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Abstract: Indonesia is one of the largest banana producing countries in the world remaining
abundance solid waste of banana fruit bunch. The banana fruit bunch contains high natural fibers
which were obtained by an impregnation process using potassium hydroxide (KOH) and followed
by a carbonization process under steam at 250°C for 5 h. The nanomaterial of TiO/fibre was
prepared by a hydrothermal process at 200°C for 4 h. Surface morphology proved that the TiO2 was
loaded into the fibre by an increasing roughness of the surface and irregular size of porosity. The
development of amorphous to crystalline phase of TiO»/fibre was clearly observed. The effectiveness
of TiOz/fibre for removal of rhodamine B was investigated from different parameters of adsorptions
in aqueous solution. The equilibrium adsorptions show that the Langmuir and Freundlich isotherm
exhibited the best correlation coefficient (R? > 0.94) relating to the chemisorption and physisorption
interaction in the adsorption process. Kinetic models were well described by the pseudo-first and
second-order with the best correlation coefficient (R2>0.99). These results indicate that nanomaterial
TiOz/fibre can be used as an effective adsorbent for removal of rhodamine B in aqueous solution.

Keywords: banana empty fruit bunch; TiO/fibre; adsorption; rhodamine B; isotherm and kinetic
adsorptions

1. Introduction

The exploration of population growth has led to an increase in modern industry. The increasing
utilization of dye in the industry has become the global issues in environmental problem. The dye
pollutions produced by industrial activities such as textiles, paints, printing are found in many
streams of water [1]. The pollutions consist of complex aromatic structure with highly hazardous
materials that can lead to destruction and even death of living things and humans [2]. Rhodamine B
is one of basic dyes used in many applications in industries. Although the utilization of rhodamine B
was intensively controlled, their effects on the environment are still controversial. It is because of the
difficulty to detrmine their properties separately. Various methods have been applied to reduce the
level of dye pollution in water and recovery them for example as precipitation, electrochemical
reduction and reverse osmosis. Most of them are strongly considered due to high cost process and
recurring expenses, which are not appropriate for the waste treatment in the small-scale industries.
The alternative method with the utilization of the adsorbents have been intensively studied and
widely used for the separation and purification in the aqueous solution. There have many types of
adsorbents such as activated carbon, composite, fibre and metal oxide/fibre that are used for the
removal of dye contaminants [3]. The by-products having natural fibre such as oil palm empty fruit
bunch, banana fruit bunch, sugar cane bagasse, etc. have been considered as a good alternative raw
material due to the co-friendly and renewable nature [4]. Composite of metal oxide coated with
natural fibre offer various advantages such as low energy-consumption, low density, biodegradable,
low-cost materials and available in large quantity.
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Indonesia is one of the largest banana producers in the world and experiencing a fast
development in increasing production. The production of banana is a continuously increasing
annually, which is followed by the producing of large quantity of solid wastes such as empty fruit
bunch. Biochemical and ultimate analysis proved that banana fruit bunch consists of fibre (8.8%),
hemicellulose (21.23%), lignin (19.06%) and carbon (41.75%), hydrogen (5.10%), oxygen (51.73%),
nitrogen (1.23%) [5]. These data revealed that banana fruit bunch is a good alternative as the raw
material for production of fibre and is interesting to explore as an adsorbent for removal or recovery
of dyes from wastewater [6-8].

Recently, utilizations of by-product with high fibre have a great progress in research and its
application as an adsorbent for developing sustainable and environmentally friendly resources [9,10].
However, natural fibres have some weaknesses as adsorbent such as the unpredictable mechanism
and barrier properties. The improvement of the performance of an adsorbent prepared from the
natural fibre can be achieved by the modification process using metal oxide. The natural fibre is a
polymeric composite which can be explored as matrixes to provide the particular the tensile strength,
flexural strength and elongation at breaks. Combinations with suitable ratio of natural fibre and metal
oxide have been intensively studied to form the composite metal oxide/fibre and used as an adsorbent
for removal of dyes [11,12].

