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ABSTRACT

Article History In this study, the adsorption performance of orange peel with osmotic dehydration
Received: 6 January 2020 (OD) and ultrasound (US) were studied. The efficiency of the osmotic dehydration pre-
Revised: 10 February 2020 . . oD .- . .
Accepted: 18 March 2020 treated orange peel at different sucrose concentration (20 — 60 °Brix) in dye adsorption
Published: 2 April 2020 with several conditions of initial dye concentration (20 — 60 mg/L) and dosage (0.05 —

0.15g) was studied and compared with untreated adsorbent. The optimum
gg{s‘:ﬁgds concentration of the hypertonic solution was 20 °Brix (OD-20) which gave the higher
Osmotic dehydration adsorption efficiency compared with the control and other concentration of hypertonic
gﬁ:zyzgz solution. The adsorption efficiency of OD-20+US pre-treated orange peel on 20 mg/L
Dye P dye concentration with 150 mg of dosage was 6.14% and 19.82% higher than OD-20
Orange peel. and untreated orange peel respectively. Furthermore, OD-20+US also increases the

desorption efficiency by 5.81% and 18.37% when compared with OD-20 and untreated
orange peel respectively. With OD-20, the number of active pore availability increases
due removal of moisture content by sucrose particles and US able to create microscopic
channels in porous materials to enhance the moisture removal and captures of dye ions.

Contribution/Originality: The paper's primary contribution is finding that combination of ultrasound and
osmotic dehydration treatments has positive impact on the preparation of adsorbent. It is able to generate the

adsorbent with high adsorption capacity and reusability by introducing the treatments.

1. INTRODUCTION

In this century, dyes are commonly used by many industries to colour and enhance the appearance of their
product. These industries include food, paper, plastics, paint and also textile industries. The usage of dyes will
eventually generate a considerable amount of colored wastewater due to less efficient in dyeing techniques and it is
required to be treated before discharging it. The application of reactive dyes in a process will cause more than 50%
of dyes lost directly into the water streams [17]. Colour dyes are greatly visible, easily detectable and unpleasant in
water, even though the concentration is extremely low [27]. Moreover, the application of dye in industrial processes
will produce colored water which may slow down the photosynthesis process. This situation will eventually affect
the environment and aquatic ecosystems. Major problem to the environment may occur if they are broken down
anaerobically in the sediment [37].

In the world-wide, there are approximately 800,000 tons of dyes produced annually and there are more than
100,000 types of dyes available in the market [47]. The most common pollutant found in industrial wastewater is the

synthetic dyes due to its good solubility in water. Many of these dyes are toxic and harmful to the environment,
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especially towards aquatic life. Thus, the removal of colour dyes from wastewater is a very important process before
discharging it to the environment. However, it is very hard to treat wastewater which contains dyes in it as they are
recalcitrant organic molecules which resists to aerobic digestion and have good stability under heat condition and
presence of oxidizing agent 5. In present, colour dyes can be removed through biological, chemical and physical
treatment. Biodegradation methods such as fungal decolorization and microbial degradation are the most common
and economical biological method to remove dye from water [67. Chemical treatment involves coagulation,
flocculation, floatation and filtration process [77]. Physical treatment involves membrane filtration process and also
adsorption techniques [7]. In physical treatment, adsorption is widely used in dye removal process due to
insensitivity towards toxic pollutants, ease of operation and highly effective compared to other treatment [87].
Adsorption technique uses solid adsorbents to eliminate a definite range of toxic and harmful pollutants from
wastewaters. Conventional adsorbents which commonly applied by industries to remove dyes include activated
carbon, zeolites, clays, chitin and chitosan [97]. Among all types of solid adsorbents, activated carbon is the most
favored one due to high adsorption performance. However, activated carbon is very expensive in term of
regeneration and operation [107]. Therefore, many researchers are looking into the replacement of high cost
activated carbon with alternative adsorbents.

