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Determination of the adsorption capacity of activated carbon made from
coffee grounds by chemical activation with ZnCl2 and H3PO4
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Abstract

In order to evaluate the adsorptive capacities of granular activated carbon produced from coffee grounds by chemical activation, the
adsorption of different phenols and acid and basic dyes, has been carried out. The comparison with a commercial activated carbon has
been made. Adsorption isotherms of phenols and dyes (acid and basic) onto produced and commercial granular activated carbons were
e ata.
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xperimentally determined by batch tests. Both Freundlich[1] and Langmuir[2] models are well suited to fit the adsorption isotherm d
s a result, the coffee grounds based activated carbon may be promising for phenol and dye removal from aqueous streams.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Water pollution is a very persistent problem, the inten-
ive disposal of different toxic substances without control
onstitutes a real danger. Phenolic compounds are common
ontaminants in wastewater. They are widely used for com-
ercial production of a wide variety of resins[3]. They are
armful at low concentrations, and US Environmental Pro-

ection Agency (EPA) call for a maximum phenol content in
astewater of than 1 mg/l[4].
Effluents from dyeing and finishing processes are gener-

lly highly coloured with a large amount of suspended or-
anic solids. They are important sources of water pollution
ecause dyes in wastewater undergo chemical as well as bi-
logical changes, consume dissolved oxygen, and destroy
quatic life. Therefore, it is necessary to treat textile efflu-
nts prior to their discharge into the receiving water. The
emoval of synthetic dyes (that are carcinogens), has became

∗ Corresponding author. Tel.: +213 21 52 53 03; fax: +213 21 52 29 73.

an important aspect of textile wastewater treatment and
studies have been conducted on the toxicity of dyes and
impact on the ecosystem, as well as the environment
sues associated with the manufacture and subsequent
of dyes[5].

To remove organic pollutants and/or dyes many treatm
have been proposed, such as coagulation, sedimen
filtration, oxidation (KMnO4, H2O2, Cl2, O3), adsorption
[6–11]. Biological treatment processes are reported t
efficient in the reduction of organic pollutants concentrat
but ineffective in removing colour[12,13]. Of these method
adsorption has been found to be an efficient and econ
process, and an effective and widely employed mea
water and wastewater treatment.

Despite its prolific use in water and wastewater treatm
commercial activated carbon remains a rather expensiv
terial. This leads to a search for low cost materials a
ternative adsorbents. Among these alternatives, agricu
and/or wood wastes such as, sawdust, maize cob, co
husk fiber’s, fruit kernel, and nut shells appear to be m
economically attractive in certain countries because the
E-mail address:namaneaek@yahoo.fr (A. Namane). abundant[14–16].
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Algeria annually consumes an average of one hundred
thousand tons of coffee[17]. Aside from some unimportant
losses, all these quantities of coffee end up in the form of
coffee grounds in the discharges. Hence, the interest is to re-
cover and to develop them by transforming this material into
activated carbon for need of the water treatment processes.

The aim of this paper is to investigate the feasibil-
ity of manufacturing carbonaceous adsorbents from coffee
grounds. The goals are the reduction of the solid wastes and
the production of materials that could be usable as adsorbents
of pollutants and color substances.

2. Materials and methods

2.1. Production of activated carbon

Raw material for the preparation of activated carbon
(ACP) is produced locally (coffee grounds). Dyes (acid blue
25, C20H13N2NAO5S and basic yellow 2, C17H21N3HCl)
and other chemicals used in this study were reagent grade.

