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Abstract. In this study, equipped charcoal of Ficus carica without being impregnated impregnated with potassium
hydroxide (KOH), zinc chloride (ZnCl,) and phosphoric acid (H3PO4) was used for sorption comparison of trivalent
chromium, Cr (lll) from tannery wastewater. The equipped charcoals are characterized by Fourier transforms infrared
spectroscopy (FT-IR) before and after sorption of Cr(lll). The quantitative elemental analysis of the charcoal is performed
using PGT Energy dispersive X-ray spectrometry (EDX). The Cr(lll) sorption efficacy of charcoal was examined investigating
charcoal dose, contact time, and relative pH. Batch sorption test revealed that Ficus carica charcoal without impregnation
had the maximum sorption capacity of Cr(lll). At the same conditions, Cr(Ill) sorption efficiency on the Ficus carica
charcoal without impregnation, impregnated with potassium hydroxide, zinc chloride, and phosphoric acid was 98.9%,
98.8%, 8.9% and 2.5%, respectively. The study could be helpful to design the sorption of trivalent chromium from the
tannery wastewater in-house prior to discharge.
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1 Introduction

The leather industry has a significant position in Bangladesh economy considering its importance in
production, employment and export. In the absence of effluent treatment plant (ETP), about 113
tanneries in Bangladesh generate approximately 20,000 m? tannery effluent per day (Paul et al.
2013). Usually, leather processing operations are conducted with a huge amount of chemicals. But
a majority of these chemicals are not up-taken by the pelt. Mostly, chemicals remaining in
wastewater are discharged as waste without being treated causing serious pollutions. Chrome
tanning is mostly used to obtain an extraordinary dyeing, hydrothermal stability, and excellent
mechanical resistance in leather. More than 90% of the global leather production of 18 billion sq.
ft is conducted through the chrome-tanning process (Sundar et al. 2002). Only 60-70% of chromium
(Cr) applied in the tanning process are consumed by leather where untreated wastewater holds
1500-3000 mg/L of Cr (Aravindhan et al. 2004). Every day approximately 1.25 tons of chromium is
discharged into the Bangladeshi river (UNIDO, 2000). Usually, trivalent chromium, Cr (lIl)
discharging through the wastewater is further oxidized to hexavalent chromium, Cr (VI) that is
acutely and chronically toxic to humans even in low concentrations. Therefore, it is essential to
remove Cr from chrome tanning effluent before it is released.

By using biological treatment, dissolved solids like Cr removal are not possible. Remediation of
Cr from tannery waste effluent can be performed by ion exchange (Rengaraj et. al. 2003), chemical
precipitation (Zhou et al. 1995), membrane separations (Kozlowski et. al. 2002), electrochemical
precipitation (Kongsricharoern et al. 1996) but high capital and operational costs limit these
methods to use commercially. Moreover, a separate pre-treatment or a set of treatments are
required for most of the treatment processes. But in the case of the adsorption process, no pre-
treatment is required with cheap, simple and easy application.

For having the availability of extensive surface area, microporous structure and high adsorption
capacity; the production of charcoal from cheaper materials has gained significant attention for
wastewater treatment (Anirudhan and Sreekumari, 2011). All carbonaceous materials are possible
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to be converted into charcoal, though the properties of the final product will be different,
depending on the nature of the raw material, activating agent and activation processes (Bansal and
Goyal, 2005). A large number of products, such as coffee husks (Oliveira et al. 2009), mahogany
sawdust (Santra et al. 2008), cocoa shell (Ahmad et al. 2012), waste tea (Auta and Hameed, 2011),
coffee grounds (Reffas et al. 2010), pomegranate shell (Ghaedi et al. 2012), mahogany sawdust
(Malik, 2003), rice husk (Malik, 2003; Santra et al. 2008), coconut shell (Santra et al. 2008), etc. have
been successfully converted into low-cost charcoal. The major use of activated carbon is for
removing taste, colour, odours, and impurities from liquids/wastewaters and also in solution
purification. Besides, in recent times it has been increasingly used for the prevention of
environmental pollution (Onyeji and Aboje, 2011).