In present days, many raw agricultural solid wastes such as corn cob [117] rice husk [127 barley husk [13]
orange peel [147] sawdust [15] and wheat straw [27] have been used as adsorbent to eliminate dye from water by
many industries. They are commonly used as adsorbent due to high availability in large quantities, unique
physicochemical characteristics and low cost. Before using it to remove dyes from wastewater, agricultural wastes
have to undergo drying process to ensure the structure of the solid waste is free from water and have the room to
trap colour dye. The drying process is very important in adsorbent preparation. Ultrasound and osmotic
dehydration had been widely applied in drying process as to enhance the moisture removal and shorten the drying
time. In this study, both ultrasound and osmotic dehydration treatments were used to prepare the adsorbent to
further apply in adsorption study. It is suggested that ultrasound can improve the moisture removal from the
sample with the assistance of osmotic dehydration by creating microscopic channels in the sample cell structure
whilst it contributed as the adsorption sites in the adsorption process later for dye particle to bind with [167].

The first part of this study was to determine the drying kinetic of the osmotic dehydration pre-treated orange
peels with different sucrose concentration (°Brix). Then in the second part of the study, the osmotic dehydration
pre-treated orange peels were used in the adsorption study at different dye concentration and with different
adsorbent dosages. The effect of osmotic dehydration treatment on the orange peel at optimum sucrose

concentration in drying and dye adsorption performances was further compared with the assistance of ultrasound.

2. MATERIALS AND METHODS
2.1. Sample Preparation

Orange was purchased from local market in Cheras, Kuala Lumpur, Malaysia. The orange peel was separated
from the pulp by using hand and rinsed with distilled water to remove the dirt from the surface of the orange peel.
It was cut into slabs with equivalent size and thickness. The dimension of the slab was approximately 10 mm x 10
mm x 3 mm. All the samples were prepared on the same day to minimize the difference of moisture content between

the samples. Sample was wrapped with plastic film to prevent water loss.

2.2. Osmotic Dehydration Pre-Treated Adsorbent

The hypertonic solutions of 20, 40 and 60 °Brix were prepared by dissolving 20, 40 and 60 g of sucrose
respectively in 100 g of distilled water. The sucrose and water was evenly mixed with a glass rod to ensure the
sucrose is completely dissolved in water. After that, 15 g of orange peels were weighted and immersed in the

hypertonic solution of different concentrations (20, 40 and 60 °Brix) for an hour. The sample was then removed
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from the solution and dried in an oven (AE-18N, Pensonic, Malaysia) at 100 °C. The weight of the sample was
measured by using a weighing balance at every 5 min until a constant weight was obtained. The total moisture
content percentage of the sample was calculated by using Equation 1 [177]. The dried sample were grinded into
powder form by using the grinding machine (RW-5082, Richwell, Malaysia) and stored in an air tight container for

further use in the adsorption process.

Weight — Weight

Wet sample Dried sample

‘ ¥ 100%
Welghtnnad sample

Total moisture content (%) =

2.8. Ultrasound-Assisted Osmotic Delyydration Pre-Treated Adsorbent

15 g of orange peels were immersed into 100 g of hypertonic solution in a 2 L conical flask. The hypertonic
solution with optimum concentration which gives the highest adsorption efficiency was used as the sonication
medium in the ultrasound treatment. The conical flask was then immersed in the ultrasound bath tank (53 kHz-350
W, sk7210HP, KUDOS, China) and treated at 90% sonication power for an hour at 40 °C. The ultrasound-assisted
osmotic dehydration treated sample was then dried in an oven at 100 °C until a constant weight was achieved. The
dried sample was grinded into powder form by using the grinding machine (RW-5082, Richwell, Malaysia) and
stored in an air tight container for further use in the adsorption process. The ultrasound and osmotic non-treated

orange peels were used as control in this study.

2.4. Adsorption Experiment

Batch adsorption study was conducted by adding 100 mg of adsorbent into 100 mL of crystal violet (R&M
marketing, Essex, United Kingdom) dye solution at different initial concentrations of 20, 40 and 60 mg/L in a 250
mL beaker. The beaker was placed on a magnetic stirrer (C-MAG HS 7, IKA, Malaysia) and stirred at 700 rpm. The
dye concentration was measured at every 10 min by using the UV-Vis spectrophotometer (Hitachi U-2900
Spectrophotometer, Japan) at a wave-length of 590 nm. The experiment was continued until the dye concentration
become constant.