The experimental procedure used in the activation pro-
cess is as follows: the carbonaceous material is washed in a
first step with hot water to eliminate the impurities, dust and
water-soluble substances, and in second one with distilled
w
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• For a better knowledge of the nature of the mineral com-
ponents, a spectrographic analysis (spectrograph UEI No.
ICA5) and by fluorescence (Fluorescence X sequential
spectrometer, Phillips PW1480) have been done.
• To provide information on the chemical structure of the

activated carbon, a study of the surface functional groups
has been done by IR analysis (NICOLET 560 FT-IR).
• Zeta potential, which enables to quantify the electrical po-

tential of the solid particle surface, was determined with a
Micrometrics Zêta Potential Analyzer.
• The determination of acidic and basic surface functional

groups of the activated carbon has been done according to
the protocol established by Boehm et al.[20].
• The apparent density was calculated by filling a calibrated

cylinder with a given activated carbon weight and tapping
the cylinder until a minimum volume was recorded. This
density is referred as tapping or bulk density of adsorbent.
For the real density we used the pycnometer’s method,
which consisted of filling a pycnometer with the activated
carbon, then added a solvent (methanol or an other solvent)
to fill the void, at each step the weight is determined.
• The pore volume and the porosity were determined by us-

ing a volumetric method which consists in filling a cali-
brated cylinder with aV1 volume of activated carbon (mass
m1) and solvent (methanol, CCl4, Benzene) until volume
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ater, then it is oven dried for 24 h at 105◦C (MEMMERT,
IN 40050-IP20). After drying to constant weight, it unde
oes a chemical activation step with (ZnCl2 + H3PO4) as the
ctivating agent. The activated sample is obtained by pu
0 g of coffee grounds in contact with the adequate vol
f an aqueous equal-molecular solution of (ZnCl2 + H3PO4)
mol/l for 24 h in a continuous reactor. The activated s
le is subsequently oven dried at 100◦C for 1 h. The resultin
ample is then carbonized for 45 min at 600◦C in a horizonta
ylindrical furnace (Prolabo,VOLCA MC18). After cooling,
he char is washed with diluted HCl (10% by weight) in or
o eliminate the excess of dehydrating agents and the
ion of soluble ash, followed by distilled water to remo
he residual organic and mineral matter. Washing with w
asily removes most of the residues from activating ag
he completion of washing is done when the conduct
easurements become stable. It is then dried at 105◦C for
8 h. The carbon product is crushed and sieved to a un
article size (30�m) and stored in closed bottles[18].

.2. Characterization of the produced and the
ommercial activated carbons

Chemical and physical characterization of granular
ated carbon produced from coffee grounds (ACP) and
ercial activated carbon (ACC) has been made.

A measurement of specific area has been made by
gen adsorption (at 77 K), with a discontinuous volume
apparatus (Micrometrics model 2100)[19].
V2 (total massm2) is reached. Knowing the density of s
vent, porous volume and the porosity of the adsorben
easily calculated.

.3. Adsorption test

To characterize the adsorption capacity of an activ
arbon, different adsorbates are commonly used. Iodin
ethylene blue are among these and are frequently us

haracterize activated carbons used in wastewater trea
The results from these (commercial) tests like the iod

ethylene blue or phenol indices give a technical estima
he adsorption capability of a carbon but they do not pro
ny insight on the intrinsic properties of the material.

In general iodine number and the amount of methy
lue adsorbed are considered as a measure of adsorpt
ability of adsorbents for low and high molar mass solu
espectively.

The iodine number corresponding to the produced
orbent was determined according to the procedure e
ished by the Standard Test Method (ASTM D4607-86)[21].
ccording to this test:
A mass of (0.1 g) of activated carbon was placed

50 cm3 dry Erlenmeyer flask and fully wetted with 10 c3

f diluted HCl (5% by weight). 100 cm3 of iodine solution
0.1 mol/l) was poured into the flask and the mixture was
rously shaken for 30 s. After filtration, 50 cm3 were titrated
ith 0.01 mol/l sodium thiosulfate. For the determination

he amount of methylene blue, the activated carbon (1 g
dded into a 100 cm3 aqueous solution containing 0.5 g/l
ethylene blue (Merck) and stirred for 5 days at 30◦C. After
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filtration, the aqueous phase concentration of methylene blue
was determined with a UV–vis spectrophotometer (Beckman
DU-6) at wavelength of 663 nm.

