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ABSTRACT

The adsorption of ibuprofen was optimized by response surface methodology (RSM) through a three level Box-
Behnken design (BBD). The microwave assisted activated carbon derived from scrap wood of Acacia Auriculiformis
was used as an adsorbent for the present study. The optimization through RSM involves the approximation of
several independent dependent variables. In the present scenario solution pH, initial adsorbate concentration,
adsorbent dose, contact time and reaction temperature were considered as the input variables whereas, the
ibuprofen adsorption capacity was chosen as the response variable. The quadratic model was suggested to predict
the ibuprofen removal efficiency. From the analysis of variance (ANOVA) it was found that solution pH, adsorbent
dose, contact time and reaction temperature had significant effects on ibuprofen adsorption. With help of numerical
opti mization technique the adsor ption process was optimized and a good desirability value (1.0) was also obtained.
The experimental and model predicted values of the ibuprofen adsorption were compared and both the values were
found to bein reasonable agreement with each other.

Keywords: Response surface methodology, Box-Behnken, dekfyavalue, analysis of variance, numerical
optimization.

INTRODUCTION

Ibuprofen is widely known as an analgesic drug eigitlg used for inflammation and dysmenorrheaslaiso used
in the treatment of arthritis. lbuprofen is knowm lhave an antiplatelet effect, though it is releyvmild and
somewhat short-lived when compared with aspiriotber better-known antiplatelet drugs [1]. In getheibuprofen
also acts as a vasodilator, having shown the chiyatu dilate coronary arteries and some othemoblwvessels.
Ibuprofen is designated as a core medicine inWiHO Model List of Essential Medicines". Ibuprofengenerally
derived from propanoic acid [2]. Along with wide rigty of medical applications ibuprofen has someease
effects on human body including nausea, dyspepsiastrointestinal ulceration/bleeding, raised liver
enzymes, diarrhea, constipation,epistaxis, headaitmness, priapism, rash, salt and fluid retamtiand hearing
loss [3]. So far, very little has been known ahibwet synergistic and long-term effects of continuexigosure to this
drug, even if it is present in a very trace amaddft But, the pollution caused by ibuprofen is vatifficult to
control and they could be very detrimental to agulife if they enter into the water stream [5, @lherefore
removal of ibuprofen from the waste stream has tecwery important. Various commercial techniqueshsas,
chemical oxidation [7], coagulation and floatatid], [biodegradation, adsorption [9], photocatalydif], ion
exchange [11] and membrane separation [12] ardad@ifor the removal of these substances but atlsar
process is the worth mentioning among all of th&B].[In most of the cases, the adsorption of paiitg is carried
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out by using commercial activated carbon [14]. Hesve its higher cost limits its widespread uses.t Bu
implementation of a low-cost adsorbent does notesall economic cornerstones in case of a largke gracess. In
such a situation use of furniture wood scraps pieaursor of activated carbon could be a betterradtive [15, 16,
17]. On the other hand, the removal of ibuprofen ba optimized through response surface methoddBGM).
The response surface methodology (RSM) is a statistesign procedure which optimises a processaoselating
the process variables through regression anal8is fAccording to the previous literature efforesve been made to
separate ibuprofen from its aqueous solution bypgisiifferent activated carbons prepared from codste [19],
municipal waste [20], biological activated carb@i] but no effort was made so far to optimize theprofen
adsorption process through response surface mdtgydahere microwave assisted activated carbon wgasl as
an adsorbent. Therefore, in the present investigatie adsorption of ibuprofen by using microwawtivated
carbon was studied. The adsorption process wamizgtil by using response surface methodology threutiitee
level Box-behnken design (BBD).

MATERIALSAND METHODS

2.1 Materials

The scrap wood of Acacia Auriculiformis was collttfrom local saw mill of Kharagpur. Ibuprofen waspplied
by Shivlal and Company, Kolkata. Hydrochloric aaitd ammonia were procured from Merck Specialitidgale
Limited, Mumbai, India.