Ficus carica, a plant is the source of fruit known as fig. It is widely grown throughout the world
without any special caring for being dispersed by birds and mammals. In some countries, Ficus
carica has been used for medicinal benefits (Duke et al. 2002) and a supplement food for diabetics
(Mawa et al. 2013) but in Bangladesh, it has no conventional utilization. Ficus carica charcoal can
be effectively used for removal of Cr from tannery effluent. It has been found that after chemical
or thermal modifications, carbonaceous material exhibited tremendous Cr removal capability.
Thermal modification is easy and inexpensive but in chemical activation, chemical reagents like zinc
chloride (ZnCl,), phosphoric acid (H3sPQ,), potassium hydroxide (KOH) are used (Buczek, 2016). The
drawback of activation with ZnCl; is the occurrence of pollution with zinc salts which are difficult to
remove (Owabor and lyaomolere, 2013). Others the price of ZnCl, is higher and extra treatment like
washing and pH maintenance are required after activation. From washing, chloride (CI') is usually
released that inhibits the growth of plants, bacteria, and fish in surface waters with occurring
surface salinity. Activation with H3PO4results in a pitch like sticky charcoal inhibiting the application
with additional chemical costs. But natural Ficus carica charcoal preparation is possible without any
chemical treatment and additional costs. Only thermal modification using pyrolysis is enough to
make this type of charcoal. The main advantages of using this charcoal are cheap, accessible and
available in abundant quantity.

The aim of this study was using Ficus carica to produce charcoal adsorbent to remove Cr (l11) from
the wastewater. The investigation could fulfil the purpose of Cr (lll) removal from tannery
wastewater using a low-cost adsorbent prepared from Ficus carica which is not generally used
profitably in Bangladesh.

2 Materials and Methods
2.1 Sample Collection

Chrome containing wastewater was collected from the SAF Leather Limited, Khulna, Bangladesh.
The chrome liquor was collected in a high-density polyethylene container. Before collecting the
chrome liquor the container was washed with diluted nitric acid according to the standardized
laboratory method. The industrial wastewater was primarily filtered to remove unexpected
suspended solids and the filtered liquor was used for treatment. Ficus carica was collected from
university campus of Khulna University of Engineering & Technology, Khulna, Bangladesh.

2.2 Charcoal Preparation
The collected Ficus carica were chopped into small pieces and sun-dried. Afterwards, it was burnt
at 600 °C in a furnace and crushed with mortar to produce a charcoal powder. Lastly, the required

size of the charcoal adsorbent was obtained by sieving on 80-mesh. Fig. 1(a) shows the prepared
Ficus carica charcoal.
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2.2.1 Preparation of KOH impregnated charcoal

Dried Ficus carica was mixed with ground KOH in a ratio (1:3). Treatment carried out at 600°C in a
furnace. Then, the solution was neutralized with 5% HCI at pH 6.5. After filtration, it was dried at
120 °Cin the oven (Buczek, 2016). Lastly, the required charcoal adsorbent was obtained by crushing
with mortar. Fig. 1(b) shows the KOH impregnated Ficus carica charcoal.

(b) () (d)

Fig.1. Ficus carica (a), KOH impregnated (b), ZnClz impregnated (c) and HsPO4 impregnated (d) charcoal

2.2.2 Preparation of ZnCl: impregnated charcoal

To prepare ZnCl, impregnated charcoal, dried Ficus carica was impregnated in an agueous solution
of 0.05M ZnCl; for 72 h with occasional stirring. It was then dried and carbonized at 600°C. Then,
the solution was neutralized with 5% HCIl solution. Finally washed with distilled water to remove
(CI') and dried in an oven (EI-Maghraby et al. 2014). Then the charcoal adsorbent was obtained by
crushing with mortar. Fig. 1(c) shows the ZnCl, impregnated Ficus carica charcoal.

