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a  b  s  t  r  a  c  t

Acrylic  acid  grafted  cellulosic  Luffa  cylindrical  fiber  was  utilized  for the  removal  of  methylene  blue  and
metal  ions  from  the  water  system  using  batch  process.  The  grafted  sample  used  was  found  to demonstrate
a maximum  grafting  efficiency  of 90.8%  under  concentrations  of  0.432  ×  10−3 mol/L,  temperature  of  35 ◦C,
time  of 60  min  and  pH  of  7.0 respectively.  The  remarkable  improvement  in  thermal  properties  of the
grafted  sample  was  observed.  The  formation  of  new  bands  in FTIR  spectra  of  grafted  sample  confirmed  the
grafting  of acrylic  acid  onto  the  cellulosic  fiber.  The  maximum  adsorption  capacity  of dye  onto  adsorbent
eywords:
uffa cylindrical
crylic acid
dsorption
ye
etal ions

was  observed  to  be 62.15  mg g−1 at 175  min.  A  maximum  removal  of  45.8%  was  observed  for  Mg2+ as
compared  to  other  metal  ions.  High  values  of  correlation  coefficient  for methylene  blue  (0.995)  and  metal
ions such  as  Mg2+ (0.996),  Ni2+ (0.995),  Zn2+ (0.996)  confirmed  the applicability  of  Langmuir  isotherm
that  assumed  a  monolayer  coverage  and  uniform  activity  distribution  on  the  adsorbent  surface.

© 2013 Elsevier Ltd. All rights reserved.

angmuir isotherm

. Introduction

Biodegradable polymeric materials derived from renewable
ources have been considered as the most potential adsorbent
aterials due to their easy availability and cost effectiveness.

ecently the use of cellulosic fibers in various applications has
eceived increased attention from environmental scientists. These
aterials offer advantages such as low specific gravity, suit-

ble mechanical properties and recyclability. Moreover, they are
btained from renewable resources, have lower weights and cost
ess than synthetic fibers such as glass, carbon, etc. (Singha & Rana,
010).

Luffa sponge mainly consists of cellulose, hemicelluloses and
ignin; their weight (%) being of the order of 60, 30 and 10
espectively (Rowell, James, & Jeffrey, 2002). Cellulose structure
onsists of monomeric unit of a �-d-glucopyranose linked through
,4-glucosidic linkage (Boynard & D’Almeida, 1999). Cellulose is
enewable, cheap, and low in density, exhibits better processing
exibility and is a biodegradable material. Cellulose is a highly
unctionalized, linear stiff chain homopolymer, characterized by its
ydrophilicity, chirality, biodegrability and broad chemical modi-

ying capacity (Abd, Nada, Mohamed, & Hesham, 2007). However,

∗ Corresponding author at: Department of Chemistry, Indian Institute of Technol-
gy Roorkee, Roorkee 247667, India.
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due to the presence of hydrophilic hydroxyl groups on the surface
of cellulosic fibers, their use is restricted under moist atmospheres
and polar solvents (Pathania, Kumar, & Bhatt, 2009; Pathania, Rana,
& Singh, 2009). Further these fibers are more prone to the attack
of chemicals such as acids, bases and salts. Therefore these fibers
need surface modifications in order to improve their properties
before they can be used in various technical applications. The graft-
ing of vinyl monomers onto cellulosic fiber using initiators have
been investigated by different researchers for producing desired
alteration in physicochemical properties (Clasen & Kulicke, 2001;
Freddi et al., 1996; Pathania, Sharma, & Singh, 2013). The grafting
onto natural cellulosic fiber by vinyl monomers have resulted in
improved elasticity, water adsorption, ion exchange capability and
heat resistance etc. (Pathania & Sharma, 2012a).