The aim of the presence work is to obtain the features of nanomaterial composite of TiO:/fibre
from banana fruit bunch. The characterization of TiO2/fibre was carried out by SEM, XRD, FTIR and
SAA. The effectiveness of composite was investigated for removal of rhodamine B from aqueous
solution at different adsorption parameters involving solution pH, concentration, contact time and
adsorbent dose. Experimental adsorptions were carried out by batch methods at room temperature.
Adsorption equilibriums were investigated by the Langmuir and Freundlich isotherm and kinetics
adsorption models.

2. Materials and methods

2.1. Material

Banana fruit bunch was collected from the banana seller in Yogyakarta, Indonesia. The chemicals
such as rhodamine B as shown Figure. 1, potassium hydroxide (KOH), hydrochloric acid (HCI), nitric
acid (HNOs) and ethanol were obtained in analytical grade from Merck and used without further
purification.

Figure 1. Rhodamine B structure.

2.2. Preparation of natural fibre

Natural fibre was prepared from banana fruit bunch waste, collected from banana seller by
carbonization process under steam and chemical activation. The raw material was initially cut in to
small pieces in the range of 0.5-1.0 cm, washed with distilled water and then dried in an oven at 110°C
for 24 h. The dried sample was soaked in 20% KOH solution and refluxed at 85°C for 6 h. It was
washed with distilled water and neutralized with 2 M nitric acid solution to pH 6-7. The sample was
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carbonized under the steam at 250°C for 5 h and continued to dry in an oven at 110°C for 24 h.
Resulted fibre was stored for further analysis.

2.3. Preparation of TiO:/fibre

The fibre was weighted 100 g and added with 20 g of commercial nanomaterial of TiO: in a
beaker glass. The mixture was immersed in solution of de-ionized water and ethanol with ratio 1:1
while vigorously stirred for 1 h to homogeneous solution. It was transferred in a hydrothermal
reactor, and then nitrogen gas was flowed in to reactor. The reactor was placed into graphite furnace
and slowly heated up to 200°C for 4 h. After cooling down, the resulted TiO:/fibre was stored in
desiccator for further analysis.

2.4. Adsorption study

Rhodamine B is a basic dye consisting of heterocyclic aromatic chemical moiety. The stock
solution of 1000 ppm dye was quantitatively prepared by dissolving 1 g of rhodamie B in 1000 ml of
distilled water. The experimental adsorptions were conducted with different parameters involving
solution pH, contact time, concentration and dosage of adsorbent. The amount of adsorption was
determined by UV-Visible spectrophotometer at 555 nm.

2.5. Characterization of TiO:/fibre

Characterizations of the fibre and composite TiO2/fibre were conducted to observe their physical
and chemical properties. Surface morphology was determined by the Scanning electron micrograph
(SEM). The crystallite phase and crystallographic structure were investigated by the X-Ray diffraction
(XRD). Surface functional groups were studied by the Fourier transform infrared (FTIR) using
potassium bromide (KBr) to perform the thin pellet.

2.6. Batch adsorption Study

The effectiveness of TiO:/fibre was evaluated on the removal of rhodamine B using batch
method at room temperature. The adsorption capacity was affected by the various pH solutions,
initial concentration, composite dosage and contact time. The concentration of the dye was analysed
using a UV-Vis spectrophotometer at 555 nm. The adsorption capacity by a unit mass of the
adsorption percentage (% R) and the amount of the equilibrium adsorption, ge (mg/g) were measured
using the following the equation (1) and (2), respectively.

Co—Ct

%R = x 100

o

(1)

o = Co—Ce xV (2)

m

where Co (mg/L) is the initial concentration; Ce (mg/L) is the concentration absorbed at equilibrium;
Ct (mg/L) is the concentration at any time; m (g) is the mass of composite and V is the volume.

3. Results and discussion

3.1. Collecting, Processing and Characterization of loaded fibre

Photographic pictures of the banana fruit bunch, fibre and TiO/fibre were shown in Figure 2.
The brown color of fiber was modified with nitric acid to remove the lignin and other impurities in
the fibre. The addition of nanomaterial of TiO2 to the fibers was successfully changed the color from
dark brow to grey as a result of loaded TiO: to the fiber materials.
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Figure 2. Photographic pictures: (a) banana fruit bunch; (b) natural fibre; (c) TiOz/fibre.