2.2.3 Preparation of H3PO4 impregnated charcoal

The dried Ficus carica was soaked in a boiling solution of 40 % H3PO, for 1 h and then kept at room
temperature for 24 h (EI-Maghraby et al. 2014). After that, the Ficus carica was separated, air dried
and carbonized in the furnace at 600°C. Then the material was washed with water to remove
residual acid, dried and stored in an airtight plastic container for adsorption studies. Fig. 1(d) shows
the HsPO, impregnated Ficus carica charcoal.

2.3 Reagents

The reagents that were used in this experiment were potassium hydroxide (Merck, India), zinc
chloride (Merck, India), hydrochloric acid (Merck Specialties Private Limited, Mumbai), phosphoric
acid (Merck Specialties Private Limited, Mumbai), pure concentrated nitric acid (Merck Specialties
Private Limited, Mumbai), sulfuric acid (Merck Specialties Private Limited, Mumbai), perchloric acid
(Merck, India), ammonium iron (Merck, India), sulfate hexahydrate (Merck Specialties Private
Limited, Mumbai) and N-phenyl anthranilic acid (Loba Chemie, India), filter paper (Whatman No.
1), anti-bumping agent glass beads (Loba Chemie, India). All of the reagents were collected from
local scientific store, Khulna, Bangladesh.

2.4 Effect of Impregnated Charcoal
To know the effect of KOH, ZnCl; and HsPO,impregnated adsorbent dosage on the uptake of Cr(lll),
50 mL of filtered solution was taken in three different conical flasks incubated with 2 g of natural

Ficus carica charcoal, KOH impregnated, ZnCl, impregnated and HsPOs Ficus carica charcoal,
respectively.
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The flasks were agitated in a shaker at 120 rpm for 10 minutes at room temperature. After 10
minutes of settling, filtration was performed. Then, the Cr (lll) content in the supernatant with
different types of adsorbent was determined.

2.5 Studies of Non-impregnated Charcoal Dose

To know the effect of adsorbent dosage on the uptake of Cr (lIl), 50 mL of filtered Cr (lll) solution at
pH 4 was taken in five different conical flasks incubated with 0.5, 1, 1.5, 2 and 2.5 g of natural Ficus
carica charcoal. The flasks were agitated in a shaker at 120 rpm for 10 min at room temperature.
After 10 min of settling, filtration was performed. Then, the Cr (Ill) content in the supernatant with
different dosage of adsorbent was determined.

2.6 Characterization of Wastewater and Treated Effluent

2.6.1 Chromium and pH determination

Quantitative analysis of Cr (lll) in the waste liquor and treated liquor was ascertained by the
titrimetric method according to the Society of Leather Technologist and Chemists (1996) official
method of analysis SLC 208 (SLT6/4) (SLTC, 1996). At first, 25 mL sample was taken in a 500 mL
conical flask and 20 mL nitric acid and 20 mL of perchloric acid and the sulfuric acid mixture was
added into it. Then the heat was applied gently to boil the mixture until it became a pure orange-
red colour and the boiling was continued for one minute after the point had been reached. Later,
the flask was taken aside from the heating source before exhilaration. Afterwards, the flask was
inserted into a cold bath for rapid cooling and then 100 mL distilled water was carefully poured into
the flask with glass beads. The heat was applied for 10 minutes to make the mixture chlorine free
and after that 10 mL of 30% (v/v) sulphuric acid was carefully added. Finally, when the mixture was
cooled, titration was performed with freshly prepared 0.1N ammonium iron (Il) sulfate solution
with six drops of N-phenyl anthranilic acid as an indicator and the end colour was pointed out as a
colour change from violet to green. The pH of the raw chrome tanning wastewater and treated
effluent was measured using calibrated pH meter (UPH-314, UNILAB, USA).

2.7 Characterization of Charcoal

The charcoal (pure and Cr (lll) loaded) samples were analyzed using Fourier transform infrared
spectrometer (FTIR, Spectrum 100, PerkinElmer, USA) where data recorded at (4000-400 cm™) on
potassium bromide (KBr) discs and Energy dispersive X-ray spectroscopy (EDX) analysis using PGT
Energy dispersive X-ray spectroscopy (Sigma HV, Carl Zeiss Microscopy Ltd.).