Pollution of the aquatic environment has been increasing mainly
due to the non-degradable toxic compounds being discharged by
the effluent emanating from the industries. Heavy metals and dyes
are the most important constituents among the toxic compounds
present in the effluent (Gupta, Carrott, Carrott, & Suhas, 2009;
Gupta, Agarwal, & Saleh, 2011; Gupta, Gupta, Rastogi, Nayak, &
Agarwal, 2011; Siddiqi & Pathania, 2002). Out of these pollut-
ants, dyes are recognized easily due to their visibility to human
eye. Thus due to the toxicity to human health, both metal ions

and color removal from water system has drawn considerable
attention in the last few years. Many methods such as chemical
precipitation, ion exchange, electrodialysis, ultra filtration mem-
brane separation, photodegradation, electrochemical oxidation etc.

dx.doi.org/10.1016/j.carbpol.2013.07.019
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
http://crossmark.dyndns.org/dialog/?doi=10.1016/j.carbpol.2013.07.019&domain=pdf
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ave been used for the removal of metal ions and dyes from water
Bhattacharyya & Sharma, 2005; Gupta & Ali, 2008; Gupta, Mittal,
urup, & Mittal, 2006; Gupta, Mittal, Gajbe, & Mittal, 2006; Gupta,
ittal, Malviya, & Mittal, 2009; Pathania, Kumar, et al., 2009;

athania, Rana, et al., 2009; Wang & Zhu, 2007). However due
o the various disadvantages associated with conventional meth-
ds for treating dye and metal containing waste, the adsorption
rocess has been adopted by many workers (Gupta, Pathania, &
harma, 2012; Gupta & Rastogi, 2009; Gupta, Rastogi, & Nayak,
010b; Pathania, Kumar, et al., 2009; Pathania, Rana, et al., 2009;
athania & Sharma, 2012a,b). Adsorption is one of the most effec-
ive methods, economically viable, technically feasible and socially
cceptable method employed for the treatment of waste water con-
aining dye and metal ions (Zhao, Zeng, Hu, Gao, & Zou, 2012a; Zhao
t al., 2012b). In the view of above discussion and also because no
ork has been reported on the surface modification of Luffa cylin-

rical fibers through graft copolymerization using acrylic acid in
resence of chromic acid, the present work is thus undertaken.

Grafted cellulosic fibers have been currently used as adsor-
ents for the removal of hazardous metal ions and dyes from
queous solutions because of their good selectivity, favorable
hysicochemical stability, adjustable functionality, enhanced sur-
ace area and porosity, structural diversity. The polymer grafting
bers usually increases the density of adsorption sites and increases
he sorption selectivity for the target metal and dyes. Different
rafted cellulosic fibers have been reported in literature for the
ffective removal of metal ions and dyes from aqueous solu-
ions (Gupta, Pathania, Agarwal, & Sharma, 2013; Pathania et al.,
013).

Thus present work has been attempted for the grafting of
crylic acid (AA) onto Luffa cylindrical natural cellulose fiber
y using chromic acid. The effect of different parameters such
s reaction time, monomer concentration, temperature and pH
f reaction on the grafting yield was studied. The graft sam-
les were characterized different instrumental techniques. The
amples were subjected to the evaluation of their physico-
hemical properties. Moreover the utility of the grafted sample was
xplored for the removal of some metal ions and dye from water
ystem.

. Material and methods

.1. Materials

Luffa cylindrica fibers were obtained from a dried fruit by
mmersing in fresh water at a temperature of 25–30 ◦C for about

 days. The fibers were then taken out and individual fibers were
insed with distilled water. The fibers were then made free from
mpurities such as waxes, oils, etc. by extraction with acetone in
oxhlet extraction apparatus for 52 h. The fibers were then pre-
reated with 0.1 M sodium hydroxide for 60 min  to increase the
ydrophilicity. The fibers were washed with distilled water until all
odium hydroxide removed. After washing, L. cylindrica fibers were
ried in oven at 50 ◦C for 12 h. Methylene blue were purchased from
igma-Aldrich, India and used without further purification. Acrylic
cid (AA) and chromic acid were received from CDH, India. Sodium
ydroxide and hydrochloric acid were obtained from E. Merck,

ndia, Ltd. The pH of the test solution was adjusted with 0.1N HCl
nd 0.1N NaOH solutions using a pH meter (ELICO model L1-127,
ndia). Dye absorbance was determined using double beam UV–vis
pectrophotometer (Systeronics, model 2202). The other chemi-

als such as acetone, dimethyl formamide (DMF), CCl4, etc. were
f analytical reagent grade and used as received without further
urification. The stock solution (1000 mg  L−1) of metal ions was
repared by dissolving fixed amount of metal nitrates in 1000 mL
mers 98 (2013) 1214– 1221 1215

double distilled water. The solutions of desired concentrations were
prepared by diluting the stock solution with double distilled water.

