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Abstract

In this study, the abatement of phenol from water was determined by processed crab eye surface modified adsorbent (Indian plant:
Abrus precatorios) as a source material. Removal of phenol from surface modified adsorbent was operated in intermittent process.
Reduction of phenol depends upon different operational conditions such as pH of the solution, adsorbent load, concentration of
phenol and period interaction for sorption. It was observed that maximum pH 8 and dilution 0.45 g/L were favourable for the
removal of phenol from water. Application of kinetics studies showed that pseudo-second order fitted excellently with the data of
phenol removal. Data trend shows removal of phenol was fitted best with Langmuir isotherm model as compared to Freundlich
model. The change in enthalpy revealed phenol adsorption by the crab eye activated carbon was an exothermic process.
Keywords: Crab eye activated carbon; Adsorption; Isothermal parameters; kinetics; mass transfer.

1. Introduction 2022), zirconium oxychloride (Bhan and Singh, 2022),
Credit of phenols in water system is received from many sources  potassium hydroxide (Sriramoju et al., 2020), pyromellitic
(Ahmaruzzaman, 2008). Phenol is catalogued serious pollutants  dianhydride (Yu et al., 2010) and HNOj3 (Ranasinghe et al.,
due to their obnoxious nature (Kilic et al., 2011). Phenol 2018). Crab eye surface modified adsorbent can be used in the
discharge into water body have adversely affect the environment  treatment of wastewater and agricultural remnant, industrial
and ecology (Radhika and Palanivelu, 2006). They have bio- waste, sludge, slag and other residues were used as economically
accumulative and toxic effect causing irritation, liver disorders, convenient material (Mubarik et al., 2012).

damage to central nervous system and can lead to death in 1. Materials and methods

humans, also they mutations and cancer (Rawat et al., 2021). 2.1 Preparation of surface modified adsorbent from crab
Regulating and controlling act of international organization set eye seeds

the discharging limit of phenol in wastewater bodies (WHO,  After processing of crab eye modified adsorbent bigger
1996), physical, chemical and biochemical treatment of attention on high uptake capacity, cost, carbon content and utility
contaminated water (Kumar et al., 2011). Deterioration of are basic criteria (Rodriguez-Reinoso, 1997). Raw material was
wastewater by various pollutants can be reduced by the use of collected from National Institute of Technology Rourkela, India.
surface modified adsorbents. This technique is still considered Before treating crab eye washing was done in water and then
as alternative to the conventional wastewater treatment crab eye was charred (Fig. 1b) at 623 K for 120 min. Amending
technologies due to several reasons (Mohanty et al., 2005; Wang the properties of crab eye surface modified adsorbent was
etal., 2007; Lin and Juang, 2009). A number of adsorbents were  retreated with sodium hydroxide charred. Crab eye was cleaned
derived from the wastes biomasses have been reported for the  with double distilled water dried in oven at 105 °C for 10 h, after
removal of phenol from water such as activated carbon prepared that it was preserve. Modified activated charred was named as
using aerial roots of banyan tree (Nirmala et al., 2019), guava crab eye surface modified adsorbent (CESMA). The
tree bark (Mandal et al., 2020), pod shells of Acacia tortilis characterization of crab eye surface modified adsorbent was
(Malakootian et al., 2018), cork bio-adsorbent (Mallek et al., done using standard methods (ISI. 1989; Eaton et al., 2005;
2018), powder of pine cones (Kumar et al., 2018) and palm oil  Vogel, 1969).

shells biosorbent (Sahu et al., 2021). There are so many lacunae ) )

to use surface modified material as adsorbents (Ahmaruzzaman, 2:2 Preparing of stock solutions

2008; Babel and Kurniawan, 2003; Kalderis et al., 2008; Tan et 1 he standard stock solution was prepared by dissolving 1g of
al., 2009; Streat et al., 1995). phenol in 1L distilled water. Required dilutions were done from

The surface modifications of adsorbents have been done by standard stock solution. Further study was performed with the

different methods including modification using different Prepared standard stock solution.
chemicals like iron chloride (Cui et al., 2019; Verma and Singh,
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(a) Raw crab eye