The production of mesoporous carbons (with pores
>50 nm) is extremely important in the field of bulk materials
adsorption and separation. To characterize the adsorption
ability of the produced activated carbon in wastewater
treatment, adsorption tests were carried out. Two dyes (acid
blue 25 and basic yellow 2,) and phenols were chosen as
adsorbates. Phenol (C6H5OH) and di-substituted phenols
(C6H4(OH)2) (para, ortho, meta) were used to evaluate the
produced adsorbent with respect to the size of adsorbate
molecule, substitution position involving a steric effect and
a preferential uptake caused by the inductive effect of the
radicals (–OH).

We must have in mind, that in the physio-sorption, the
only attraction between the adsorbed species and the surface
arises from weak van der Waals forces. But the interaction of a
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Dyes (CI acid blue 25, and CI basic yellow 2) and phenols
were prepared and diluted to the required initial concentration
for adsorption experiments. The initial concentration was ob-
tained by measuring the optical density (OD) or absorbance
at wavelength corresponding to maximal absorbance for each
chemical reagent considered. For this purpose, a UV–vis
spectrophotometer was used (Beckman DU-6).

The maximal wavelengths were 597 nm, 406 nm for acid
blue and basic yellow, respectively, and 315, 289, 271, and
269 nm, respectively, for catechol (1, 2), hydroquinone (1,
4), phenol and resorcinol (1, 3). All the tests were repeated
with a commercial activated carbon (ACC), for the needs of
comparison.

The amount of adsorption at timet was calculated by:
qt =x/m= (C0−Ct)V/mwhereC0 (mg/l) andCt (mg/l) are the
liquid-phase concentrations initially and at timet (min),V (l)
the volume of solution andm (g) the mass of dry adsorbent.

Kinetic experiments were carried out in order to find out
the adsorption equilibrium time. The aqueous solution of dyes
or phenols was agitated at a stirring speed of 150 rpm.

At given intervals of time, samples were taken (5 cm3),
filtered and the concentrations of dyes or phenols were
spectrophotometrically determined. Each experiment was
repeated at least once. The time needed for reaching a
concentration value without further increase (equilibrium
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olecule with a given surface will also dependent upon
resence of any adsorbed species. The most common a
rogen, oxygen, nitrogen, phosphorus, and sulfur prese
eteroatoms or/and in the form of functional groups, it res

n surface, chemical heterogeneity. During the approac
he molecule towards the adsorbent surface, the molecul
gy and the electronic configuration change, including
ngular orientation, changes in the internal bond angles
hange as well as the bond lengths, the position of the m
ule to the surface and the distribution of electric charge

The presence of (OH) radicals involves a polarization
he bond (� OH), the radical phenyl� (C6H5) is donor o
lectrons by delocalization of the� bonds, whereas the gro
ydroxyl ( OH) is acceptor of electrons. There would be
lectric effect, Phenol:

� OH⇒�δ+→OHδ−, delocalization of the ele
ric charges and creation of an electric dipoleδ+,
− the electric inductive charges) and hydroquino
H � OH⇒OHδ′−→�2δ′+←OHδ′−.
The nature of the adsorbent surface directs the mole

inductive effect) and lets them to adsorb, the group (OH)
head, if it is acid, in this, case, the cross-sectional ar

he smaller one. As we mentioned it previously, the fa
imiting adsorption is the size of the molecules, the effec
olarization involves a preferential position during the me
nism of adsorption. The positions of the radicals (OH) for

he catechol (1, 2) and resorcinol (1, 3) do not benefit from
rivilege, these molecules having two radicals (OH), in the
nal approach towards the adsorbent surface, they prese
aximal cross sectional area which added to the steric e
reatly disturb the adsorption.
-

-

oncentration) needs 60 min. For isotherm determinat
xactly 100 ml of solutions of known initial concentrat
ere shaken at constant stirring speed (150 rpm) w

equired dose of ACP (or ACC) during 60 min wher
ore than 80% of the adsorption is achieved. Kin
nd equilibrium experiments were carried out at ro

emperature (25±2◦C) under batch mode.