The adsorption capacity at time ¢, ¢ (mg/g) and equilibrium adsorption capacity, q. (mg/g) were calculated by
using Equation 2 and Equation 3 respectively. These values were further used to determine the isotherms of
kinetics of the adsorption. The total percentage removal of dye by the absorbent was calculated by using Equation
4.

U(Co —C,)
q. =——"—>

w (2)
q. = ﬂ(c‘o - Ce)
) w (3)

; Co —Cs .
% Removal = —— X 100%
0 @

Where C. (mg/L) represents the initial dye concentration, C. (mg/L) represents the remaining dye
concentration at time ¢ (min), and C. (mg/L) represents the equilibrium concentration of absorbent after the
adsorption. w (g) indicates the adsorbent dosage and » (L) represents the volume of the dye solution. The batch
adsorption experiment was then repeated by adding 50 and 150 mg of adsorbents respectively into 100 mL of dye
solution with initial concentration of 20 mg/L in a 250 mL beaker and agitated at 700 rpm. The experiment was

conducted at room temperature condition.
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2.5. Desorption Experiment

The samples of untreated orange peel, orange peel treated with osmotic dehydration at optimum concentration,
and orange peel treated with ultrasound-assisted optimum osmotic dehydration were used for desorption
experiment. Each sample with dosage of 150 mg were added into a 100 mL dye solution with concentration of 20
mg/L in a 250 mL beaker and agitated for 700 rpm. After adsorption, the adsorbent was removed from the dye
solution through centrifuge machine (2-6E, Sigma Laborzentrifugen, Germany) at 3000 rpm for 12 min. The
absorbent was added into a 250 mL beaker containing 100 mL of 1 M NaCl and agitated at 700 rpm for 160
minutes. The concentration of the dye was measured every 10 min by using the UV spectrometer. The percentage

of desorption was calculated using Equation 5 and compared with the adsorption percentage.

(N
%6 Desorption = C—d X 1009
Ga

(5)
where C. (mg/L) is the amount of dye adsorbed by the adsorbent and C:(mg/L) is the amount of dye in the solution

at respective time ¢ (min) [187].

2.6. Characterization of Orange Peel Powder

Scanning electron microscopy (SEM) viewing was conducted to analyze the surface structure of the orange peel
before and after osmotic dehydration treatment at optimum concentration, with and without ultrasound pre-
treatment process. A small amount of each sample was attached on a metal plate and gold coated with a sputter
coater (BALTEC SCD 005, ZEQ-M Trading & Service, Malaysia). After coating, the sample was scanned with
scanning electron microscopy (JSM-IT100, JEOL, Malaysia). The image of the sample was magnified in a variety of

magnification range to observe the surface structure of the sample in details.

3. RESULTS AND DISCUSSION
3.1. Effect of Osmotic Delyydration and Ultrasound on Drying

Moisture content in the orange peel is very important to be removed for its adsorbent preparation. Osmotic
dehydration and ultrasound pre-treatment will eventually affect the drying time of a sample [197. The researcher
proved that both pre-treatments will increase the diffusivity of water from the sample during the air drying process.
The osmotic pre-treated sample will result in water loss and sugar gain due to diffusivity of sugar particle in the
hypertonic solution [197. Furthermore, ultrasound treatment which creates the microscopic channel allowed the
diffusion of water to be much easier [167]. Figure 1(a) shows the total moisture content percentage of sample
treated with osmotic dehydration at different concentration of hypertonic solution, i.e. 20 °Brix (OD-20), 40 °Brix
(OD-40) and 60 °Brix (OD-60). The results were compared with the sample without treatment and sample treated
with ultrasound-assisted osmotic dehydration at 20 °Brix at 90% sonication power (OD-20+US).

The results show that orange peel with pre-treatment has a lower total moisture content compared with the
untreated orange peel. In OD treatment, it shows that the moisture content remained inside the adsorbent with
OD-60 is much lesser compared to OD-40 and OD-20. It shows that as the sucrose concentration in hypertonic
solution increased, the moisture content remained in the orange peel after treatment will be lower. This might due
to the fact that the water is forced out from the sample by the sugar particle. Therefore, when the concentration in
hypertonic solution increases, the sugar particle forcing into the sample will also increase and lead to higher
percentage of water being forced out from the sample. At lower concentration, the sugar particle diffusing into the
sample is lower and hence the water remained inside the sample is much higher. Moreover, the percentage of total
moisture content inside the sample with OD-20 has reduced 5% with the assistance of ultrasound. The reduction in