3.2. Determination of surface morphology

Overviews of surface morphology for the fibre and TiO:/fibre composite are shown in Figure 3.
An alkaline and acidic treatments with potassium hydroxide and nitric acid played important rule
for the acceleration of the removal of lignin, hemicellulose and other impurities attached on the
surface of the fibre including the formation of pores and functional groups [13]. The smooth surface
with a cross-section structure is clearly shown as natural fibre as displayed in Figure 3(a). The surface
morphology of the fibre was clearly observed with an irregular form due to the chemical activation
process [14]. The attachment of TiO2 on the fibre was confirmed by the SEM as shown in Figure 3(b).
The surface morphology of TiO:/fibre was clearly observed as an increase with the roughness of the
surface with a cross-sectional irregular form. This result showed that the surface was partially loaded
by the TiO:2 as a coating process of TiOz/fibre.

Figure 3. Scanning electron micrographs: (a) natural fibre materials; (b) TiO2/fibre.

3.3. Determination of functional groups of the fibre

Infrared spectroscopy gives one of the useful information for investigating the structure and
functional groups. The FTIR spectra of the fibre and TiOz/fibre are obtained from the wave number
in the range of 4000-400 cm™! as shown in Figure 4. The results show that the FTIR spectra for the fibre
(Figure 4a) and TiO2/fibre (Figure 4b) are no significant differences in the wave number. The strong
bands at 3336 and 3334 cm are assigned to strong hydrogen-bonded OH stretching. The intensity of
the fibre band shows higher than that of the TiOz/fibre due to the replacement of O-H to Ti-O bond.
The crystallinity index of the TiOz/fibre proved that there was a degradated amorphous structure by
reducing amount of hydrogen bonding and replacing with Ti-O bonds. The strong bands found at
around 2906 and 2896 cm are attributed to the symmetrical stretching of aliphatic C-H groups. The
bands around 1633 and 1596 cm! are related to OH stretching vibration of adsorbed water [15]. The
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148  peak at 1315 cm! related to C=O and C-O of the carboxylic group which is the indicative of oxygen-
149  containing functional groups. The band at around 1159 and 1160 cm are assigned to the symmetrical
150  stretching of C-O-C groups. The bands found at 1032-1056 cm-! are assigned to C-C, C-OH and C-H
151  ringand side group vibration. The presences of C-O-C, C-C-O and C-C-H deformation and stretching
152 on the fibre are attributed to band 896 cm! the; C-OH out-of-plane at band 550 cm-. The presence of
153  additional peak at band 450 cm ! on the TiO/fibre spectra is assigned to the Ti-O bond.
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155 Figure 4. FTIR spectra (a) natural fibre and (b) TiO/fibre.
156  3.4. Determination of XRD
157 The X-ray diffraction patterns of the fibre and nanomaterial of TiO:/fibre were investigated for

158  studying the molecular structure and crystalline phase as shown in Figure 5. The data was taken for
159  the 20 ranging from 10° to 85°. The diffraction patterns of the fibre exhibited two broad diffraction
160  peaks at around 26 = 15.8° and 23.2° indicating predominantly amorphous structures. The diffraction
161  patterns of TiOx/fibre composite (based on the high-intensity crystal peaks) are located at around 26
162 =25.8¢,38.3°,48.5°, 54.3°, 55.5, 63.0° and 75.5° that are indexed as (101), (004), (200), (105), (211), (204)
163 and (215), respectively. These results clearly show anatase crystalline phase of TiO: which was
164  confirmed with the JCPDS card no 21-1272 [16-18].
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166 Figure 5. X-ray diffraction patterns: (a) fibre; (b) TiO2/fibre.
167  3.5. The effect of pH
168 Previous studies reported that the initial pH is an important factor for controlling the adsorption