. Results and discussion

The main physical properties of the activated carbon
isted inTable 1.

The results of spectrographic analysis indicates tha
ample contains very small quantities of copper, zinc m

able 1
ain characteristics of activated carbons

haracteristics Values

ACP ACC

eal density 1.56 1.48
pparent density 0.72 0.73
ore volume (cm3/g) 0.95 1.29
pecific surface area (m2/g) 640 950
orosity 0.48 0.64

soelectric point 5.80 4.35
urface function Weakly acid Weakly ac
H 6.35 5.70

odine number (mg/g) 440 590
ecolourisation of methylene blue (%) >90 >90
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Fig. 1. Adsorption of different phenols onto ACP with timeC0 = 20 mg/l;
T= 25◦C hydroquinol (1,4); phenol, catechol (1,2); resorcinol (1,3).

Fig. 2. Adsorption of Acid blue dye onto ACP at different concentrations,
T= 25◦C.

nesium, nickel, cobalt, chromium, molybdenum, barium and
tin (percentage by weight is in the order of 10−4 to 10−2).
Oxides of calcium, magnesium and iron, and the presence
of phosphate were detected (percentage by weight is about a
10−1).The results of the different adsorption tests are graph-
ically represented inFigs. 1–3.

Fig. 3. Adsorption of Basic yellow dye onto ACP at different concentrations,
T= 25◦C.

As can be seen, in so far as the phenols are concerned,
equilibrium times are not dependent on the nature and the
concentration of the adsorbates (Fig. 1). The quantity of so-
lute adsorbed depends on the position of the hydroxyl rad-
ical ( OH). The highest percentage corresponds to hydro-
quinol, were the radicals (OH) substituted in position para
(1, 4) give the molecule a planar structure and a smaller
cross-sectional area, easier to adsorb than the other struc-
tures more cumbersome. The attractive effect of functional
surface groups (weakly acid: electrons acceptor) of the ac-
tivated carbon is helping the molecule to move towards the
surface, radical hydroxyl (OH) ahead (electric attraction).
For the phenol, the adsorption is facilitated by one substitu-
tion (the molecule is consequently smaller), but the random
position of the molecule during its approach (more mobile
than hydroquinol) make it less adsorbed, the radical (OH)
is not always present ahead of the molecule. The adsorption
of both phenol and hydroquinol indicates a preferential ori-
entation of the molecules and adsorbtion, the radical (OH)
ahead in the majority of the situations.

Naturally resorcinol is more adsorbed than catechol (the
molecule being bulkier). The combined effect of the two
mechanisms gives information on the form structure and the
size of the pores. From adsorption of hydroquinol and phe-
nol, we deduce that the form of the adsorbent pores is cylin-
d um-
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rical, and from the resorcinol (1, 3) adsorption (the c
ersome molecule), to approximate the dimensions o
ores.

Basically, the structure of activated carbons contai
ores are classified according to the International Unio
ure and Applied Chemistry (IUPAC classification) into th
roups, micropores (pore size <2 nm), mesopores (2–5
nd macropores (>50 nm)[22]. The comparison of the por
imension of adsorbent with the cross sectional area of p

n flat orientation calculated by Puri et al.[23], (σ = 52.2Å),
he study of percentages of covering surface in the ca
he phenol adsorption onto various adsorbents[24], and the
echanism of adsorption outlined above, who shows
ucing of cross sectional area of the molecule lets sup

hat the selected manufacturing process of activated c
nabled to obtain an adsorbent presenting much more m
ores than macropores.

Concerning the dyes adsorption (Figs. 2 and 3), equilib-
ium times dependent on the nature of the adsorbates
asic dye (yellow) is faster adsorbed than the acid one (b
he van der Walls forces are usually predominant bu
ature of adsorbent surface (weakly acid) and the mole
ize of the adsorbate (yellow dye smaller than blue) sup
ts adsorption.