moisture content with assistance of ultrasound might due to the creation of microscopic channels in the internal
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structure of the orange peel. With the development of microscopic channels, more sugar particle from the
hypertonic solution will able to diffuse in and force out the water from the orange peel. Figure 1(b) shows that the
drying time for OD-60 is only around 120 minutes while the drying time for untreated sample, OD-20 and OD-40
is above 140 minutes. Although the moisture content of sample OD-20+US is higher compared to OD-40 and OD-
60, however, its drying time is much shorter compared with other samples, where it only took around 100 minutes
to dry completely. This is suggested that the microscopic channels created by ultrasound have increased the water

diffusion during the drying process.

3.2. Effect of Dye Concentration on Adsorption

In the OD treatment without ultrasound for the adsorption of 40 mg/L dye solution, OD-20 has the highest
equilibrium adsorption capacity, followed by OD-40 and OD-60 as showed in Figure 2(a). This might due to lower
sugar component remained in the cell structure causing higher amount of pores available to trap the dye ions. The
result further shows that when OD-20 was assisted with ultrasound treatment, its adsorption capacity was 8.06%
higher than the OD-20 sample without ultrasound treatment. It is suggested that the porous structure and
microscopic channel which created by ultrasound cavitation effect on the sample have contributed as the adsorption
sites to bind with the dye ions [20, 217. The adsorption capacity of all the adsorbents with different pre-treatment
show a similar trend at all the dye concentrations from 20 mg/L to 60 mg/L. As the concentration increased, the
adsorption capacity will also increase.

Figure 2(b) shows the percentage of dye removal for all the adsorbents at different level of dye concentrations.
As the concentration of dye solution increased, the percentage of dye removal by the adsorbent reduced. The dye
removal percentage of untreated orange peel at 20 mg/L dye concentration shows 23% and 38% higher than 40
mg/L and 60 mg/L dye concentration respectively. The percentage of dye removal for orange peel with OD
treatment is always higher compared with untreated orange peel at all the dye concentrations. It is observed that
OD-20 has the highest percentage in dye removal compared to other OD treatment with different brix level. It
shows about 28 — 30% higher than the control at dye concentration between 20 — 60 mg/L. Moreover, the
percentage of dye removal of OD-20 has further increased about 10 — 18% for dye concentrations between 20 — 60

mg/L with the assistance of ultrasound.

3.8. Effect of Adsorbent Dosage on Adsorption

Figure 3(a) shows the adsorption capacity of adsorbent with different pre-treatments in 40 mg/L of dye
solution decreased when the adsorbent dosage increased from 50 mg to 150 mg. When the dosage of adsorbent
increases, the number of active sites on the adsorbent structure will also increase, thus increases the opportunity for
the dye particles to bind with the adsorbent, hence lead to higher percentage of dye removal as showed in Figure
3(b) [227]. However, the adsorption capacity of the adsorbent during the equilibrium is depends on the ratio
between the active site to the concentration of dye in the solution. Lower dosage of adsorbent shows higher
adsorption capacity at the end of the adsorption process as most of the active sites are filled with dye particles after
the adsorption, while higher dosage of adsorbent shows lower adsorption capacity as the ratio of active sites
availability in the structure is higher than the amount of dye particles to be adsorbed in the solution. Higher dosage
of adsorbent gave dramatic positive impact on decolorization and shows a direct proportional relationship between
the adsorbent dosage and the percentage of dye removal [237]. The adsorbent pre-treated with lowest brix of
hypertonic solution gave the highest percentage of dye removal as showed in Figure 3(b). At the highest dosage of
150 mg, OD-20 pre-treated orange peel indicated the highest increased about 87% compared to the control. Whilst
with the assistance of ultrasound, OD-20+US pre-treated orange peel had further increased the dye removal

percentage about 49% compared to the control.
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3.4. Desorption Study