3 Results and Discussion
3.1 Comparison of Impregnated and Non-impregnated Charcoal

The effect of natural Ficus carica charcoal and impregnated charcoal on the adsorption of Cr (lll)
was investigated. The removal efficiencies for Ficus carica charcoal, KOH impregnated, ZnCl,
impregnated and H3PO4impregnated Ficus carica charcoal were calculated 98.86%, 98.77%, 8.86%,
and 2.5% respectively shown in Fig. 2. Removal efficiency for ZnCl, and H3PO, impregnated Ficus
carica charcoal being 8.86% and 2.46% respectively indicate that removal of Cr (lll) from
wastewater by using these charcoal was ineffective. In the case of activation with ZnCl;, pollution
with zinc salts occurs which are difficult to remove (Owabor and lyaomolere, 2013). With costly
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ZnCl; salt, washing requires too much water consumption. Moreover, pH maintenance requiring
after activation with ZnCl, poses additional time-consuming step. Usually from washing, released
CI" may inhibit the growth of plants, bacteria, and fish in surface waters with occurring surface
salinity. Again, HsPO4 activated charcoals are not easy to apply because of its gummy nature. Also,
the cost of H3PO4used for activation is not negligible. Whereas, thermal modification using pyrolysis
at 600°C was enough to prepare natural Ficus carica charcoal.
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Fig. 2. Batch sorption of trivalent chromium: 2 g charcoal/75 mL tannery wastewater with contact time 10 min.
3.2 Effect of Adsorbent Dose on Chromium Uptake and pH
The effect of adsorbent dose on the adsorption of Cr (lll) into natural Ficus carica charcoal was

investigated. The maximum removal efficiency was calculated 98.26% with dose 2 g of the
adsorbent with 50 mL of chromium solution.
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Fig. 3. Changes in chromium removal (%) and pH with Ficus carica charcoal dose

Fig. 3 shows the removal efficiency with respect to the adsorbent dose. As the adsorbent dose
increases from 0.5 to 2 g the removal efficiency was found to increase. The removal efficiency with
2 g and 2.5 g dose was 98.26% and 98.39%, respectively. Removal efficiency slightly increases with
2.5 g dose which is negotiable. Thus considering the amount and removal efficiency 2 g was chosen
as the best one. The effect of adsorbent dose on pH was also investigated (Fig. 3) where the pH was
5.8, 6.6, 7.2, 7.8, 7.8 for a dose of 0.5, 1.0, 1.5, 2.0, 2.5 g, respectively. In this case, pH was also
found to increase with increasing adsorbent dose.

3.3 Characterization of Charcoal

3.3.1 FT-IR analysis
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The sorption capacity of different charcoal depends upon porosity as well as the chemical reactivity
of functional groups on the surface. The FT-IR spectrum of pure charcoal and Cr (ll) loaded charcoal
were compared and given in Fig. 4, Fig. 5 and Fig. 6.
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Fig. 4. FT-IR analysis of pure (a) and Cr (lll) loaded (b) Ficus carica charcoal

In case of charcoal without impregnation, a broad region around 2918.2-2954 cm™ wavelength is
the indications of the presence C-H group, C-N at 2322.8-2138.1 cm™, alkane at 1405-1445 cm™,
C=0, C-H, C=H groups at 1382- 1036 cm™ (Kalaivani et al. 2014) as shown in Fig. 4(a). Again, a broad
region around 3373-3422 cm™ is the indications of the presence of O-H, N-H, C-H group, 1550-1560
cm of secondary amine in case of Cr loaded charcoal without impregnation (Kalaivani et al. 2014)
shown in Fig. 4(b).