169  process by the formation of complexion. The effect of pH solution initiated to the change of the charge
170 on composite surface with the change of pH value. The rates of adsorption are performed at different
171  pH ranging from pH 2 to 10. The effect of pH on the TiO/fibre for the removal of rhodamine B is
172 shown in Figure 6(a). The amount of adsorption increases from pH 2 to 4 and then slightly decreases
173 from pH 4 to pH 10. The maximum sorption is obtained at the pH 4 which was used for all
174  experiments. The increase the plot at pH < 4 could be caused by the formation of the negative charges
175  on the composite surface and the release of proton. Therefore, the zwitterion form of adsorbate is
176  affected by the presence of proton by competing of ions from -N* and -COO-. Consequently, the dye
177  becomes lower aggregation by producing positive charges. The electrostatic interaction between the
178  negative charges from the surface of composite and the positive charges from the adsorbates
179 accelerated the formation of complexation. At pH > 4, the zwitterion of rhodamine B may increase
180  the aggregation to form a bigger structure and produce negative charges, and then the ionic
181  rhodamine B repelled the ionic composite. This result showed that the decrease of the plot starting
182  from pH 4 to 6. [19].

183 3.6. Effect of contact times

184 The effects of the contact time on rhodamine B adsorption are shown in Figure 6(b). The
185  adsorption rapidly increases at the initial period of contact time to 30 min which is followed with the
186  maximum adsorption. It is because a strong attractive force occurred between the TiO:/fibre
187  composite and the rhodamine B molecules. At the contact time higher than 30 min, the adsorption of
188  the rhodamine B slightly decreases to 45 min and then increases to the end of reaction of 60 min.
189  There is indicative of a weaker attractive force at 45 min indicating of nearly saturated condition. As
190  result, the rhodamine B molecules were adsorbed by the adsorbent and leaved the aqueous solution.
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191 The extensions of the contact time have increased the interaction between the rhodamine B molecules
192 and the TiOx/fibre composite followed by an increasing the removal of rhodamine B.

193 3.7. Effect of adsorbent dosage

194 The effects of the adsorbent dosage on the adsorption of rhodamine B onto TiO:/fibre are shown
195  in Figure 6(c). The capacity adsorption increases from the 0.5 to 1.0 g and then gradually decreases
196  to the maximum adsorbent dosage of 2 g. The increase of adsorption of the rhodamine B onto the
197  TiOo/fibre composite may be due to the increase of the number of surface area and the availability
198  more pores of the surface of composite. This reason may support to rapid transportation by strongly
199  attractive force between rhodamine B molecules from aqueous solution and active sites of composite.
200  However, the decrease of adsorption capacity is due to the reduce of the equilibrium concentration
201  of rhodamine B in aqueous solution with increasing of the adsorbent dosage.
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H e
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-l L}
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=] L
3 2
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E =]
[} E
& 50 T T T T ] g 50 T T T T ]
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203 Adsorbent dosage, (g) Concentration, (mg/L)"
204 Figure 6. Removal of rhodamine-B onto TiO2/fibre affected by: (a) pH solution; (b) contact time; (c)
205 adsorbent dosage; (d) concentration.
206  3.8. Effect of concentration
207 The effects of the concentration on the adsorption of rhodamine B onto TiO:/fibre composite are

208  illustrated in Figure 6(d). The experiments of the adsorptions are carried out at the different
209  concentrations ranging from 5 to 20 mg/L. At the initial concentration, the percentage of the
210  adsorption increases from 5 to 10 mg/L with the maximum adsorption at 10 mg/L. These features
211  have been noted that with increasing concentration, more rhodamine B molecules can be filled to the
212 vacant pores with the strong attractive force from TiO»/fibre composite. ~However, at the
213 concentration is higher than 10 mg/L, the percentage adsorption slightly decreased. It assumed due
214 to the saturation of the pores of the adsorbent.