The desorption study on adsorbent was carried out after the adsorption process to identify the potential of
reusability of the particular adsorbent. The reusability of an adsorbent is important in term of costs and industrial
application. This study is able to outline the nature of dye adsorption process and the recovery of crystal violet from
adsorbent with different pre-treatment. Before conducting the desorption process, adsorption of crystal violet with
20 mg/L on 150 mg of adsorbents (control, OD-20 and OD-20+US) were carried out. During the adsorption
process, the non-treated adsorbent (control), OD-20 and OD-20+US has adsorbed 54.30%, 67.48% and 73.62% of
dye ions respectively as shown in Figure 4. In the desorption process, 1 M of NaCl was used and the dye was
desorbed for 160 min. During the desorption process, the control, OD-20 and OD-20+US adsorbents manage to
desorb 78.05%, 85.61% and 91.42% of dye ions respectively from the total amount of dye absorbed during the
adsorption process. The adsorbent showed higher adsorption and desorption percentage with the assistance of
ultrasound during the osmotic dehydration treatment. Therefore, it can be concluded that the adsorbent with

osmotic dehydration and ultrasound pre-treatments will have a better potential to be reused.

3.5. Scanning Electron Microscopy (SEM)

The surface feature of the untreated adsorbent, and adsorbents pre-treated with OD-20 and OD-20+US were
identified by using the scanning electron microscopy. Figure 5 shows the morphology and surface feature of the
untreated and OD-20 pre-treated adsorbents are with magnification of 800, while OD-20+US pre-treated adsorbent
with magnification of 450. Through the observation on Figure 5(a), the non-treated adsorbent has the potential on
adsorption due to the availability of the pores structure naturally on its sample structure. For OD-20 pre-treated
adsorbent, the number of pores appeared in the structure is higher compared with untreated orange peel and it also
more evenly distributed on the structure.

When orange peel is treated with osmotic dehydration, the hypertonic solution will actually break the cell wall
and enlarge the pore size and the pore depth [247]. At the same time, the sugar content from the hypertonic solution
will actually diffuse into the structure and force part of the water to diffuse out from the structure [257. The larger
pore size caused by OD will give a better adsorption capacity compared with the untreated adsorbent. With the
assistance of ultrasound, it shows that the pore size on the structure is slightly bigger and the depth is deeper
compared to the adsorbent which only undergo OD treatment. Ultrasound will eventually create microscopy
channels in the structure causing more water to be removed from the structure and enhance the drying effect.
When the structure is larger, it causing more sugar particle which trapped inside the structure during osmotic
dehydration to escape from the structure through diffusion. This eventually increases the active pore surface area,

which allows more dye ions to be adsorbed on the active site of the adsorbent.

4. CONCLUSIONS

In conclusion, as the concentration of the hypertonic solution increased, the moisture content remained inside
the orange peel decreased. However, a lower adsorption capacity was observed when the concentration of
hypertonic solution increased due to sucrose content that diffused into the orange peel was increased and reduced
the active pore surface area for adsorption. Therefore, orange peel pre-treated with OD-20 has the highest
adsorption efficiency compared to OD-40 and OD-60. Furthermore, the application of ultrasound on osmotic
dehydration was able to reduce the moisture contents and improve the adsorption capacity of the adsorbent on
crystal violet. The research has proven that the adsorbent pre-treated with osmotic dehydration and ultrasound has

high potential to be reuse with its high desorption capacity on dye.

Funding: This study received no specific financial support.
Competing Interests: The authors declare that they have no competing interests.
Acknowledgement: All authors contributed equally to the conception and design of the study.

© 2020 Conscientia Beam. All Rights Reserved.



International Journal of Chemical and Process Engineering Research, 2020, 7(1): 1-11

REFERENCES

(1]

2]

[s]

ICH

7]

ICH

[9]

[10]

[1]

[12]

[18]

[14]

[15]

[16]

G. McMullan, C. Meehan, A. Conneely, N. Kirby, T. Robinson, P. Nigam, I. Banat, R. Marchant, and W. Smyth,
"Microbial decolourisation and degradation of textile dyes," Applied Microbiology and Biotechnology, vol. 56, pp. 81-87,
2001.

P. Nigam, G. Armour, I. Banat, D. Singh, and R. Marchant, "Physical removal of textile dyes from effluents and solid-
state fermentation of dye-adsorbed agricultural residues," Bioresource Technology, vol. 72, pp. 219-226, 2000. Available
at: https://doi.org/10.1016/s0960-8524(99)00123-6.