(b) Charred carb eye

Fig. 1. Photograph of (a) raw crab eye and (b) charred
crab eye

2.3 Surface characterization of crab eye activated
adsorbent
The surface of materials remains neutral at particular pH
(pHrzc), and it possess negative surface charge, when pH of the
surrounding solution is more than the value of pHezc; however,
possess positive surface charge at pH less than the value of pHpzc
(Liu et al., 2012; Dabrowski et al., 2005; Yanhui et al., 2012).
The pHezc of crab eye surface modified adsorbent (6.30) was
determined as per the method presented by Saeed et al. (2009).
Acidic and basic surface characterizing was done by Boehm
titration method (Boehm, 2002).
2.4 Adsorption studies
Uptake capacity of phenol was determined by the Eq. 1.
_ %R X C, )
dpn = 100 x m (€Y

Co represents the dilution factor of phenol, m represents the mass
of crab eye activated surface modified material and R represents
the removal percentage of phenol, it was determined between
time intervals of 25 to 350 min surface modified crab eye was
utilized from 0.20 to 6.1 g/L for the determination of optimum
concentration of the adsorbent required. The pH study for phenol
adsorption was carried out in the range of 2 to 12. The particular
pH is set by adding hydrogen chloride and sodium hydroxide.
Thermal effect of reduction of phenol was done in the range of
308-338K.

2. Results and discussion

3.1 Effect of Crab Eye surface modified adsorbent dosage
To find out the maximum dose of crab eye surface modified
adsorbent, the dosage was taken 0.20 to 6.0 g/L and
concentration of phenol was 100 mg/L (Fig. 2). The adsorption
capacity was observed decreasing as the quantity of adsorbing
materials was increased. The point where two curves cutting
each other was determined as the optimum dose, maximum
removal was found at highest dose 0.6 g/l. Above meeting point,
there is a decreasing trend in removal of phenol due to limited
availability of binding site. Surface modified adsorbent
processed from various raw materials reported in other studies
(Kilic et al., 2011; Tan et al., 2009; Dutta et al., 2001).

3.2 Effect of operating pH

The pH is an important parameter and plays paramount role in
the eradication of pollutants from the wastewater. Removal of
phenol by surface modified adsorbent (0.5 g/L) was examined
from 2 to 12 range of pH as shown in Fig. 3. The removal of
phenol at pH < 8 was maximum and became constant. An
increase in pH > 8, removal of phenol was decreased
significantly.
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Fig. 2. Differing amount of crab eye surface modified
adsorbent in for phenol adsorption (initial phenol
concentration=100 mg/L, operating pH=6, operating
temperature=308 K, contact time—g 50 h)

The decrease in removal of phenol with an increasing pH is
dependent of the pHzpc of the adsorbent. The modified crab eye
adsorbent surface becomes negatively charged at higher pH.
Interaction of negative surface and ionic phenol molecule
adsorption of phenol got reduced (Nadavala et al., 2009; Kumar
and Min, 2011; Altenor et al., 2009). Hence, pH 8 was found
ideal pH to removal of phenol using surface modified crab eye
adsorbent.
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Fig. 3. Effect of operating pH on the phenol uptake capacity
and its equilibrium (initial phenol concentration=100 mg/L,
adsorbent dose=0.5 g/L, operating temperature=308 K,
contact time=5.30 h)

3.2 Effect of interaction time

To ascertain interaction time for maximum uptake capacity onto
crab eye surface modified adsorbent. Experiments were run at
different time intervals from 30 min to 360 min at pH 8 using 0.5
g/L adsorbent concentration and 100 mg/L concentration of
phenol (Fig. 4). Uptake capacity of crab eye surface modified
adsorbent was initially very zips, it was observed that ~30 mg/g
removal occurred in the initial 30 min. After that, removal rate
slowed down. This is occurs due to the covering of remaining
surface sites by phenol molecules. The equilibrium point was
obtained at 120 min resulting in removal of phenol ~42 mg/g,
which denotes the available surface sites saturation. Therefore,
120 min was observed to be the ideal contact time to remove of
phenol crab eye surface modified adsorbent.