A comparative study involving the isotherms correspo
ng to the adsorbates removal from solutions by prod
ctivated carbon (ACP) and commercial activated ca
ACC) is illustrated inFigs. 4–6.

As can be seen, each compound adsorption data c
ponds to isotherms of type 1[19], i.e. convex upward curve
ho are considered to be of a strong adsorption.
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Fig. 4. Adsorption isotherms of phenol for both activated carbons.
C0 = 20 mg/l;T= 25◦C.

Fig. 5. Adsorption isotherms of basic dye for both activated carbons.
C0 = 20 mg/l;T= 25◦C.

Results obtained for each adsorbate adsorption were fit
to two adsorption isotherm models, those of Langmuir and
Freundlich.

Langmuir equation is based on a theoretical model
and assumes that the maximum adsorption corresponds
to a monolayer saturated with adsorbate molecules on
the adsorbent surface that is energetically homogeneous,
qe =KLqmCe/(1 +KLCe), whereKL is a parameter which

Table 2
Results from fitting to Langmuir and Freundlich models

Adsorbate Adsorbent Langmuir model

KL qm C

Phenol ACP 0.33 3.22 0
ACC 1.08 3.70 0

Acid blue ACP 0.74 3.57 0
ACC 0.57 8.33 0

Basic yellow ACP 1.70 10
ACC 1.32 4 0

Fig. 6. Adsorption isotherms of Acid dye for both activated carbons.
C0 = 20 mg/l;T= 25◦C.

make reference to the adsorption energy andqm is a constant
relative to the maximum adsorption capacity.

The Freundlich equation is an empirical model that con-
siders heterogeneous adsorptive energies on the adsorbent
surface,qe =KFCe

1/n whereKF is relative to the adsorption
capacity andn refers to the process intensity. The coeffi-
cients of determination of the data fitting to each of the above
models are shown inTable 2together with the values of the
characteristic parameters for each of the two models stud-
ied. According to the coefficient of determination (CD, or
regression coefficient), both Langmuir and Freundlich mod-
els provided good fittings for the data of phenols and dyes
adsorption.

A characteristic of the Langmuir isotherm is the definition
of a dimensionless factorr defined asr = (1+KLqm) [25] and
called separation factor.

Adsorption is considered favourable whenr < 1 which is
the case in all experiments. As for values obtained from
the Freundlich model, then value indicates a favourable ad-
sorption when 1 <n< 10, thus the adsorption is better when
smaller values are obtained[26].

The study of the parameters obtained shows that the pro-
duced activated carbon has a better affinity for basic sub-
stances than the commercial activated carbon.

For dyes adsorption, the kinetic of basic yellow is faster,
a

Freundlich model

D r KF n CD

.998 0.48 1.07 2.70 0.964

.987 0.20 2.41 7.14 0.980

.979 0.27 2.27 1.40 0.993

.991 0.17 2.27 2.89 0.900

0.978 0.06 2.04 2.56 0.982
.989 0.16 3.49 4.76 0.931

nd has better uptake than acid blue.
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4. Conclusion

Activated carbon produced from coffee grounds proved
to be suitable for the removal of organic pollutants and dis-
solved dyes. In batch discontinuous tests, both adsorption
kinetic studies and isotherms determination indicate that the
adsorbents behaviour depends on the nature of the compound
to be removed from the solution.

Adsorption of phenol and di-substitutes shows that the
radical ( OH) radical ( OH) has a significant influence on
the adsorption process.

The phenol adsorption and its substitutes makes possible
it to have an idea on the shape of the pores, and gives an order
of magnitude of their dimensions.

Freundlich and Langmuir equations appropriately fitted
all isotherms adsorption data.

The removal by produced activated carbon is found to be
favourable according to the separation factor related to the
Langmuir isotherm model.

The produced activated carbon and a commercial product
are quite comparable from adsorption capacity (Table 2), but
the activated produced carbon appears to be better as for as
the basic dye adsorption is concerned.
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