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Abstract

Activated carbons were prepared by impregnation of crushed clean date pits in concentrated solutions of phosphoric acid or
zinc chloride followed by carbonization in absence of air at 600°C. Steam-activated carbon was prepared by gasifying 600°C-
carbonization product at 950°C to a burn-off = 50%. KOH- activated carbon was prepared by impregnating date pits-
carbonization product obtained at 450°C in concentrated KOH solution followed by carbonization at 840°C. Textura
properties of these carbons were determined from nitrogen adsorption at —196°C and the chemistry of the carbon surface was
investigated by determination and of the surface carbon-oxygen (C-O) groups using bases of variable strength and dilute HCI.
The adsorption of endosulphan a 27°C on al the carbons prepared was undertaken. Adsorption of this pesticide at 32 and
37°C was also undertaken for steam-activated and KOH-activated carbons. Phosphoric acid-activated carbons and steam-
activated carbons are mainly microporous and have high surface concentration of C-O groups of acidic nature. Steam-
activated and KOH-activated carbons exhibited surface areas > 1000 m?%g and contain micro and non-micrpores. The
adsorption of endosulphan was related to the surface area of non-micropores and was retarded by the high concentration of
surface C-O groups. The thermodynamic properties indicated the feasibility of the adsorption process and the possible

regeneration of the carbon for further use.

1. Introduction

To achieve higher yields with good quality from newly
introduced high-yielding varieties of crops, the use of pesti-
cides is imminent for controlling insects, pests and diseases.
Degspite their importance in improving and stabilizing agri-
cultural production, these agents are also known to pollute
air, water and soil, and thereby produce undesirable effects
upon the man and the environment. It becomes necessary to
detect, separate, identify and determine pesticide residues in
the ecosystem and then take the proper steps for their
removal. The adsorption of pesticides on soils has been of
considerable significance. The frequent detection of pesti-
cides in surface and ground water has greatly increased
experimental studies on pesticide adsorption by soils [1, 2].
However, the adsorption of pesticide by activated carbons
received very little concern. This stimulated the author to
devote his interest towards pesticide adsorption from water
using activated carbons. Because the price of activated
carbons continuously increases, preparation of activated
carbons from agricultural wastes is our new trend.

Most of the data on pesticide adsorption by soils deals
with aqueous solutions [3-6]. However, a number of investi-
gations have been carried out on the adsorption of pesticides
on soils from non-agueous solvents and solvent mixtures [6-
10] and it was reported that the adsorption capacity for
pesticides decreased with the increase of the volume fraction

of the organic solvent [11]. On the other hand, the adsorption
of pesticides from water may be suppressed by the hydro-
philic nature of soil which increased the adsorption of water
rather than of the pesticide [12]. Thus, adsorption of pesti-
cides from water is expected to be considerably higher when
undertaken by hydrophobic sorbents such as active carbons
(ACs). Despite the high cost of these sorbents, the removal
of pesticides particularly from drinking water still deserves.

ACs are characterized by their extended surface aress,
large total pore volume and wide range of pore size distri-
bution [13] and consequently very high adsorption capacity
organic and inorganic pollutants from gas streams as well as
from solution [14]. ACs can be prepared from any carbon-
aceous material and the cost of their production significantly
comes down when agricultural wastes are used as precursors
for their production [15].

In the present investigation, chemically-activated carbons
were prepared from date pits using zinc chloride or phos-
phoric acid as activating agents, KOH-activated carbon was
aso prepared using KOH as activating agent followed by
gasification with steam to a burn-off = 25%. Physically-
activated carbon was also obtained by gasifying date pits
carbonization product with steam at 950°C to a burn
off =50%. The adsorption of endosulphan from agueous
solutions onto these carbons was at 27°C was undertaken.
Adsorption of this pesticide at 32 and 37°C was also investi-
gated on two selected carbons to determine the thermo-
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dynamic parameters of this adsorption system. Trias have
been made to relate the adsorption capacities of endosulphan
to any of the surface properties of carbons.