215 3.9. Adsorption isotherm study

216 In this study, two isotherm models, the Langmuir and Freundlich isotherm are conducted to
217  investigate the adsorption of rhodamine B onto TiO:/fibre. The Langmuir isotherm generally

218  describes the specific monolayer with the homogeneous sites on the surface which is expressed as
219  Eq.1.


https://doi.org/10.20944/preprints201910.0344.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 October 2019 d0i:10.20944/preprints201910.0344.v1

8 of 12
C 1 C
220 = = + = (1)
de dmKL  qm
221 where ge (mg/g) is the amount of rhodamine B adsorbed per unit mass of composite at the

222 equilibrium, Ce (mg/L) is the equilibrium concentration, The Qu (mg/g) is the maximum amount of
223 rhodamine B adsorbed, K (L/mg) is the Langmuir constant related the adsorption energy. The value
224 of gnis calculated from the slope (1/gw) and intercept (1/gn Kv) using the linier plot of Ce/ge) versus Ce.
225 The Freundlich isotherm generally describes the adsorption process that occurs on the
226  heterogeneous surface. The Freundlich equation is expressed as eq.2.

227 logq, = %log C. + logKxr

228 2)

229  where Kr is the Freundlich constant which related to distribution coefficient and indicative of the
230  adsorption capacity and 7 is indicative of adsorption intensity. Their values were calculated from the
231  intercept (log Kr) and slop (1/n) based on the linier plot of loq ge versus log Ce.

232 It is very important to obtain the appropriate correlation coefficient (R2) for the adsorption
233 equilibrium. The Langmuir and Freundlich isotherm plots are shown in Figure 7. The equilibrium
234 adsorptions were obtained from the result of different concentrations. The Langmuir isotherm
235  decrease with increasing of the equilibrium concentration with the value of correlation coefficient, R2
236 = 0.9459. However, the Freundlich isotherm has the higher correlation coefficient, R? of 0.9942. The
237  observation of R? values are obtained between 0 and 1. If the value of R?is close to the unity, it implies
238  that the adsorption is desirably adsorbed on the adsorbent. Furthermore, the value of correlation
239 coefficient (R?) for the Langmuir and Freundlich isotherm are shown in Table 1. These result shows
240  that the interactions of rhodamine B and TiO/fibre could be occurred by the physisorption and
241  chemisorption process.

2 1 log Ce
e 06 04 02 2 02
15 - (b) ; L~
y=1.1985x - 0.1239 ol
010 R?=0.9942
§ 049 s
0.5 1 ¥ =-0.4462% +1.7797 g
R®=0.9459 056 1
0 T T .
0 0.5 o 1 15 05
242 ¥ 0.8
243 Figure 7. Adsorption equilibrium models: (a) the Langmuir isotherm; (b) Freundlich isotherm.
244 Table 1. The Langmuir and Freundlich isotherms for the adsorption of rhodamine B onto TiOz/fibre.
Adsorbate Langmuir Isotherm Freundlich Isotherm
ge (mg/g) K¢ (L/mg) R? R Kr n R?
Rh-B -2.24 -0.26 0.95 1.11 0.75 0.83 0.99
245 3.10. Adsorption kinetics
246 Two models for the kinetics, the pseudo-first-order and pseudo-second-order are used to study

247  the mechanism of rhodamine B removal onto TiOx/fibre.
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248  a. The first-pseudo-order can be expressed as the following eq. 3.
— keq
249 loq (ge — q¢) =logqe — -t €)
250 where ge and g are the amounts of rhodamine B adsorbed (mg/g) at the equilibrium and at any

251 time, t (min), respectively. ki1 (1/min) is rate constant of the adsorption that can be obtained from the
252 plot of In(ge-qt) versus t.

253 Db. The second-pseudo-order can be expressed as the following eq.4.

t 1 1
254 —= —+ —t
at k2q2 at

255 4)

256  where k2 is the rate constant (g/mg.min) calculated from the linier plot of f versus #/g: and related with
257  the values of gt and the intercept.

258 Removal of rhodamine B onto TiO:/fibre was evaluated from the plots of pseudo-first-order and
259  second-order as shown in Figure 8. The kinetic data were calculated from the different contact time
260  data using the plots of log (ge-qt) versus t and t/qt versus t, respectively. The results showed that the
261  pseudo-first-order and second-order are applicable with the best linier relationship. The calculation
262 of the pseudo-first and second-order for different temperatures were shown in Table 2. It is important
263 to note that both kinetic models have high correlation coefficient (R2 > 0.99). These results indicated
264 that the reaction process of rhodamine B removal onto TiOz/fibre could be more inclined toward the
265  physisorption and chemisorption.