2.2. Preparation of adsorbent

The graft polymerization of acrylic acid onto Luffa cylindrica
fibers was investigated at optimized reaction conditions such as
monomer concentration, reaction time, reaction temperature and
pH of reaction mixture to obtain the maximum grafting yield.
The grafted sample was washed thoroughly with distilled water,
extracted with methanol for 5 h in order to remove the homopoly-
mer  adhered to the surface. The grated sample was then dried in
an oven at 50 ◦C. The grafting yield and grafting efficiency of the
grafted samples were determined as follow:

Grafting yield = W3 − W1

W1
× 100

Grafting efficiency = W3 − W1

W2 − W1
× 100

where W1 is the initial weight of the sample, W2 is the final weight
of the sample before the extraction of homopolymer and W3 is the
weight of the grafted sample after extraction.

2.3. Batch equilibrium experiment

In batch equilibrium method, 0.5 g of adsorbent was added to
100 mL  of metal ion/dye solution and placed in a set of 250 mL glass
stoppered Erlenmeyer flasks at different contact time. The mixture
was agitated in a thermo shaker at a speed of 100 rpm for a given
time at 30 ◦C. The suspensions were centrifuged at 2500 rpm for
5 min  and filtered. The equilibrium concentration of metal ions and
methylene blue in the supernatant liquor was  analyzed by double
beam UV–vis spectrophotometer at 662 nm with its initial concen-
tration of 100 mg  L−1 as discussed earlier (Gupta et al., 2013). The
concentration of metal ions in the supernatant liquor was deter-
mined titrimetrically with its initial concentration of 300 mg  L−1.
The amount of dye adsorbed per unit mass of adsorbent, qe (mg  g−1)
and percentage metal ion removal R was obtained using following
equations (Gupta, Rastogi, & Nayak, 2010a):

qe = (C0 − Ce)
V

M
(1)

R = C0 − Ce

C0
× 100 (2)

where C0 and Ce are the initial and equilibrium concentrations of
metal ions and dye in solutions (mg  L−1), V is the volume of the
solution (L), and M is the mass of the adsorbent used (g).

2.4. Characterization

2.4.1. Thermal analysis
Thermogravimetric analysis of samples was carried out on

Perkin Elmer thermal analyzer of Pyris Diamond make. Thermal
analysis was  carried out in presence of air at a heating rate of
10 ◦C/min.

2.4.2. Scanning electron microscopy (SEM)
Scanning electron micrographs of samples was  recorded on Leo

Electron Microscopy machine (435-VP). The samples were coated
with Gold suspension before focusing the electron beam.
2.4.3. X-ray diffraction studies (XRD)
X-ray diffraction studies were performed on X-ray diffractome-

ter (Brucker D8 Advance). XRD studies were carried out using Cu
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� radiation, a Ni-filter and a scintillation counter as a detector at
0 kV and 40 mA  on rotation from 5◦ to 50◦ at 2� scale. Each sample
as finely powdered into small particle size and homogeneously
ixed before subjecting to X-ray radiation. The angle of scattering

f diffracted beam was measured with respect to the incident beam
f X-rays and relative intensity was obtained. Percent crystallinity
nd crystallinity index (C.I.) using following equations:

c% =
{

Ic
Ia + Ic

}
× 100%,

.I. = IC − IA
IC

here IC is the intensity of crystalline phase, IA is the intensity of
morphous phase, Xc is the percentage of crystallinity, C.I. is the
rystallinity index.

.4.4. Fourier transformer infrared spectroscopy (FTIR)
Fourier transformer infrared spectroscopy samples were per-

ormed using Perkin Elmer spectrometer (Spectrum 400, USA).
he FTIR spectra of the samples were determined in the range
00–4000 cm−1 using KBr pellets.

.5. Studies of physico-chemical properties

.5.1. Swelling behavior in different solvents
The swelling studies were performed in water, dimethyl form-

mide (DMF) and n-butanol. In this a definite weight of samples
as immersed in different solvent for 24 h. The samples were then

aken out and excess of solvent removed. The final weight of the
ample was determined as per method reported earlier (Pathania,
alia, Sharma, & Reena Sharma, 2012).

.5.2. Moisture absorption studies

Moisture absorbance behavior was investigated under humidity

evels of 40%. A sample of known weight was placed in the humid-
ty chamber maintained at a definite humidity level for 2 h. Each
ample was placed in hot air oven at 60 ◦C for 12 h in order to

Fig. 1. FTIR spectra of (a) raw fib
mers 98 (2013) 1214– 1221

make it moisture free. The sample was then taken out and final
weight was  recorded immediately. Percent moisture absorbance
was determined as per method reported earlier (Pathania et al.,
2012).