3.4 Diffusion Study
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The removal rate can be limited by pollutant diffusion through
pores or surface or by the diffusion through external liquid
boundary layer i.e., film diffusion.
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Fig. 4. Interaction and reduction of phenol onto CESMA
(initial phenol concentration=100 mg/L, adsorbent dose=0.9
g/L, operating temperature=308 K, pH:8)

The kinetic data of phenol adsorption attained in the this study
was analyzed by application of model proposed by Boyd et al.

(1947)

F=1-(6/=*pp(-B) @

and F(t) = It 3

e

g:and ge are the uptake capacity (mg/g)at different time intervals
and at equilibrium time. F(t) represents the fractional amount of
adsorbed phenol and Bt represents the F(t) function.

Substitution of eq. 1 in eq. 2, results in a simplified equation Eq

(4:
B, =—-0.4977-In(1-F) ()

As the Fig. 6 shows the straight lines of the linear fits in the graph
plotted between B; and t do not pass through origin which
indicates that removal of phenol using CESMA was primarily
occurred by the process of mass transfer where particle diffusion
was rate limiting step (Kalavathy et al., 2005).
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Fig. 5. Boyd graph for the removal of phenol by CESMA
(initial phenol concentration=60-160 mg/L, adsorbent

dose=0.5 g/L, operating temperature=308 K, contact time=2
h, pH=8)

The values of Bt were determined the diffusivity, De (cm?/s)

using Kumar et al. (2006):

n’ D,
2 (®)

The particle radius was calculated through sieve analysis. The
coefficient of diffusion D. was calculated by Eq. (4) for the
phenol concentration from 60 to 160 mg/L. The average De value
was observed to be 5.84 x 10-*3 m?/s for the adsorption of phenol
onto crab eye surface modified adsorbent.

Following equation are used to determine the mass
transfer coefficient:

|n{&_L} _ |n[ PK }{“ IDK}Kl.Sv.t 6)
C, 1l+pK 1+ pK pK

0

B=

Sy = 6w

dp,(1-¢,)
Where, the initial concentration of phenol (mg/L) and phenol
concentration after different time intervals are represented by Co

and Ct respectively, p (g/L) corresponds to the mass removal K

()

(L/g) constant for Langmuir isotherm, (3, (Cm/s) corresponds to

the coefficient of mass transfer and SV (L/cm) corresponds to
the sites available on surface of adsorbent per unit volume.
Tending to zero the mass transfer is controlling. A plot of

|n[(Ct/C0) -(1/(2+ mK))]versus t results in a straight line
(Fig.7) gives the plot for mass transfer.
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Fig. 6. Mass transfer graph, reducing phenol onto CESMA
(initial phenol concentration=100 mg/L, adsorbent dose=0.5
g/L, contact time=p p pH=8)

B1 values have been find out through various intercept line at
Co=100 mg/L, consequently values at various temperature 308,
318, 328 K were found to be 1.02x107, 483x107" 0.316x107
cm/s. Phenol transfer from liquid to surface modified adsorbent
is appreciable . The coefficient of mass transfer has been

reported (Mondal et al., 2010).

3.5 Equilibrium studies of phenol removal onto crab eye
surface modified adsorbent

Freundlich, Langmuir, Redlich-Peterson and Tempkin isotherms

goodness were tested (shown in Fig. 7) with varying temperature

of 313-343K. The non-linear regression coefficient for

140
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Langmuir isotherm was found highest among all the isotherms.
After calculation of n value it was found that it is less than one.
Prove the fitness of Langmuir isotherm.
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Fig. 7. Equilibrium isotherms plot for phenol removal using
CESMA (initial phenol concentration=60-160 mg/L,
adsorbent dose=0.45 g/L, operating temperature=308 K,
contact time=p p pH=8)

3.6 Calculation of Thermodynamic Properties
Thermodynamics properties (AH°), (AG®), and entropy (

AS®) were calculated (Table 1) for the removal of phenol onto
crab eye surface modified adsorbent by using standard equations
(Parfitt and Rochester, 1983; Jain et al., 2004). The values of

AG® negative at varying temperatures indicating removal are

favorable (Jain et al., 2004; Roig et al., 1993). Enthalpy (AH °
) shows that reduction of phenol is exothermic in nature
(Longhinotti et al., 1998).