E. J. Weber and W. N. Lee, "Kinetic studies of the reduction of aromatic azo compounds in anaerobic sediment/water
systems," Environmental Toxicology and Chemistry: An International Journal, vol. 6, pp. 911-919, 1987. Available at:
https://doi.org/10.1002/etc.5620061202.

M. A. Hassaan and A. El Nemr, "Health and environmental impacts of dyes: Mini review," American Journal of
Environmental Science and Engineering, vol. 1, pp. 64-67, 2017.

K. M. Ravi, T. R. Sridhari, and K. D. Bhavani, "Trends in color removal from textile mill effluents," Colorage, vol. 40,
pp- 25-34, 1998.

Y. Fu and T. Viraraghavan, "Fungal decolorization of dye wastewaters: A review," Bioresource Technology, vol. 79, pp.
251-262, 2001. Available at: https://doi.org/10.1016/s0960-8524(01)00028-1.

G. Crini, "Non-conventional low-cost adsorbents for dye removal: A review," Bioresource Technology, vol. 97, pp. 1061-
1085, 2006. Available at: https://doi.org/10.1016/j.biortech.2005.05.001.

A. Dabrowski, "Adsorption—from theory to practice," Advances in Colloid and Interface Science, vol. 93, pp. 135-224,
2001. Available at: https://doi.org/10.1016/s0001-8686(00)00082-8.

W. L. Teng, E. Khor, T. K. Tan, L. Y. Lim, and S. C. Tan, "Concurrent production of chitin from shrimp shells and
fungi," Carbohydrate Research, vol. 332, pp. 305-316, 2001. Available at: https://doi.org/10.1016/s0008-6215(01)00084-
2.

T. Robinson, G. McMullan, R. Marchant, and P. Nigam, "Remediation of dyes in textile effluent: A critical review on
current treatment technologies with a proposed alternative," Bioresource Technology, vol. 77, pp. 247-255, 2001.
Available at: https://doi.org/10.1016/50960-8524(00)00080-8.

R.-S. Juang, F.-C. Wu, and R.-L. Tseng, "Characterization and use of activated carbons prepared from bagasses for
liquid-phase adsorption," Colloids and Surfaces A: Physicochemical and Engineering Aspects, vol. 201, pp. 191-199, 2002.
Available at: https://doi.org/10.1016/50927-7757(01)01004-4.

M. M. Mohamed, "Acid dye removal: Comparison of surfactant-modified mesoporous FSM-16 with activated carbon
derived from rice husk," Journal of Colloid and Interface Science, vol. 272, pp. 28-34, 2004. Available at:
https://doi.org/10.1016/].jcis.2003.08.071.

T. Robinson, B. Chandran, and P. Nigam, "Removal of dyes from an artificial textile dye effluent by two agricultural
waste residues, corncob and barley husk," Environment International, vol. 28, pp. 29-33, 2002. Available at:
https://doi.org/10.1016/s0160-4120(01)00131-3.

R. Sivaraj, C. Namasivayam, and K. Kadirvelu, "Orange peel as an adsorbent in the removal of acid violet 17 (acid dye)
from aqueous solutions," Waste Management, vol. 21, pp. 105-110, 2001. Available at: https://doi.org/10.1016/50956-
053x(00)00076-3.

P. K. Malik, "Use of activated carbons prepared from sawdust and rice-husk for adsorption of acid dyes: A case study of
Acid Yellow 386," Dyes and Pigments, vol. 56, pp. 239-249, 2003. Available at: https://doi.org/10.1016/50143-
7208(02)00159-6.

E. Tarleton, "The role of field-assisted techniques in solid/liquid separation," Filtration & Separation, vol. 29, pp. 246-

238, 1992. Available at: https://doi.org/10.1016/0015-1882(92)80255-h.

© 2020 Conscientia Beam. All Rights Reserved.



International Journal of Chemical and Process Engineering Research, 2020, 7(1): 1-11

[17] T. C. Acharjee, C. J. Coronella, and V. R. Vasquez, "Effect of thermal pretreatment on equilibrium moisture content of
lignocellulosic ~ biomass,"  Bioresource ~ Technology, ~vol. 102, pp. 4849-4854, 2011. Available at:
https://doi.org/10.1016/).biortech.2011.01.018.

