20 | 6.5 23.70 27.5(
8 60 50 30 | 35 31.50 29.97
9 60 30 50 | 5.5 73.00 37.2¢
Table 3 shows the amount of sum square calculatédreean of square factors. According to these tedtiis cleal
that pH and time have the greatest effe concentration and temperature have the minimuncsffen the

degradation rate.

Table3 Amount of sum square, vaance and share of each factc

Facto | DOF| SS | Mean Sq F| P(©
2 977 489 0.71 19.0
Time 2 1655 827 143 32.2

pH 2 2232 1116 2.31 43.5
Temp 2 263 132 0.16 5.13

=4
~

G W O

Also, we calculated the amount of variance ratio #e percentage contributed to each factctANOVA software,
which is listed in Table 3. From the table it igal that the F values for all factors are less thamlues derive
from statisticaltable. In the level of confidence of 95% is F =4.50 the ly Hypothesis cannot be refute
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significantly is this factor full active. The folldng table is showed the P values, in order to |38do total SS rati
share of each factor to be explainConsidering the contribution of each factor itésulted that time and pH h
the greatest effect.

The S/N ratio

We examined the effect of various factors on S/tibravhich is shown in figure 5 and data are sunipear in
Table 2. It can be seen in ttable related to the maximum S/N of 4 tests, whiohtime and temperature in hi
level, whereas pH and dosage in central level. According to Figure 5 maxin S/N is achieved whe
, pPH=5.5, t=50 min and the percentage of ASA wlitise conditions is 73'
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Figure 5. Main effects plot for S/N ratios

Screening of effects

Concentration effect
In this work, the photo degradation efficiency d8A developed when the concentratior was increased to
50 mgL*. When dosage goes above 50 n* the reaction time decreases. Concerning the infleien catalys
( ) concentrationthe scattering phenomena occur when the amountatafyst was higher than the optin
which hinders the increase of the reaction raté |
The optimum amount of should be added in order to avoid superfluous ysitadind also to ensure to
absaption of radiation photons for efficient photo dadation [21, 22]. When we increased the dosbetatalyst
of course, it increases the adsorption amountefeéhction target resulting in a faster degrade=[23].

Initial pH effect
Photocatalytic degradation efficiency of ASA became lgtvhen the pH value increased to 5.5, when thdisal
became more alkaline, the degradation efficiency mach lower than acidic solutio

In reality, the interpretation of pH effects théi@éncy of ASA photo degradation process which is a veffjcdlt

task since three possible reaction mechanisms aatnifsute to ASA degradation, namely, hydroxyl cdiattack
(1), direct oxidation by the positive hole (2) aficect reduction by the electr in the conducting band (3) [24].

appears that the effect of pH on degradation dutaoits is variable and controversial since thdtppasholes are
considered to be the major oxidation species at jwv where as hydroxyl radicals are consideredthe
predominant species at neutral or high pH leved$. |
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ASA + OH - degradation product (D)
ASA + hify — oxidation product 2)
ASA + ecy — reduction product 3)

Regarding to the reported papers [26, 27], the pth@® solution significantly affect§i0, activity, including the
charge on the particles, the size of the aggregafesms and the positions of the conductance \aidnce bands.
The point of zero charge (PZc) of thig), is widely reported at PH = 6 and tlig0, surface will remain positively
charged in acidic mediurfpH < 6.25) and negatively charged in alkaline medigpH > 6.25), since the photo
catalyst can be protonated and deprotonated umnitdic @nd alkaline conditions respectively, assishown in the
following equations:

TiOH + H* - TiOH} (4)
TiOH + OH~ - Ti0~ + H,0 (5)

pH changes can thus influence the adsorption of A8Ai0, surface, an important step for photo oxidation to
occur. Thus, at PH = 5.5, a strong adsorption oAAS theTi0, particles is observed as a result of the elecitiast
attraction of the positively charg&do, with ASA.

Effect of temperature

At higher or lower temperature, the degradatiore raf the contaminant load decays. The photo detjceda
efficiency of ASA increased when the temperatucedased a40 °C. According to results, the temperature played a
less important role in the photo catalytic reactigatem, although the changes in the temperaturable between
30—-50°C.

CONCLUSION

In this research, photo catalytic degradation qfiras was investigated by the nano particlesTed, . The
observation clearly demonstrates the importancehobsing the optimum degradation parameters tarobtéigh
degradation rate.

The chemo metric approach used in this study has lshown to be a valuable tool for the identifisatiand
interpretation of the photo catalytic reaction paeter. Temperature,TiO, dosage, pH and time have been
systematically evaluated via the center compogtegh based on response surface methodology.

The optimum amount are obtained for aspirin WEi@,] = 50 mgL™! , PH = 5.,5,T =50°C and t = 50 min.
According to this condition, about 73% of ASA deqmred.
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