Table 1 Thermodynamic properties of phenol removal onto
crab eye surface modified adsorbent (Co=60-160mg/I, t=2h,
m= 0.5g/l PHo=8)

Altenor, S., Carene, B., Emmanuel, E., Lambert, J., Ehrhardt, J-
J. S. 2009. Adsorption studies of methylene blue and
phenol onto vetiver roots activated carbon prepared by
chemical activation. J. Hazard. Mater. 1651029-1039.

Babel, S., Kurniawan, T. A. 2003. Low cost adsorbent for heavy
metals uptake from contaminated water: A review.
J. Hazard. Mater. 97 219-243.

Bhan, C., Singh, J. 2022. Fabrication of an adsorbent from Ficus
racemosa leaf biomass for fluoride removal and its
preparation cost analysis. J. Appl. Sci. Innov. Technol.
1(1), 1-5.

Boehm, H.P. 2002. Surface oxides on carbon and their analysis:
a critical assessment. Carbon 40, 40145-149.

Boyd, G.E., Adamson, A.E., Meyers, L.S., 1947. The exchange
of adsorption ions from aqueous solutions by organic
zeolites 11 kinetics. J. Am. Chem. Soc. 69, 2836-2848.

Cui, Y., Masud, A., Aich, N., Atkinson, J.D. 2019. Phenol and
Cr (VI) removal using materials derived from harmful
algal bloom biomass: Characterization and performance
assessment for a biosorbent, a porous carbon, and Fe/C
composites. J. Hazard. Mater. 368, 477-486.

Dabrowski, A., Podkoscielny, P., Hubicki, Z., Barczak. M. 2005.
Adsorption of phenolic compounds by activated
carbon—a critical review. Chemosphere. 58, 1049-1070.

Dutta, S., Basu, J.K., Ghar, R.N. 2001. Studies on adsorption of
p-nitrophenol on charred saw-dust.
Sep. Purif. Technol. 21, 227-235.

Eaton, A.D., Clesceri, L.S., Greenberg, A.E. 2005. Standard
methods for the examination of water and wastewater
21st ed., Washington, DC, USA: APHA .

ISI. 1989. Activated carbon, powdered and granular-methods of
sampling and tests” IS 877. New Delhi: Bureau of Indian
Standards.

Jain, A.K., Gupta, V.K., Jain, S, Suhas 2004. Removal of
chlorophenols using industrial wastes. Environ. Sci.
Technol. 38, 1195-1200.

Kalavathy, M.H., Karthikeyan, T., Rajgopal, S, Miranda, L.R.
2005. Kinetic and isotherm studies of Cu (I1) adsorption
onto H3PO4-activated rubber wood sawdust. J. Colloid
Interface Sci. 292, 354-362.

Kalderis, D., Koutoulakis, D., Paraskeva, P., Diamadopoulos, E.,
Otal, E., Olivares del Valle J, Fernandez-periera. 2008.

Adsorption of polluting substances on activated carbons
prepared from rice husk and  sugarcane
bagasse. Chem. Eng. J. 144, 42-50.

Kilic, M., Varol, E.A.M., Putun, A.E. 2011. Adsorptive removal
of phenol from aqueous solution on activated carbon
prepared from tobacco residues equilibrium, Kinetics,
and thermodynamics. J. Hazard. Mater. 189, 397-403.

Kumar, K.V., Ramamurthi, V., Sivanesan, S. 2006. Biosorption
of malachite green, a cationic dye onto Pithophora sp.,
fresh water algae. Dyes Pigm. 69, 102-107.

Kumar, N.S., Min, K. 2011. Phenolic compounds biosorption
onto Schizophyllum commune fungus: FTIR analysis,
kinetics and adsorption isotherms  modeling.
Chem. Eng. J. 168, 562-571.

Kumar, N.S., Asif, M. Al-Hazzaa, M.l. 2018. Adsorptive
removal of phenolic compounds from aqueous solutions

C, AH® AS° AG° (kd/Mol K)
(mgLl) (kI/Mol) " (k3/Mol.K)
308 318 328 338
K K K K
50 -8.78 32.27 - - - -
185 188 21.1 223
6 5 3 3
75 -12.37 18.65 - - - -
180 181 185 185
4 3 8 0
100 -14.75 19.33 - - - -
170 172 184 187
5 3 7 0
125 -12.83 21.11 - - - -
19.. 197 182 172
48 9 1 0
150 -8.29 29.45 - - - -
178 192 174 187
4 8 4 9
References

Ahmaruzzaman, Md. 2008. Adsorption of phenolic compounds
on low-cost adsorbents: A review. Adv. Colloid
Interface Sci. 143, 48-67.