2.5.3. Chemical resistance studies
The chemical resistance of the grafted samples was  studied as a

function of percent weight loss. In this known amounts of samples
were subjected to the effect of acids and bases of different strengths
for definite time interval in order to evaluate their chemical resis-
tance. The samples were weighed again to get the final weights.
The percent weight loss was determined as per method reported
earlier (Singha & Rana, 2012).

2.5.4. Water uptake study
The water uptake studies of samples were carried out using

concept of capillary action. The wicks of different sample of same
diameter were prepared and initial ink mark was drawn on one
end. These wicks were dipped into beakers containing water for
24 h. The rise in water level in each wick was noted with the help
of the scale.

3. Results and discussion

3.1. Characterization of adsorbent

3.1.1. Fourier transform infrared spectroscopy
FTIR spectra of raw and grafted samples were shown in Fig. 1(a

and b) in the wave number ranging from 500 to 4000 cm−1. The
absorption peak at 3349 cm−1 may  be due to the presence of –OH
group on the surface of adsorbent (Boufi & Alila, 2011). The peaks
at 897 cm−1 and 1056 cm−1 may  be due to �-glucosidic linkage
and C–O stretching vibrations. In Fig. 1(b) new absorption band
for grafted sample which appeared at 897 cm−1, 1108 cm−1 and

1559 cm−1 may  be due to the presence of –COOH group of acrylic
acid. The appearance of new bands successfully confirmed the
grafting chemical modification of Luffa cylindrica cellulosic fiber
with acrylic acid.

er and (b) grafted sample.
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Fig. 2. TGA of spectra of (a)

.1.2. Scanning electron microscopy
Fig. 2(a and b) shows the SEM images of raw and grafted sam-

les at different magnification. It has been found that considerable
mount of acrylic acid was deposited onto fiber backbone upon
rafting which brought about various morphological changes in
he fiber (Fig. 2(b). Further the surface of fiber became rough after
rafting of the acrylic acid (Pathania & Sharma, 2011).

.1.3. Thermogravimetric analysis (TGA)
Thermogravimetric analysis determines the decompositions,

ehydrations and oxidation of organic compounds (Kaith & Kalia,
011). Thermogravimetric analysis curves of raw and grafted were
hown in Fig. 3(a and b). The result revealed that at temperature
anging from 35 ◦C to 120 ◦C weight loss of only 9% was  observed

or grafted fiber as compared to that of raw fiber where only 18.3%
eight loss was observed. This may  be attributed due to the break-

ge of cellulose as well as the loss of adsorbed water (Pathania
t al., 2012). The major weight loss of 76.5% was recorded for grated
ber and (b) grafted sample.

sample at temperature range of 130 ◦C to 300 ◦C as compared to
raw fiber (130%). Therefore grafting polymerization has allowed
the thermal stability to be regained.

3.1.4. X-ray diffraction
The XRD pattern of raw and grafted sample was  shown in Fig. 4.

The characteristics peaks of raw fiber were observed at 22.50 and
16.18 with relative intensities at 1072 and 506 respectively. The
peaks of grafted sample were found at 22.30 and 16.80 with relative
intensities of 651.8 and 404.1 respectively. This infers that grafting
has resulted in the decrease in the peak intensity of grafted sam-
ple. It has been observed that the incorporation of acrylic acid to
the backbone impaired the crystallinity of the fiber. Therefore, on

grafting, percentage crystallinity decreases with reduction in stiff-
ness and hardness. The lower value of crystallinity index (Table 1) in
case of grafted sample indicated the poor order of cellulose crystals
in the fiber.
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Table 1
Optimization of various reaction parameters.

S. no. Monomer (mol/L) Solvent (mol/L) Temperature (◦C) Time (min) pH Grafting yield (%) Grafting efficiency (%)

1 0.144 100 20 60 1 2 50
2  0.432 100 35 60 3 6 60
3  0.432 100 35 60 7 40 90.9
4  0.432 100 60 90 7 28 77
5  0.432 100 60 100 9 6 60
6  0.432 100 100 150 7 12 60
7  0.576 100 35 60 7 16 66
8  0.721 100 60 

9  0.865 100 100 

10  0.576 100 100 

3

m
c
T
c
(

3

m
h
e

Fig. 3. X-ray diffraction pattern of raw fiber and grafted sample.

