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Abstract: Tendu leaf biomass, a waste from local bidi industry was chemically treated to obtain an activated
carbon and tested for its ability to remove hexavalent chromium from aqueous solution. The new activated
carbon was prepared by treating tendu waste with glutaraldehyde. It was characterized by scanning electron
microscopy, porosimetry and BET surface analyses and other physico-chemical methods. Its ability to remove
chromium from aqueous solution was tested and compared with commercial activated carbon. Adsorption
parameters, kinetics and isotherm studied in batch experiments showed that the new carbon has maximum
adsorption  capacity  for  chromium  as  108.34  mg  g ,  while  commercial  carbon  has  that of 113.9 mg g .1 1

The  adsorption  process  followed  pseudo-first  order  rate  kinetics  and  fits  well  with  Langmuir  isotherm.
The newly developed carbon from tendu waste offers viable alternative for commercial activated carbon and
removal of toxic chromium from aqueous solution is a promising eco-friendly technique. 
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INTRODUCTION production, electro-plating, leather tanning, nuclear power

Environmental and economic concerns for anodising of aluminium, water-cooling and chromate
sustainable society have motivated research to renewable preparation. Hexavalent chromium (Cr VI) is of particular
resource exploitation. Biodegradable lignocellulosic concern because of its great toxicity [5]. Some of the
biomass represents a most unused renewable resource. available conventional processes used to remove
Activated carbon has been the popular and widely used chromium in this oxidation form are: (a) reduction to
adsorbent in wastewater treatment throughout the world. trivalent chromium followed by precipitation as chromium
However, activated carbon has remained an expensive hydroxide, (b) removal by ion exchange and (c) removal
and non-renewable material hence research interest into by adsorption. Removal of chromium by activated carbon
alternative adsorbents to replace the costly activated developed from agricultural waste has been extensively
carbon is more intensified in recent years. Attention has reviewed [6]. The commercially available activated carbon
been focused on the various adsorbents from agricultural is effective for the removal of various heavy metal ions.
waste and agro-industrial by-products, which have metal- However, due to prohibitive cost their use is limited in
binding capacities and are able to remove unwanted developing countries like India. So there is a need to
heavy metals from contaminated water at low cost [1, 2]. develop low cost and easily available adsorbents for the
Some of the agricultural materials in its native form can be removal of heavy metal ions from the aqueous
effectively used as a low-cost biosorbent while environment.
modification of lignocellulosic waste could enhance their The home industry of bidi making in India, produces
natural adsorption capacity and add value to the waste- cuttings of tendu (Diospyros melanoxylon) leaves as
product [3]. refuse which pollutes the dumping sites creating solid

The pollution caused by heavy metals in wastewater waste disposal problem of alarming scale [7]. The aim for
has always been a very serious problem because these this research was to develop inexpensive and effective
elements are not biodegradable and can accumulate in adsorbents from plentiful resources of tendu waste
living tissues [4]. Chromium is widely used in various biomass and to offer an alternative for existing commercial
important industrial applications including steel materials. The potential of chemically treated tendu waste

production, textile industries, wood preservation,
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as an adsorbent was examined for the removal of dichromate  (K Cr O ) in  double  distilled water. The
chromium from aqueous solution. The adsorption batch adsorption  experiments  were performed on a
parameters were compared with that of commercial rotary shaker using  150  ml conical flasks  at  constant
activated carbon. conductions.  The  effect  of  initial  pH  (1-9)  and  initial

MATERIALS AND METHODS kinetics was investigated. To study the effect of the total

Adsorbent Preparation: The tendu leaf waste was the isotherms, initial metal concentration was varied
collected  from  the  dumping  sites  near  bidi  industries within the range 10-500 mg per L and pH values were
in the town of Solapur, India, were cut in to small pieces adjusted  at pH 2.0 for TLR-Glut and PAC experiments.
of  about 4-5  mm,  thoroughly  washed  with  distilled The pH was adjusted using dilute hydrochloric acid or
water to remove  all  dirt,  dried  at  80  °C  till  constant sodium  hydroxide  solutions.  All the chemicals used
weight.  The  dried  tendu  leaf refuse (TLR) were were of analytical reagent grade and were obtained from
powdered  and  sieved  with  an  80-mesh  sieve  and Merck. After studying of kinetic and equilibrium time,
stored in dessicator until used. Powdered activated solid particles  of  adsorbent  were removed by filtration
carbon (PAC) obtained from Merck was used as through a 0.45-mm cellulose filter paper. And chromium
commercial adsorbent. concentration in filtrate as well as in the initial solution