30

using pine cone biomass: Kinetics and equilibrium
studies. Environ. Sci. Pollut. Res. 25, 21949-21960.
https://doi.org/10.1007/s11356-018-2315-5



https://doi.org/10.1007/s11356-018-2315-5

J. Appl. Sci. Innov. Technol. 1 (2), 27-31

Yadav et al., 2022

Kumar, S., Zafar, M., Prajapati, J. K., Kumar, S., Kannepalli, S.
2011. Modeling  studies on simultaneous adsorption
of phenol and resorcinol onto granular activated carbon
from simulated aqueous solution. J. Hazard. Mater.
185287-294.

Lin, S-H., Juang, R-S. 2009. Adsorption of phenol and its
derivatives from water using synthetic resins and low-
cost natural adsorbents a review. J. Environ. Manage. 90,
1336-1349.

Liu, T, Li, Y. H., Du, Q., Sun, J., Jiao. Y., Yang, G., Wang, Z.,
Xia, Y., Zhang., Zhang, W., Wang, K., Zhu, H., Wu, D.
2012. Adsorption of methylene blue from aqueous
solution by grapheme. Colloids Surf. B. 90, 197-203.

Longhinotti, E., Pozza, F.L., Sanchez, M.N., Klug, M.,
Laranjeira, M.C.M., Favere, V.T., 1998. Adsorption of
anionic  dyes on the  biopolymer chitin.
J. Braz. Chem. Soc. 9, 435.

Malakootian, M., Mahvi, A.H., Mansoorian, H.J., Khanjani, N.
2018. Agrowaste based ecofriendly bio-adsorbent for the
removal of phenol: adsorption and kinetic study by
acacia tortilis pod shell. Chiang Mai J. Sci. 45(1), 355-
368.

Mallek, M., Chtourou, M., Portillo, M., Monclus, H., Walha, K.,
ben Salah, A., Salvado, V. 2018. Granulated cork as
biosorbent for the removal of phenol derivatives and
emerging contaminants. J. Environ. Manage. 223, 576-
585.

Mandal, A., Mukhopadhyay,P., Dass, S.K.,2020. Adsorptive
removal of phenol from wastewater using guava tree
bark. Environ. Sci. Pollut. Res. 23937-949.

Mohanty, K., Das, D., Biswas, M.N. 2005.Adsorption of phenol
from aqueous solutions using activated carbons prepared
from Tectona grandis sawdust by ZnCl, activation.
Chem. Eng. J. 115, 121-131.

Mondal, M.K., Singh, S., Umareddy, M., Dasgupta, B. 2010.
Removal of Orange G From aqueous solution by
hematite: Isotherm and mass transfer studies. Korean J.
Chem. Eng. 27, 1811-1815.

Mubarik, S., Saeed, A., Mehmood, Z., Igbal, M. 2012. Phenol
adsorption by charred sawdust of sheesham (Indian
rosewood; Dalbergia sissoo) from single, binary and
ternary contaminated solutions. J. Taiwan. Inst. Chem.
Eng. 43, 926-933.

Nadavala, S.K., Swayampakula, K., Boddu, V.M., Abburi, K.
2009. Biosorption of phenol and o-chlorophenol from
aqueous solutions on to chitosan calcium alginate
blended beads. J. Hazard. Mater. 162, 482-489.

Nirmala, G., Murugesan, T., Rambabu, K., Sathiyanarayanan,
K., Show, P.L. 2021. Adsorptive removal of phenol
using banyan root activated carbon. Chem. Eng.
Commun. 208(6), 831-842.

Parfitt, G.D., Rochester C.H., 1983. Adsorption from Solution at
the Solid/Liquid Interface. Academic Press, Orlando.

Radhika, M., Palanivelu, K. 2006. Adsorptive removal of
chlorophenols from aqueous solution by low cost
adsorbent-kinetics and isotherm analysis. J. Hazard.
Mater. 138, 116-124.