.2. Optimization of reaction parameters

The optimization of different reaction parameters such as
onomer concentration, pH, temperature and reaction time were

arried out for the grafting of acrylic acid onto Luffa cylindrica fiber.
he maximum graft yield of 40% was observed at monomer con-
entration (0.432 × 10−3 mol/L), reaction temperature (35 ◦C), time
60 min) and pH (7.0).

.2.1. Effect of monomer concentration

It is evident from Fig. 5(a) that the grafting yield decreased with

onomer concentration. This may  be due to the dominance of
omopolymer with increase in monomer concentration (Pathania
t al., 2012). Moreover, due to homopolymerization the viscosity of

Fig. 4. SEM images of (a) raw fib
100 7 20 71.4
150 7 36 85.71
100 7 24 75

the reaction medium increases which restrict the movement of the
free radical toward active sites resulted in decrease in graft yield.

3.2.2. Effect of pH
The effect of pH onto grafting yield was  shown in Fig. 5(b). It

was revealed that grafting yield increased to 40% with increase in
pH from 1 to 7. With further increase in pH beyond 7, the grafting
yield was  found to decrease. This may  be due to the generation of
HO• radical in basic medium which combines with the back bone
free radical and results in termination of the chain reaction.

3.2.3. Effect of temperature
The effect of reaction temperature on the grafting yield was

studied in the temperature range of 35 ◦C–100 ◦C as shown in
Fig. 5(c). The maximum grafting yield was  observed at 35 ◦C, further
increase in temperature leads to the decrease in graft yield. This
may  be due to occurrence of various hydrogen abstraction reactions
and formation of homopolymer.

3.2.4. Effect of reaction time
The effect of reaction time on grafting yield was shown in

Fig. 5(d). It was  evident that the maximum grafting yield was
obtained at 60 min. With further increase in reaction time a
decrease in grafting yield was  observed. This decrease in grafting
yield may  be due to formation of homopolymer along with some
side reaction.

3.2.5. Swelling studies
The swelling behavior of raw fiber and grafted sample in

different solvents were shown in Table 1. The swelling behav-
ior of raw sample in different solvents followed the trend as
water > n-butanol > DMF. It may  be due to more affinity of water

for –OH groups present in raw cellulosic fiber, thereby, facili-
tating its penetration deep into the fiber and resulting in high
swelling. The swelling behavior in grafted sample shows the trend
as DMF  > water > n-butanol. This may  be due to the blockage of

er and (b) grafted sample.
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Fig. 5. Optimization of different reaction parameters for maximum graft yield: (a) monomer concentartion; (b) pH of reaction mixture; (c) reaction temperature; (d) reaction
time.

Table 2
Percentage crystallinity and crystallinity index of raw and grafted sample.

Sample 2� (◦) FWHM (◦) Intensity Percent crystallinity Crystallinity index (C.I.) Crystallite size L ( ´̊A)

IC IA

6
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a
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r
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3.2.8. Chemical resistance studies
It has been investigated that chemical resistance of grafted sam-

ple was  more than that for raw fiber (Table 1). This was  due to the
deactivation of active sites on raw fiber backbone by polyacrylic

Table 3
Swelling behavior of raw fiber and grafted sample in different solvents.

Solvent Percent swelling
Raw fiber 22.5 2.68 1072 506 

Grafted fiber 22.3 10.08 651.8 404.1 

ctive sites on the raw fiber by acrylic acid which may  cause the
hange in sorption behavior.

.2.6. Water uptake study
It is revealed that the water uptake capacity of grafted sample

as less as compared to that of raw fiber. This may be due to the
ncorporation of active sites as a result of graft co-polymerization.

.2.7. Moisture absorbance studies

It has been observed that moisture absorbance was  more for

aw fiber than for grafted sample (Table 1). This may  be due to
he blockage of active sites on raw fiber responsible for maximum

oisture absorbance by grafted acrylic acid.
7.9 0.52 33.5
1.7 0.38 8.4
Raw fiber (%) Grafted sample (%)

Water 233.33 133.33
n-butanol 200 66
DMF  33.33 216.66
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Fig. 6. Effect of time on the adsorption of methylene blue dye onto grafted sample.
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Fig. 7. Langmuir isotherm for the adsorption of methylene blue dye onto grafted
sample.
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Fig. 8. Effect of time on the adsorption of different metal ions onto grafted sample.
Fig. 9. Langmuir isotherm for the adsorption of (a) Mg(II); (b) Zn(II); (c) Ni(II) onto
grafted sample.

acid chain. The grafted sample was found to be more stable in 1N
NaOH as compared to 1N HCl (Tables 2–4).