Chemical Modification Methods: Ten modification diphenylcarbazide at 540 nm [9]. The amount of metal
methods listed in Table 1 were used. One gram of raw removed by the biomass was calculated by a mass
tendu refuse (TLR) was reacted with 100-mL various balance. The detection limit of this method was 0.02 mg/L
chemical solutions, separately for 24 h. The resultant in this study.
modified tendu biomass were then filtered from the
mixture, washed with distilled water till neutral pH and Desorption Experiments: The chromium laden TLR-Glut
dried in an oven overnight at 80°C. The adsorbents thus was soaked  in  50ml  of  0.1  N HNO3 at 30°C for 48 h.
prepared were powdered and sieved. An average particle The amount of Cr (VI) in the eluate was determined by
size of 0.074 mm was used for the adsorption studies. spectroscopic method.
Chemically modified carbon from tendu leaf waste using
glutaraldehyde (TLT-Glut) was selected for further study RESULTS AND DISCUSSION
after screening for chromium removal.

Analytical Methods: Physicochemical analysis of TLR TLR were carried out using ten different mild treatments
and TLR-Glut for, ash, bulk density, iodine number, cation and chromium removal by each of them was studied as
exchange capacity was determined using standard shown in Table 1. 
methods described by Chapman and Pratt [8] and APHA Treatment of tendu waste with 10% glutaraldehyde
[9].  The   Brunauer-Emmeff-Teller  (BET)  surface  area presented with maximum chromium removal, comparable
and pore volume was determined by nitrogen gas with commercial powdered activated carbon, hence it was
adsorption-desorption using Sorptomatic-1990 further taken up for detail investigations as an adsorbent.
(ThermoQuest corporation, Italy). Scanning electron The  characteristics  of  TLR-Glut  are  summarized in
microscopy  (SEM)  analysis  of  biosorbents  was Table 2.
performed with an Environmental Scanning Electron The scanning electron micrograph revealed the
Microscope (Zeiss EVO-50, Germany), at Indian Institute surface texture and morphology of the biosorbents. In
of Technology, New Delhi. All spectrophotometric Figure 1-a, TLR at 10,000X magnification shows uneven
measurements were made with Shimadzu UV-visible surface textures of irregular formats. It shows original
spectrophotometer. All experiments were carried out in pores of the tendu leaves. The representative scanning
triplicate with respect to each condition and mean values electron micrograph of TLR-Glut is shown in Figure 1-b.
were used for further calculations. It reveals uniform surface structure with numerous

Absorption Studies: A stock solution of chromium was micrometer. Increase in meso and micro-pores during
prepared by dissolving a known quantity of potassium carbonization of raw TLR is also evident in Figure 1b.

2 2 7

Cr (VI) concentrations   (50-300   mg/l)   on   adsorption

concentration  of  Cr (VI) on metal uptake and to obtain

was determined by spectrophotometric method, using

Chemical  Modifications:  Chemical  modifications of

spherical pores of diameter ranging from 0.5 to 4.8
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Table1: List of Modification Methods and percent Chromium removal

Method No. Chemical modifier used Percent Cr Removal

A 0.1 M NaOH 44
B 0.1 M HCl 51.3
C 0.1 M HCl + 0.1 M CaCl2 42.8
D 0.1 HCl + 10 % formaldehyde 75.4
E 0.1 M CaCl2 40
F 0.5 % formaldehyde 59.6
G 10 % formaldehyde 62.8
H 0.5 % glutaraldehyde 77
I 10 % glutaraldehyde 97.2
J 1 % Hydrogen peroxide 41.6
K Unmodified native tendu waste 38
L Powdered Activated Carbon (Commercial.) 98.8

Table 2: Characteristics of TLR-Glut

S. No Characteristics Result

1. Moisture (%) 4.65
2. Ash (%) 5.12
3. pH (5% solution) 6.85
4. Matter soluble in water (%) 1.05
5. Matter soluble in acid (%) 3.4
6. Electrical conductivity (mS/cm) 0.562
7. Bulk density (gm/mL) 0.474
8. BET Surface area (m2/gm) 395
9. Pore volume (mL/gm) 0.15
10. Cation exchange capacity (meq/gm) 1.14
11. Iodine number (mg/gm) 128
12. Methylene blue number (mg/gm) 153