[18] S. Mahmood, S. Mahmood, and S. Mahmood, "Adsorption/desorption of Direct Yellow 28 on apatitic phosphate:
Mechanism, kinetic and thermodynamic studies," Journal of the Association of Arab Universities for Basic and Applied
Sciences, vol. 16, pp. 64-78, 2014. Available at: https://doi.org/10.1016/].jaubas.2013.09.001.

[19] F. A. Fernandes, M. 1. Galldo, and S. Rodrigues, "Effect of osmosis and ultrasound on pineapple cell tissue structure
during  dehydration,"  Journal of Food Engineering, vol. 90, pp. 186-190, 2009. Available at:
https://doi.org/10.1016/].jfoodeng.2008.06.021.

[20] S. K. Low and M. C. Tan, "Dye adsorption characteristic of ultrasound pre-treated pomelo peel," Journal of
Environmental Chemical Engineering, vol. 6, pp- 3502-3509, 2018. Available at:
https://doi.org/10.1016/].jece.2018.05.018.

[21] S. K. Low, M. C. Tan, and N. L. Chin, "Effect of ultrasound pre-treatment on adsorbent in dye adsorption compared
with ultrasound simultaneous adsorption," Ultrasonics Sonochemistry, vol. 48, pp. 64-70, 2018. Available at:
https://doi.org/10.1016/j.ultsonch.2018.05.024..

[22] P. H. Rossi, M. W. Lipsey, and G. T. Henry, Evaluation: A systematic approach. Thousand Oaks, California: Sage
Publications, 2018.

[23] Y. Wen, W. Liu, Z. Fang, and W. Liu, "Effects of adsorption interferents on removal of Reactive Red 195 dye in
wastewater by Chitosan," Journal of Environmental Sciences (China), vol. 17, pp. 766-769, 2005.

[24] J. Garcia-Noguera, F. I. Oliveira, M. I. Galldo, C. L. Weller, S. Rodrigues, and F. A. Fernandes, "Ultrasound-assisted
osmotic dehydration of strawberries: Effect of pretreatment time and ultrasonic frequency," Drying Technology, vol. 28,
pp. 294-308, 2010. Available at: https://doi.org/10.1080/07373930903530402.

[25] M. Chafer, S. Perez, and A. Chiralt, "Kinetics of solute gain and water loss during osmotic dehydration of orange
slices,"  Food  Science and  Technology  International, vol. 9, pp. 889-396, 2003. Available at:
https://doi.org/10.1177/1082013203040545.

FIGURE CAPTIONS

(a) 400

356.06

= 350 4

= 306.12 301.12

é 300 +

E 250 - 234 82

E 200 A 186.05

2 150 |

£ 100 A

50 -

0 . T r T T

Control OD-20 OD-40 OD-60 OD-20+US

Types of pre-treatment

© 2020 Conscientia Beam. All Rights Reserved.



International Journal of Chemical and Process Engineering Research, 2020, 7(1): 1-11

—e— Control

Weight loss (%)
.
=

30 1 —8—0D-20
0 | —&—OD-40

= OD-60)
10 -

——0D-20+1U58

0 10 20 30 40 50 60 70 80 90 100110120130 140 150160 170

Figure-1. Percentage of (a) total moisture content and (b) weight loss of orange peel after osmotic dehydration
(OD) and ultrasound (US) pre-treatments.
Source: The data was obtained from experimental works.
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Figure-2. (a) Adsorption capacity and (b) percentage of dye removal for adsorbent with different pre-treatment at dye concentration of 20 mg/L,

40 mg/L and 60 mg/L.

Source: The data was obtained from experimental works.
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Figure-3. (a) Adsorption capacity and (b) percentage of dye removal for adsorbent with different pre-treatment at adsorbent dosage of 50, 100
and 150 mg.
Source: The data was obtained from experimental works.
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Figure-4. Percentage removal of dye during adsorption and desorption.
Source: The data was obtained from experimental works.
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Figure-5. Image of scanning electron microscopy for (a) untreated adsorbent, (b) OD-20 and (c¢) OD-20+US pre-treated adsorbents.
Source: The figures were obtained from scanning electron microscopy image viewing.
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