3.2.9. Adsorption study
The effect of contact time on adsorption of methylene blue dye

was investigated under optimized dose of adsorbent (0.5 g), dye

concentration (200 mg  L−1), pH of solution (7) and temperature
(25 ◦C). It was revealed that the adsorption gradually increased
with time and attained equilibrium after 175 min  (Fig. 6). The rapid
intake initially was due to the availability of the more surface
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Table 4
Moisture absorbance and chemical resistance studies of raw and grafted fiber.

Sample % moisture absorbance Chemical resistance
%  weight loss
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B

C

F

G

anism of the adsorption of proton onto natural bamboo sawdust. Carbohydrate
Raw fiber 50 75
Grafted fiber 37.5 33.3

ites on the adsorbent for adsorption. It has been observed that
he adsorption was also influenced by attractive Van der Waals
orces and electrostatic attractions (Gupta et al., 2012). The Lang-

uir isotherm indicated that the maximum adsorption was due
o a saturated monolayer on the adsorbent surface (Theivarasu &

ylsamy, 2010). The plot of Ce/qe versus Ce (figure not shown) gives
 straight line with a correlation coefficient of 0.995 which indicates
hat the adsorption of methylene blue onto the adsorbent fits the
angmuir isotherm practically well (Sarin & Pant, 2006).

The amount of metal ions removal versus time curve shows that
ate of adsorption increases with time (Fig. 7). It has been revealed
hat maximum removal was observed for Mg2+ and attained the
quilibrium after 150 min. The attractive forces between the metal
ons and the adsorbent such as Van der Waals forces, electrostatic
ttractions and fast pore diffusion into the intraparticle matrix
elped to attain equilibrium (Li, Lin, Zhang, & Yan, 2009). Lang-
uir isotherms for different metal ions (figure not shown) reveals

 high value of correlation coefficient for different metal ions such
s Mg2+ (0.996), Ni2+ (0.995), Zn2+ (0.996) and further confirmed
he applicability of Langmuir isotherm (Figs. 8 and 9).

. Conclusions

The grafting of acrylic acid onto natural Luffa cylindrical was con-
rmed by FTIR and SEM analysis studies. Thermal analysis showed
he greater thermal stability of grafted sample as compared to
aw fiber. X-ray diffraction results indicated the low values of
ercentage crystallinity and crystallinity index for grafted sam-
le. Moreover the grafted sample was found to be an effective
dsorbent for the removal of methylene dye and metal ions from
queous solutions. The adsorption of dye onto the grafted adsor-
ent was found to gradually increase with increase in contact time
nd finally attained the equilibrium after 175 min. Among the metal
ons tested, maximum removal was reported for Mg2+. The adsorp-
ion data was satisfactorily explained by Langmuir isotherm for the
dsorption of both dye and metal ions onto adsorbent.

eferences

bd, A., Nada, M.  A., Mohamed, Y. A., & Hesham, F. M.  (2007). Synthesis and charac-
terization of grafted cellulose for use in water and metal ions sorption. Biological
Research,  3, 46–59.

hattacharyya, K. G., & Sharma, A. (2005). Kinetics and thermodynamics of methy-
lene blue adsorption on Neem (Azadirachtaindica) leaf powder. Dyes and
Pigments, 65,  51–59.

oufi, S., & Alila, S. (2011). Modified cellulose fiber as a biosorbent for the organic pol-
lutants. In S. Kalia, & L. Averous (Eds.), Biopolymers: Biomedical and environmental
applications (1st edn, pp. 483–524). New Jersey: Wiley.

oynard, C. A., & D’Almeida, J. R. M.  (1999). Water absorption by sponge gourd (Luffa
cylindrica)-polyester composite materials. Journal of Materials Science Letters,  18,
1789–1791.

lasen, C., & Kulicke, W.  M.  (2001). Determination of viscoelastic and rheo-optical
material functions of water-soluble cellulose derivatives. Progress in Polymer
Science,  26,  1839–1919.