2.2 Preparation of the activated carbon

The wood scraps were first cut into small piece2 aim width and 40 mm of length, cleaned with desdi water
and was sun dried for 24 h prior to the carbonizaprocess. The wood pieces were kept on a ceflamaicwhich
was placed at the center of a 40-mm i.d tubulangfae. The material was then heated from ambierpeesture to
the carbonization temperature of 750 °C at the @&tk °C/min in a continuous flow of N300 ml/min) and then it
was kept at this temperature for 1h for subseqaetivation. The product was then allowed to cookltobient
temperature in presence of, Now and sieved to obtain the desired size fradiolt was further stored in a
desiccator over silica gel. The char preparedimwhay is termed as C750N. The C750N was furthgévated in a
domestic microoven (IF20PG3S) for five minutes abastant input power of 800 W and a frequency4&®MHz.
After treating in the microoven C750N was termed®\&550NMWS5.

2.3 Characterization of activated carbon

The surface area and the total pore volume optepared char and the activated carbons were deiry using
N, adsorption-desorption method by using Brunauer Ethifieller (BET) apparatus (Autosorb-1, Quantacrpme
The surface properties and the microporous streicieere investigated by using Scanning Electron dicope
(SEM) (Hitachi, model SU-70). The total ash conteant the apparent density of the prepared char waisi@
determined.

2.4 Batch adsorption study

The batch adsorption study was carried out in ahawgical shaker at varying experimental conditidhat this
purpose, 100 ml ibuprofen stock solutions of vagyooncentrations were taken in a series of 250 ahiraetric
flasks and placed inside the shaker after addiagMbighted amount of adsorbent into it. An aligobthe sample
was taken out at a predetermined time interval analyzed in a UV-Vis spectrophotometer. The adswip
capacity was calculated from the relationship:

qt = (CO _Ct)V (1)
W

Where,q; (mg/g) is the adsorption capacity, is the ibuprofen concentration at any time t (MgWis the volume
of solution (I) andw is the weight of adsorbent (g).

2.5. Satistical modeling and process optimization by Box behnken design

The ibuprofen adsorption process was successfpliynized by using a three level Box behnken de$RBD). In
the present investigation solution pH)gdnitial adsorbate concentrationy\xadsorbent dose {)x contact time (3
and reaction temperatures\xvere considered as the input variables wheréasibuprofen adsorption capacity Y
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(mg/g) was chosen as the response variable. The amgl the response variables can be correlatadsimg the
following polynomial equation.

Y =Po+ X Bixi+ X Bi X7+ X By Xi % (@)
where, Y is the response aPgl P, B, B are the coefficients of the intercept, linear,asguand interaction effects
respectively. The regression model was statisyicallalyzed by using Design expert software (StatEdnc.,

version 8.0.7.1, Minneapolis, USA). The range awls of the input variables are shown in Table 1.

Table 1: The experimental range and levels of theinput variables

Input variables Range (+1) Range (-1)
Solution pH () 2 8
Initial concentration, mg/l G} 30 60
Adsorbent dose, (mg/l) £x 1 3
Contact time, (min) (3 10 110
Reaction temperature, (°C)sfx 10 50

RESULTSAND DISCUSSION

3.1 Comparison of surface properties of activated carbons

The BET surface area ), total pore volume () and average pore size of C750N, and AC750NMVéte
determined from the physical adsorption data 9&iN77 K and the values are shown in Table 2. K sgen from
Table 2 that AC750NMWS5 had the highest surface amed total pore volume. Inside the microoven a high
temperature could be reached in comparatively shqériod of time resulting in dissipation of hugmount of
energy at a molecular level. Consequently, the lmoags of the pore walls may also be increased auapid
heating with the formation of additional activeesif22]. Besides, rapid heating could acceleraadlease of tar or
volatile matter from the pore interior which resuitito higher pore volume [23].