Ranasinghe, S.H., Navaratne, A.N., Priyantha, N.
2018. Enhancement of Adsorption Characteristics of
Cr(111) and Ni(ll) by Surface Modification of Jackfruit
Peel Biosorbent. J.  Environ. Chem. Eng.
$2213343718305116 . doi:10.1016/j.jece.2018.08.058

31

Rawat, S., Singh, J., Koduru, J.R. 2021. Effect of ultrasonic
waves on degradation of phenol and para-nitrophenol by
iron nanoparticles synthesized from Jatropha leaf extract.
Environ. Technol. Innov. 24, 101857

Rodriguez-Reinoso. F., 1997. Activated carbon: Structure
characterization preparation and applications” In: Marsh,
H., Heintz, E.A., Rodriguez-Reinoso, F., (Eds.),
Introduction to Carbon Technologies Chapter 2 35.

Roig, M.G., Sorption Processes, in: Kennedy, J.F., Cabral J.M.S.
(Eds.) 1993. Recovery Processes for Biological
Materials Wiley Chic ester 15 369-414.

Saeed, A.M., Igbal, W.H. Holl. 2009. Kinetics, equilibrium and
mechanism of Cd%*removal from aqueous solution by
mungbean husk. J. Hazard. Mater. 168, 1467-1475.

Sahu, J.N., Karri, R.R., Jayakumar, N.S. 2021. Improvement in
phenol adsorption capacity on eco-friendly biosorbent
derived from waste Palm-oil shells using optimized
parametric modelling of isotherms and Kinetics by
differential evolution.
Ind. Crops. Prod. 164, 113333.

Sriramoju, S., Kumar; D., Pratik S., Majumdar, S. 2020. Meso-
porous activated carbon from lignite waste and its
application in methylene blue adsorption and coke plant
effluent treatment. J. Environ. Chem. Eng. 104784
. d0i:10.1016/j.jece.2020.104784

Streat, M., Patrick, J. W., Camporro Pérez, M.J. 1995. Sorption
of phenol and para-chlorophenol from water using
conventional and  novel  activated  carbons.
Water Res. 29, 467-472.

Tan, LAW., Ahmad, A.L., Hameed. B.H., 2009. Adsorption,
isothermskinetics, thermodynamics and desorption
studies of 2,4,6-trichlorophenol on oil palm empty fruit
bunch-based activated carbon. J. Hazard. Mater. 164,
473-482.

Verma, L., Singh, J. 2022. As(l1l) removal using engineered
biochar synthesized from waste biomass of a Timber
plant refuse. J. Appl. Sci. Innov. Technol.. 1 (1), 6-9.

Vogel, A.l. 1969. A text book of quantitative inorganic analysis.
3rd ed., London: ELBS.

Wang, S.L., Tzou, Y.M., Lu,Y.H., Sheng, G. 2007. Removal of
3-chlorophenol from water using rice-straw-based
carbon. J. Hazard. Mater. 147, 313-318.

WHO. 2"( Ed.) 1996. Guidelines for drinking-water quality
WHO/SDE/WSH/0304/ 47, vol. 2, 2" (Ed), Geneva,
Switzerland: World Health Organization.

Yanhui, L., Qiuju, D., Tonghao, L., Jianku, S., Yugin, j., Yanzhi,
X., Linhua, X., Zonghua, W., Wei, Z., Kunlin, W.,
Hongwei, Z., Dehai, W. 2012. Equilibrium, kinetic and
thermodynamic studies on the adsorption of phenol onto
grapheme. Mater. Res. Bull. 47, 1898-1904.

Yu, J.-X,, Chi, R.-A. Su, X.-Z. He, Z.-Y. Qi, Y-F., Zhang, Y.-F.
2010. Desorption behavior of methylene blue on
pyromellitic dianhydride modified biosorbent by a novel
eluent: Acid TiO2 hydrosol. J. Hazard. Mater. 177(1-3),
222-227. doi:10.1016/j.jhazmat.2009.12.021

Cite this article:

Yadav, L. S., Mishra, B. K., Kumar, A., Rawat S.,
Treatment of phenolic wastewaters by mass
transfer using crab eye surface modified
adsorbent, J.Appl. Sci. Innov. Technol. 1 (2), 27-32