reddi, G., Massafra, M.  R., Beretta, S., Shibata, S., Gotoh, Y., Yasui, H., & Tsukada,
M. L. (1996). Structure and properties of Bombyx mori silk fibers grafted with

methacrylamide (MAA) and 2-hydroxyethyl methacrylate (HEMA). Journal of
Applied Polymer Science, 60,  1867–1876.

upta, V. K., Agarwal, S., & Saleh, T. A. (2011). Chromium removal by combining
the magnetic properties of iron oxide with adsorption properties of carbon
nanotubes. Water Research, 45,  2207–2212.
mers 98 (2013) 1214– 1221 1221

Gupta, V. K., & Ali, I. (2008). Removal of endosulfan and methoxychlor from water
on carbon slurry. Journal of Environmental Science and Technology, 42,  766–770.

Gupta, V. K., Carrott, P. J. M.,  Carrott, M.  M.  L. R., & Suhas. (2009). Low-cost adsor-
bents: Growing approach to wastewater treatment. Review. Critical Reviews in
Environmental Science and Technology, 39,  783–842.

Gupta, V. K., Gupta, B., Rastogi, A., Nayak, A., & Agarwal, S. (2011). A comparative
investigation on adsorption performances of mesoporous activated carbon pre-
pared from waste rubber tire and activated carbon for a hazardous azo dye-acid
blue 113. Journal of Hazardous Materials, 186, 891–901.

Gupta, V. K., Mittal, A., Gajbe, V., & Mittal, J. (2006). Removal and recovery of the
hazardous azo dye acid orange 7 through adsorption over waste materials:
Bottom ash and de-oiled soya. Industrial & Engineering Chemistry Research, 45,
1446–1453.

Gupta, V. K., Mittal, A., Kurup, L., & Mittal, J. (2006). Adsorption of a hazardous dye,
erythrosine, over hen feathers. Journal of Colloid and Interface Science, 304, 52–57.

Gupta, V. K., Mittal, A., Malviya, A., & Mittal, J. (2009). Adsorption of carmoisine A
from wastewater using waste materials-Bottom ash and deoiled soya. Journal of
Colloid and Interface Science, 335, 24–33.

Gupta, V. K., Pathania, D., Agarwal, S., & Sharma, S. (2013). Removal of Cr (VI) onto
Ficus carica biosorbent from water. Journal of Environmental Science and Pollution
Research,  20,  2632–2644.

Gupta, V. K., Pathania, D., & Sharma, S. (2012). Decolorization of hazardous dye
from water system using chemical modified Ficuscarica adsorbent. Journal of
Molecular Liquids, 174, 86–94.

Gupta, V. K., & Rastogi, A. (2009). Biosorption of hexavalent chromium by raw and
acid-treated green alga Oedogonium hatei from aqueous solutions. Journal of
Hazardous Materials, 163, 396–402.

Gupta, V. K., Rastogi, A., & Nayak, A. (2010a). Adsorption studies on the removal of
haxavalent chromium from aqueous solution using a low cost fertilizer industry
waste material. Journal of Colloid and Interface Science, 342, 135–141.

Gupta, V. K., Rastogi, A., & Nayak, A. (2010b). Biosorption of nickel onto treated
alga  (Oedogoniumhatei): application of isotherm and kinetic models. Journal of
Colloid and Interface Science, 342(2), 533–539.

Li, J., Lin, Q., Zhang, X., & Yan, Y. (2009). Kinetic parameters and mechanisms of the
batch biosorption of Cr (VI) and Cr(III) onto Leersia hexandra Swartz biomass.
Journal of Colloid and Interface Science, 333, 71–77.

Pathania, D., Kalia, S., Sharma, R., & Reena Sharma. (2012). Graft copolymerization
of  acrylic acid onto gelatinized potato starch for the removal of metal ions and
organic dyes from aqueous system. Advanced Material Letters,  3, 259–264.

Pathania, D., Kumar, M.,  & Bhatt, S. S. (2009). Thermal analysis of Caryotaurens
fiber grafted with acrylonitrile and methyl methacrylate. Trends in Carbohydrate
Research,  4, 30–73.

Pathania, D., Rana, R. K., & Singh, D. (2009). Chemical modified bark for Cu (II)
sorption from aqueous solution. International Journal of Theoretical and Applied
Science,  1, 25–31.