In case of KOH impregnated charcoal, 3000 cm™ wavelength is the indications of the presence C-
H group, 2322.8-2138.1 cm™ of C-N, 1654-1646 cm™ of C=0, C=0, C-H, C=H groups at 1382- 1036
cm? (Kalaivani et al. 2014) shown in Fig. 5(c). Again, 1550-1560 cm™ is the indications of the
presence of secondary amine in case of Cr loaded KOH impregnated charcoal (Kalaivani et al. 2014)
shown in Fig. 5(d).
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Fig. 5. FT-IR analysis of pure KOH impregnated (c) and Cr loaded KOH impregnated (d) Ficus carica charcoal

In the case of ZnCl, impregnated charcoal, 2918.2-2954 cm™ wavelength is the indications of the
presence C-H group (Kalaivani et al. 2014) shown in Fig. 6(e) and 1550-1560 cm™ are the indications
of the presence of secondary amine, 1050-1030 cm™ of C-N (Kalaivani et al. 2014) for Cr loaded
ZnCl; impregnated charcoal shown in Fig. 6(f). The functional groups in the ZnCl, impregnated Ficus
carica charcoal were relatively less than two others which were the cause of less Cr removal by this
charcoal. It ensures the involvement of different functional groups like carbonyl and carboxylic
groups of pure charcoal in the sorption process. From FT-IR analysis it is found that after Cr sorption
the functional groups in charcoal changed their positions as Cr was up-taken.
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It is noticeable that without impregnated charcoal has a higher sorption capacity. Conversely,
impregnation with chemical requires cost involvement, time-consuming, long process time, and not
safe. Fig. 4, Fig. 5 and Fig. 6 depict a shift in the peak intensity which indicates the change of
frequency in the functional groups of the charcoal due to chromium sorption. It indicates various
responsible functional groups for the removal of Cr(lll) through Ficus carica charcoal.
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Fig. 6. FT-IR analysis of pure ZnCl2 impregnated (e) and Cr loaded ZnCl, impregnated (f) Ficus carica charcoal

3.3.2 EDX analysis

Fig. 7(a) and Fig. 7(b) represent the EDX analysis of pure Ficus carica charcoal and Cr loaded Ficus
carica charcoal, respectively. The presence of Cr is clear that non-impregnated Ficus carica charcoal
has the sorption capacity. The impregnated charcoal analysis for before and after treatment is shown
in Fig. 8 (a), (b), (c) and (d) representing KOH impregnated Ficus carica charcoal, Cr loaded KOH
impregnated Ficus carica charcoal, ZnCl, impregnated Ficus carica charcoal, Cr loaded ZnCl,
impregnated Ficus carica charcoal respectively. The comparison between before and after treatment
showed the presence of Cr-after treatment confirming sorption of Cr(III).
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Fig. 7. EDX analysis of (a) Ficus carica Charcoal (b) Cr loaded Ficus carica Charcoal
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Fig. 8. EDX analysis of (a) KOH impregnated Ficus carica charcoal (b) Cr loaded KOH impregnated Ficus carica
charcoal (c) ZnCl; impregnated Ficus carica charcoal (d) Cr loaded ZnCl, impregnated Ficus carica charcoal

From Fig. 7(b), 8 (b) and 8 (d) it is clearly evident that the non-impregnated Ficus carica charcoal
showed the presence of higher Cr content than the impregnated samples. It indicates a higher
sorption capacity of Ficus carica charcoal in natural condition without any impregnation. Between
impregnated samples, Fig. 8 (b) showed some presence of Cr but in Fig. 8 (d) it was untraceable.

4 Conclusion

This study shows that without chemical impregnation Ficus carica charcoal has better trivalent
chromium removal efficiency (98.9%). Although potassium hydroxide impregnated charcoal
provided upright efficiency (98.8%), the higher chemical cost reduces its potentiality. The
examination indicates that it was an effective method to reduce pollution load especially trivalent chromium
from the spent chrome liquor. Preparation of natural Ficus carica charcoal is easy and inexpensive. It
could be simply applied industrially for chromium removal from wastewater with some further
investigation on cost analysis and input-output ratio.
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