Table-2: Comparison of surface properties of different adsorbents

Surface area Total pore volume

Adsorbent Average pore diameter (A)

(n?lg) (cclg)
C750N 514.2 0.36 27.99
AC750NMW5 54695 0.50 28.55

EHT = 20.00 kv Signal A = SE1 Date :14 Jun 2010

EHT =20.00 kv Signal A = SE1 Date :9 Dec 2010 WD = 85mm Mag= 250 KX Time :15:06:46
WD = 8.0mm Mag= 250KX Time :11:42:29 1

@ | (b)

Fig. 1. The SEM image of (a) C750N (b) AC750NM W5

3.2 Surface morphology of activated carbons

The surface morphology of activated carbons wa®stigated through Scanning electron microscope (SEM
analysis. The SEM images of various activated aalawe shown in Figure 1a — 1b. It was observed fagure la
that a typical honeycomb structure with pores fedent sizes was formed on the surface of chabQBlj when it
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was treated at optimum condition. The similar stefanorphology could also be observed when activededon
was prepared from corncob by chemical activatiat].[Zhe roughness of the interior pores of actidaterbon was
further increased by treating it in a domestic micen (Figure 1b).

3.3. The modd equations and analysis of variance (ANOVA)

In the present scenario, quadratic model was stegdsy the proposed Box-Behnken design to prediet t
ibuprofen adsorption capacity. The complete desimgtrix was consisted of forty six experimental ruvigh six
replicates at the center points. The quadratic megieations corelating the input and output vagahiere given as
follows:

Y, =17.59 - 3.42x+ 1.25 %- 10.87 %+ 1.68 %- 1.40 % - 2.66 % Xo+ 0.26 % X3- 0.81 % X4- 1.95 % X5 - 2.63 % X3
+1.23 % X4- 0.20 % Xg+ 0.87 % X4 + 0.19 % X5-0.35 X X5- 0.89%% - 1.31%° + 5.93%°- 1.52%7% - 2.46%> (3)

The adequacy of the models was justified by thelyaizaof variance (ANOVA). The ANOVA of ibuprofen
adsorption capacity; mg/qg) is given in Table 3. The model F-valuehis tatio of mean square for the individual
term to the mean square for the residual. The PrBlvalue is the probability of f-statistics valaed is used to test
the null hypothesis. The parameters having an tis8ts probability value less than 0.05 are saithe significant.

In the present studyy XXz, X4, X5, X1X2, XoX3, x32, x52 were designated as significant model terms. Thesdf can be
concluded that the solution pH, adsorbent doseiacotime and reaction temperature play an imporale in case
of ibuprofen adsorption. The similar result wasoabbtained by Mestre et. al., where the adsorpbiibuprofen
was studied by using waste derived activated carHere also the solution pH had a significant éftecibuprofen
adsorption. Once the optimization was over the ewgmtal and model predicted values of the respaasiable
were compared. The plot between experimental (Bctunal predicted values of ibuprofen adsorptionacity g

(mg/g) is shown in Fig. 2. It can be seen from Ridhat both the values were in reasonable agreewidn each
other. It implied that a good correlation betwesput and output variables could be drawn by theehddveloped.

Predicted gt vs. Actual gt

4000 —

30,00 —

20,00 —

Predicted gt (mg/g)

10,00 —

0.00 —

0.00 10.00 20.00 30.00 40.00
Actual gt (mg/g)
Fig 2. The plot of predicted versus actual valuesfor ibuprofen adsor ption capacity