Pathania, D., & Sharma, S. (2011). Characterization of Ficuscarica fiber by scanning
electron microscope in adsorption isotherm studies of dye removal from aque-
ous  solution. International Journal of Theoretical and Applied Sciences, 3, 25–27.

Pathania, D., & Sharma, R. (2012). Synthesis and characterization of graft copolymers
of  methacrylic acid onto gelatinized potato starch using chromic acid initiator
in  presence of air. Advanced Materials Letters, 3, 136–142.

Pathania, D., & Sharma, S. (2012). Effect of surfactants and electrolyte on removal
and recovery of basic dye by using Ficus carica cellulosic fibers as biosorbent.
Tenside Surfactants Detergents, 4, 306–314.

Pathania, D., Sharma, S., & Singh, P. (2013). Preparation, characterization and Cr(VI)
adsorption behavior study of poly(acrylic acid) grafted Ficus carica bast fiber.
Advanced Materials Letters,  4, 271–276.

Rowell, R. M.,  James, S. H., & Jeffrey, S. R. (2002). Characterization and factors effect-
ing fiber properties. In E. Frollini, A. L. Leao, & L. H. C. Mattoso (Eds.), Natural
polymers and agrofibres based composites (p. 115). San Carlos, Brazil: Embrapa
Instrumentacao Agropecuaria.

Sarin, V., & Pant, K. K. (2006). Removal of chromium from industrial waste by using
eucalyptus bark. Bioresource Technology, 97,  15–21.

Siddiqi, Z. M., & Pathania, D. (2002). Study on Heavy metals in Surface and Ground
water of Jalandhar and Ludhiana. Indian Journal of Environmental Protection,  22,
201–206.

Singha, A. S., & Rana, R. K. (2010). Effect of pressure induced graft copolymerization
on the physico chemical properties of biofibers. Bioresources, 5, 1055–1076.

Singha, A. S., & Rana, R. K. (2012). Functionalization of cellulosic fiber by graft
copolymerization of acrylonitrile and ethyl acrylate from their binary mixture.
Carbohydrate Polymers, 87, 500–511.

Theivarasu, C., & Mylsamy, S. (2010). Equilibrium and kinetic adsorption studies
of  rhodamine-B from aqueous solutions using cocoa shell as a new adsorbent.
Journal of Engineering Science and Technology, 2, 6284–6292.

Wang, S., & Zhu, Z. (2007). Effects of acidic treatment of activated carbons on dye
adsorption. Dyes and Pigments, 75,  306–314.

Zhao, X. T., Zeng, T., Hu, Z. J., Gao, H. W.,  & Zou, C. Y. (2012). Modeling and mech-
Polymers,  87,  1199–1205.
Zhao, X. T., Zeng, T., Li, X. Y., Hu, Z. J., Gao, H. W.,  & Xie, Z. (2012). Modeling and mecha-

nism of the adsorption of copper ion onto natural bamboo sawdust. Carbohydrate
Polymers,  89,  185–192.

http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1035
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1050
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1065
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1090
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref1105
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00703-0/sbref0155

	Acrylic acid grafted cellulosic Luffa cylindrical fiber for the removal of dye and metal ions
	1 Introduction
	2 Material and methods
	2.1 Materials
	2.2 Preparation of adsorbent
	2.3 Batch equilibrium experiment
	2.4 Characterization
	2.4.1 Thermal analysis
	2.4.2 Scanning electron microscopy (SEM)
	2.4.3 X-ray diffraction studies (XRD)
	2.4.4 Fourier transformer infrared spectroscopy (FTIR)

	2.5 Studies of physico-chemical properties
	2.5.1 Swelling behavior in different solvents
	2.5.2 Moisture absorption studies
	2.5.3 Chemical resistance studies
	2.5.4 Water uptake study


	3 Results and discussion
	3.1 Characterization of adsorbent
	3.1.1 Fourier transform infrared spectroscopy
	3.1.2 Scanning electron microscopy
	3.1.3 Thermogravimetric analysis (TGA)
	3.1.4 X-ray diffraction

	3.2 Optimization of reaction parameters
	3.2.1 Effect of monomer concentration
	3.2.2 Effect of pH
	3.2.3 Effect of temperature
	3.2.4 Effect of reaction time
	3.2.5 Swelling studies
	3.2.6 Water uptake study
	3.2.7 Moisture absorbance studies
	3.2.8 Chemical resistance studies
	3.2.9 Adsorption study


	4 Conclusions
	References