0.2 - 70 -
(a) (b)
0.0 < . . 60 1
5 15 50 75 50
'g :
‘ 40
& .04 y
T £ 30 A y=1.0657x +2.448
€ 06 ? 2=
2 0. P R2=0.9998
08]  y=-0.024x +0.3857 o
R2=0.9991
-1.0 1 0 . . . . .
43 | 0 15 30 45 60 75
266 ’ t (min) t (min)
107
0.9 4
0.8 -
.
o
0.7 1 y=0.0232% ~0.7321
R2=0.9434
0.6 -
0.5 : . : ;
2 4 6 8 10
267 L
268 Figure 8. Kinetic modeling for adsorption process: (a) pseudo-first-order; (B) pseudo-second—order;

269 (c) and intra-diffusion particle.
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Table 2. Kinetic modeling of removal rhodamine B onto TiO2/fibre.
Pseudo-first-order Pseudo-second-order Intra-particle-diffusion
Qe ki R? Qe ko R? Kq R2 C
(mg/g)  (1/min) (mg/g)  (g/mg.min) (mg/g min'?)
2.43 -0.06 0.99 0.94 0.46 0.99 0.02 0.94 0.73

c. Intro-particle-diffusion of rhodamine B

The mechanism of adsorption process can be carried out by several steps involving the transport
of adsorbate from aqueous phase to the surface of adsorbent and followed by molecules into the
interior of the porous materials [20]. The adsorption process can be described in two ways: (a) the
bulk solution transport, the adsorbate diffuse from aqueous solution to the boundary layer
surrounding with the adsorbents; (b) the film diffusion: the adsorbate diffuse through the liquid film
surrounding with the adsorbents. In this study, the removal of rhodamine B onto porous TiO:/fibre
was also controlled by the intra-particle diffusion models that can be expressed as the following eq.
5.

G =Kat'? + C (5)

where g: (mg/g) is the amount of concentration adsorbed at any time, t (min), K« (mg/g min'?) is the
rate constant of the intra-particle diffusion and C (mg/g) is the intercept representing the thickness of
boundary layer; the larger the value of C, the greater the boundary layer thickness [21]. According to
this equation, the curve of gt versus t2 should be linier, and then the intra-particle diffusion is the
rate controlling step. However, if the line is not passing through the origin, it is indicative of the
degree of boundary layer control, and the intra-particle diffusion is not the only rate limiting step
[22].

Further analysis was carried out from kinetic data for investigating of adsorption mechanism.
Intra-particle diffusion of composite was shown in Figure 7(c). It could be suggested that rhodamine
B transport onto the composite was controlled by the intra-particle diffusion which was shown by
the best linearity of the correlation coefficient (R2=9.9434). However, the line does not pass through
the origin. It proved that the intra-particle diffusing is not rate-controlling step for the adsorption in
the system.

4. Conclusion

Nanomaterial of TiO:/fibre was successfully obtained from the mixture of natural fibre from
banana fruit bunch and titanium oxide. The characterization showed that surface morphology
exhibited a strong attractive force between fibre and titanium oxide with an increase the roughness
on the surface. The X-Ray diffraction (XRD), Fourier transform infrared (FTIR) and Scanning electron
micrograph and energy-dispersive X-Ray spectroscopy (SEM-EDX) were successfully used to
investigate the molecular structure of TiO/fibre. The equilibrium adsorptions of rhodamine B onto
TiOz/fibre showed the best linearity plot of the correlation coefficient (R? > 0.99) for both the Langmuir
and Freundlich isotherms. The kinetic adsorption obtained from at the different contact time was
indicative well pseudo-first- and second-order with correlation coefficient (R? > 0.99). As a results of
this study, nanomaterial TiO:/fibre can be used as an effective adsorbent for the removal of
rhodamine B in aqueous solution.
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