3.4. Effects of experimental parameters on ibuprofen adsorption

The effects of various experimental parameters sscholution pH, initial concentration, adsorbeosel contact
time and reaction temperature on the ibuprofen rtism is shown in Fig.3a — 3d. It was seen from. Ba- 3d that
the ibuprofen adsorption capacity was increasel imitrease in initial concentration, contact tinmel @ecrease in
solution pH, adsorbent dose and temperature. Teerption of ibuprofen favors at comparatively lovpét values
(Fig. 3a). As ibuprofen is known to be a weak &tdgte, ionization of ibuprofen molecule stronglgpends upon
the solution pH. At lower solution pH the neutrablecule represents the main structure but as thetico pH is
further increased the ibuprofen molecules startsveding to some other molecule which results ifdwer
adsorption capacity [26]. The combined effect dfiah concentration and adsorbent dose on the atisor of
ibuprofen is presented in Fig. 3b. As the adsorbateentration increases the concentration gradiaith acts as
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the main driving force for mass transfer also iase=s which in turn results into higher adsorptiapacity [27]. It
was further noticed from Fig. 3b that the maximudsaption capacity of 36.47 mg/g was obtained veith
adsorbent dose and initial concentration of 1 g &5 mg/l respectively. On the other hand theceffdé contact
time and reaction temperature on ibuprofen adsmptan be seen from Fig. 3c. As the time progressas and
more ibuprofen molecules get attached on the aetivaarbon surface thus enabling higher ibuprofésoiption
capacity [28]. The adsorption capacity of ibuprofeas increased with decrease in reaction temperdkig. 3d).
This phenomenon represents the exothermic natuteafdsorption process [29].

Table 3: Analysis of variance for ibuprofen adsor ption capacity g, (mg/g)

Source

Sum of Squares

Mean Square

F Value PFob>

X1
X2
X3
X4
Xs
X1X2
X1X3
X1X4q
X1Xs
XoX3
X2X4q
X2Xs
X3Xsq
X3Xs
XaXs
X1

X2

N NN

X3

N

X4
X5

N

186.75
25.0¢
1889.49
45.17
31.36
28.26
0.28
2.63
15.24
27.70
6.03
0.16
3.00
0.14
0.49
6.98

14.90
307.37
20.25
52.72

1

P P R, PR PRPRPRPRPRRpRPRRpRRLRP

186.75

25.0¢
1889.49

45.17
31.36
28.26
0.28
2.63
15.24
27.70
6.03
0.16
3.00
0.14
0.49
6.98

14.90
307.37
20.25
52.72

29.99

4.0z
303.45

7.26
5.04
4.54
0.045
0.42
2.45
4.45
0.97
0.025
0.48
0.023
0.079
1.12

2.39
49.36
3.25
8.47

<0.0001

0.055¢

<0.0001
0.0124
0.0339
0.0432
0.8339
0.5214
0.1303
0.0451
0.3344
0.8756
0.4940
0.8803
0.7809
0.2997

0.1345
< 0.0001
0.0834
0.0075

at (mg/g)
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Fig. 4. The effects of (a) solution pH and initial adsorbate concentration (b) adsorbent dose and initial
adsor bate concentration (c) contact time and initial adsor bate concentration (d) temperature and initial
concentration on the adsor ption of ibuprofen
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4.7. Optimization of process variables

The numerical optimization was applied to optimike ibuprofen adsorption process and the optimuluegaof
various parameters are provided in Table 4. A dbgity value of 1.0 was obtained after optimizitige process
parameters.

Table 4: The optimum values of the experimental parameters

Parametel Optimum value
Solution pF 2
Initial concentration (mg/l) 60
Adsorbent dose (g/l) 1
Contact time (mir 11C
Reaction temperature (° C) 10.84
CONCLUSION

The adsorption of ibuprofen was carried out byngsnicro-wave activated carbon. The adsorption ggsovas
successfully optimized by using Box-Behnken desifime solution pH, initial adsorbate concentratiadsorbent
dose, contact time and reaction temperature wégetsd as the input variable for the Box-Behnkesigiewhereas,
the ibuprofen adsorption capacity was considereth@sesponse variable. The quadratic model wagesigd by
the software for the response variable. The exgariad and predicted ibuprofen adsorption capadityes were
compared and both of these values were found to tvell agreement with each other.
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