Effect of pH: pH is the major important parameter
controlling the chromium sorption process. To study the
influence of this parameter on chromium sorption by the
biomaterials under study, pH was varied from 1.0-98.0 pH
units. In Fig. 1, the adsorption amount of Cr (VI) was
higher at lower pH (pH  3) and the removal percentage
made up to 96.8 %. With the pH increased, the removal of
chromium decreased and was unaffected at pH 4-6, but
decreased again at a pH above 6. The increase of Cr (VI)
sorption at acidic pH should be due to the electrostatic
attraction between positively charged groups of
biomaterial surface and the HCrO -anion, which is the4

dominant species at low pH. Also at low pH, there is
presence of a large number of H+ ions, which in turn
neutralize the negatively charged adsorbent surface
thereby reducing hindrance to the diffusion of dichromate
ions [10].

Moreover, the decrease of the sorption with
increasing pH could be due to the decrease of
electrostatic attraction and to the competitiveness
between the chromium anionic species (HCrO  and CrO4 )4 2

and OH ions in the bulk for the adsorption on active sites
of the adsorbent suggestive of physical adsorption [10].

(a)

(b)

Fig. 1: Scanning    electron      microscopy     (SEM)
photograph of: (a) TLR and (b) TLR-Glut

Fig. 2: Effect of pH on removal efficiency

Effect of Adsorbent Dose: The percentage removal of
chromium increased with the increase in adsorbent
dosage. This can be attributed to increased adsorbent
surface area and availability of more adsorption sites
resulting from the increase adsorbent dosage. But amount
of chromium adsorbed per unit mass of TLR-Glut
decreased with increase in TLR-Glut dosage (Fig. 3). 

Aggregation and/or agglomeration of adsorbent
particles could prevent the adsorption process in the
presence  of  higher  adsorbent amounts. The decrease in
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Fig. 3: Effect of adsorbent dose 

Fig. 4: Effect of contact time 

unit adsorption with increasing dose of adsorbent is
basically due to adsorption sites that remain unsaturated
during the adsorption reaction. As a result, a more
economical removal of a given amount of chromium can
be carried out using small batches of adsorbent rather
than in a single batch.

Effect  of   Contact   Time   and   Adsorption   Kinetics:
The  experiment  of  adsorption  as   a   function of
contact time was  conducted  at  initial  chromium
concentration    of   125   ppm   and   TLR-Glut   dose  of
0.5  g/100 ml.  Maximum  Cr  removal  was  observed
within  first  2  h  (Fig.  4).  These  results also indicated
that up to 90% of the total amount of chromium uptake
was found to occur in the first rapid phase (60min) and
thereafter  the  sorption  rate  was  found  to  decrease.
The  higher  sorption  rate  at  the initial period may be due
to an increased number of vacant sites on the adsorbent
available at the initial stage. As the surface adsorption
sites   become   exhausted,   the   uptake   rate is
controlled by the rate at which the adsorbate is
transported from the exterior to the interior sites of the
adsorbent particles [11].

Table 3: Isotherm values
Langmuir
Freundlich K  (mg/g) Q  (mg/g) R K 1/n RL max F

2 2

TLR-Glut 528.5 108.34 0.996 4.50 0.794 0.925
PAC 4667.8 113.9 0.999 302 1.225 0.992

Table 4: Adsorptive capacities of some adsorbents from agro-industrial
waste for Cr (VI)

Adsorption capacity
Adsorbent Q  (mg/g) Referencemax

Guava leaves 218.4 [12]
Coir Pith carbon 197.23 [13]
Hazelnut shell 170.0 [14]
Activated carbon (commercial) 113.9 Present study
Tendu waste (Glutaraldehyde treated) 108.34 Present study
Coconut shell carbon 107.1 [15]
Wood activated carbon 87.6 [15]
Sunflower stem 81.7 [16]
Coconut coir pith (surfactant modified) 76.3 [17]
Rubber wood 65.78 [18]
Cassava waste 61.79 [[19]
Tea Factory waste 54.65 [20]

Kinetics of adsorption describes the solute uptake
rate which in turn governs the residence time of
adsorption reaction. It is one of the important
characteristics in defining the efficiency of adsorption.
The kinetic data followed pseudo-first order reaction
fitting well in Lagergren plot (Fig.5), with a regression
coefficient of 0.972. 

Adsorption Isotherm: Adsorption isotherms, which are
the presentation of the amount of solute adsorbed per
unit of adsorbent, as a function of equilibrium
concentration in bulk solution at constant temperature,
were  studied. The equilibrium data were obtained for
TLR-Glut and PAC (commercial powdered activated
carbon) at 27oC, pH 2 and equilibrium time of 18 h. The
adsorbent dosage vas varied in the  range  of  1-10  g/L.
Fig 6 shows the Langmuir isotherm of chromium
adsorption  by  TLR-Glut  with  a  regression  coefficient
of 0.999.

The  maximum  adsorption  capacity  (Qmax)  was
found to be 108.34 mg/g for TLR-glut which was quite
comparable with commercial activated carbon which
showed it to be 113.9 mg/g. Isotherm values of Langmiur
and Freundlich isotherms are shown in Table 3.

These values are comparable with that of several
published literature reported for various biosorbents
prepared from agro-industrial lingo-cellulosic wastes as
compiled  in  Table  4.  Very  high  adsorption capacity for
chromium, comparable to commercial activated carbon
was observed with biosorbents prepared from biomass of
woody nature [12-14]. 
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Fig. 5: First order kinetis pollutant form aqueous solution, which may result in the

Fig. 6: Langmuir isotherm removal from water and wastewater: A review.

Desorption  Studies:  Desorption  experiments  were 3. Laufenberg, G., B. Kunz and M. Nystroem, 2003.
carried  out  using  0.1  N  HNO3.  In a strong acidic Transformation of vegetable waste into value added
medium,   only    17.5%    of    Cr    adsorbed    could   be products: (A) the upgrading concept; (B) practical
recovered  by  soaking  in  dilute  nitric  acid  for   48  h. implementations. Bioresource Technol., 87: 167-198.
The Cr adsorption is generally of irreversible nature, 4. US Department of Health and Human Services,
owing to strong interaction of bichromate ion with the Toxicological Profile for Chromium, 1991. Public
surface functional groups of the tendu biomass. Strong Health Services Agency for Toxic substances and
bond between adsorbate and adsorbent does not make Diseases Registry, Washington, D.C. 
the regeneration of the exhausted carbon economically 5. Agency for Toxic Substances and Disease Registry
viable. However, the adsorbed Cr can be affordably (ATSDR), 1993. Toxicological Profile for Chromium.
recovered by burning the tendu biomass which is a U.S. Public Health Service, U.S. Department of Health
renewable resource. and Human Services, Altanta, GA.

CONCLUSION carbons and low cost adsorbents for remediation of.

Tendu leaves refuse a waste product from local bidi Materials, B., 137: 762-811.
industry, was converted into an efficient biosorbent by 7. Nagda, G.K., V.S. Ghole and A.M. Diwan, 2006.
mild treatment with glutaraldehyde and used for the Tendu leaves refuse as a Biosorbent for COD
removal of Chromium from aqueous solution. Adsorption removal from Molasses Fermentation based Bulk
of chromium is found to be effective in the lower pH range Drug Industry Effluent. J. Appl. Sci. Environ.
and follows first order reaction kinetics. The Langmuir Management, 10: 15-20.
isotherm fits the data better than the Freundlich 8. Chapman, H.D. and P.F. Pratt, 1961. Methods of
isotherms.  The  adsorption  capacity was comparable analysis for soils, plants and waters. Agricultural
with values found in literature for various adsorbent from Sciences Publications, University of California,
agricultural waste and quite comparable with commercial Berkeley.

carbon. Further, most metal sorption reported in literature
is based on algal and fungal biomass, which must be
cultured, collected from their natural habitats and pre-
processed, if available as discards and transported under
special conditions, thus introducing the factor of
additional costs. In contrast, easy availability and
suitability for the production of activated carbon from
tendu waste makes it one of the biomass wastes that can
be effectively utilized for removal of chromium from waste
waters. An aspect, which earns attention, is valorization
of a solid waste, a disposal menace, to remove hazardous

reduced cost of wastewater treatment and saving of fossil
reserves.
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