2. Experimental
2.1. Materials

A large stock of dry, clean and crushed date pits (D) was
prepared. Two zinc chloride-activated samples (CZ5) and
(CZ10) were obtained by impregnating portions from (D) for
72h into saturated zinc chloride solutions containing 50 and
100 wt % of zinc chloride, respectively. The impregnated
samples were heated in absence of ar a 600°C. The
carbonized mass was lixiviated with 5% HCl and then
washed with distilled water till the supernatant was chloride
ion-free The active carbon thus obtained was dried and
stored in Quick-fit glass container. More details are reported
elsewhere [16]. Phosphoric acid-activated carbons (CP4) and
(CP6) were prepared by impregnating portions from (D) for
72h into concentrated H;PO, solutions containing 40 and 60
wt % of phosphoric acid, respectively. The impregnated
solids were dried at 110°C before carbonization at 600°C, in
absence of air. The carbonized mass was washed till the pH
of the supernatant was 6.5 and then dried and stored. Details
of activation with phosphoric acid are given elsewhere [17].
Steam-activated carbon (CS) was obtained by gasifying
600°C-carbonization product of (D) with steam at 950°C to a
burn-off =50%. Details on steam activation have been
previously reported [18]. KOH-activation was carried out
using 450°C-carbonized date pits. This product was crushed
and sieved to a uniform size range 0.5-1.0 mm. Equal weights
of the carbonization product, water and KOH were mixed in
a stainless steel container, After being dried at 110°C for
24h, the dried product was place in a sealed ceramic oven
and heated a a rate of 10°C/min to 780°C, in nitrogen
amosphere for 1h.The activation product was cool to room
temperature and washed with redistilled. The sample was
then poured to a beaker containing 250 ml of 0.1 M HCI and
gtirred for 1h. Finaly the sample was washed with distilled
water until pH of the wash solution was about 6-7. The
KOH-activated sample was designated (CK). Details on
KOH-activation are reported elsewhere [19].

Technical grade endosulphan was a product of Rallis India
Ltd., Mumba and was used without further purification. Its
structure can be represented as:

Cl

0"‘\.
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Cl
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2.2. Techniques

The textural properties of the carbons were determined
from the adsorption of nitrogen at —196°C, using conven-
tional volumetric apparatus. Prior to any adsorption mea
surement, the carbon sample was degassed at 200°C under a
reduced pressure of 107 Torr for 8h.

The pH of the agueous solution of the adsorbate and the
surface pH of ACs were determined using digital pH-meter
(Pope model No. 1501). The base neutraization capacities
(BNC) of the ACs were determined according to the Boehm
titration [20]. These were carried out by neutralization of O,
1 M NaHCOs;, N&CO;, NaOH and Na,OC,Hs by carbon
samples. Thus 0.25 g of the carbon sample was mixed wit 50
ml of the respective solution into 100 ml Quick-fit poly-
ethylene bottles. The suspensions were flushed with nitrogen.
Shaking was continued for 24h. The residual concentration
of each solution was determined by titrating the supernatant
against 0.1 M HCI. The total amount of surface basicity was
determined by neutralization of 0.1 M HCI by the carbon
sample.

The adsorption of endosulphan was performed from
aqueous solution by taking different initial concentration of
endosulphan. 20 ml of each concentration were transferred
to a stoppered glass flask and to each of these solution 0.1g
of the carbon was added and the suspensions were main-
tained at 27°C in an incubator shaker for 6h followed by
incubation without shaking for 24h. The suspensions were
centrifuged and the supernatants were collected. The residual
concentration of endosulphan was determined spectrophoto-
metricaly [21] and the amount adsorbed calculated. Each
experiment was made in duplicate and a blank flask contain-
ing 0.1g of the carbon sample and no endosul phan was used
for each set of experiments.Few experiments on endosulphan
adsorption at two additional temperatures (32 and 37°C)
have been undertaken onto CS and CK carbons.

3. Reaults and Discussion
3.1. Textural Properties

The adsorption of nitrogen a —196°C on &l the ACs
investigated proved to be rapid with the equilibrium attained
within 30 min at relative pressures lower than 0.1 and within
20 min at higher relative pressures. However, 40 min intervals
were allowed between successive adsorption measurements
to ensure equilibrium conditions. This may e taken as an
evidence that the entire pore structure of the ACs is
accessible to nitrogen molecule at —196°C and that the
adsorption is not controlled by activated diffusion [22]. The
isotherms of CZ carbons and CP carbons were of first type
according to the BDDT classification [23]. CS and CK
carbons exhibited nitrogen adsorption isotherms showing
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Fig. 1. Representative nitrogen adsorption isotherms at —196°C

both the characteristics of type | and type Il of the same
classification. Representative nitrogen adsorption isotherms
are shown in Fig. 1. The conventional BET equation [24]
was satisfactorily applied in the relative pressure range 0.05-
0.35. The surface areas Sger of the ACs were determining
adopting the molecular area of nitrogen molecule as 0.162
nm? [25], the Sger values (m?%g) are listed in Table 1.
Included aso in this Table are the total pore volumes Vt
(ml/g), as calculated from the volume of nitrogen gas
adsorbed at relative pressure very close to saturation, i.e. at
P/P. = 0.98. The mean pore radius of each carbon was also
calculated from the relation:

(M) = 2 V1 x 10%Sger (1)

The r,, values of the ACs are given in Table 1. Another
independent method, namely the o-method [26] was also
used to analyze the nitrogen adsorption isotherms. This
method plots the volume of nitrogen adsorbed versus reduced
isotherm determined on non-porous carbon. The adsorption
data report by Sellez-Perez and Martin-Martinez [27] were
used for such plots. Representative o plots are shown in Fig.
2. The extrapolation of the o plot to the origin determines
the surface area S* (Table 1). It seems logical to extrapolate,
where possible, to the origin of coordinates in the o plots.
This extrapolation cannot be done for &l the carbons, o plots

Table 1. Textural properties of the carbons investigated
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Fig. 2. Representative o-plots of nitrogen adsorption at —196°C.

can become curved in the lower relative pressure region [27]
and extrapolation to the origin is not aways possible. This
limitation could arise from the standard reference material or
from the oo method, although this kind of deviation has been
ascribed to the presence of narrow microporosity in the
activated carbon [27]. In this investigation the reference non-
porous carbon was used and therefore the author is inclined
to ascribe the deviation to the existence of a large fraction of
narrow micropores in the ACs investigated. The very small
rm values may be taken as an evidence for this explanation.
The o-method alows aso the determination of other
textural parameters. These are the surfaces located in micro-
pores and in non-micropores, S*, and S*,, respectively. The
same method can give aso the volumes of micopores and
non-micropores V%, and V%, both expressed in (ml/g).
These textural parameters are also given in Table 1.
Inspection of Table 1 reveds that: 1- the surface area and
total pore volume of CZ carbons increased with the increase
of the percentage of zinc chloride used in activation. The
same was aso true for CP carbons, i.e. Sger and Vr
increased with the percentage of phosphoric acid used in
activation. 2- Sger and S™ are more or less comparable which
may be taken as an evidence for the correctness of the
surface areas calculated. 3- For CZ and CP carbons, S*,, and
V%, are by far higher than S*, and V*,. Comparable S*, and

Cabon  Sger(mf/g)  Vr(mllg) m (NM) S'(mg)  Sh(mlg)  S'm(mig)  Vom(mifg) V% (mlig)
CP4 904 0.390 0.97 777 40 737 0.336 0.064
CP6 982 0.498 1.01 938 %8 840 0.372 0.126
Cz5 641 0.302 0.94 648 70 578 0.212 0.090
CZ10 906 0.459 1.01 875 137 738 0.349 0.110
Cs 1175 1.085 1.85 1156 612 544 0.290 0.795
CK 1265 0.956 151 1226 480 746 0.372 0.584
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S*, have been exhibited by CS, i.e. 612 and 544 m?/g,
respectively. For CK, S*, was lower than S%, i.e. 480 and
716 m?g. 4- The mean pore radii of CZ and CP carbons are
either dlightly smaller or dightly larger than 1.0 nm indicat-
ing that these carbons are mainly miroporous. The mean
pore radii of CS and CK are 1.85 and 1.51 nm, respectively
indicating that they contain both micro and mesoporosity.

3.2. Chemistry of the Carbon Surfaces

The chemistry of the surface of a carbon is equally
important to its textural properties in determining its adsorp-
tion capacity, particularly in adsorption from solution. The
chemistry of the carbon surface is attributed to the existence
on the surface, of carbon-oxygen C-O groups of acidic or
basic character. The pH of the aqueous suspension of carbon
material (Table 2), provides a convenient indicator of the
carbon surface. The pH vaues of CZ5 and CZ10 wee
measured to be 5.5 and 4.9, respectively, whereas those of
CP4 and CP6 were found to be 4.3 and 3.7, respectively.
This may be taken as an evidence of the predominance of
the acidic functional groups on the surface of these carbons.
The surface pH of CS was found to be 8.9 indicating higher
surface concentration of C-O groups of basic character. The
pH of CK was measured to be 6.5, i.e, approximately
neutral or that comparable concentrations of basic and acidic
groups characterize the surface of this particular carbon. The
chemistry of the surfaces of ACs is aso determined from
their base neutrdization capacities (BNC) and the totd surface
acidity, both expressed in (meg./g). The various acidic
functional groups on the carbon surface can be determined
using selective neutralization by equilibration with series of
bases of increasing strength, i.e. NaHCOs;, Na,CO;, NaOH
and NaOC,Hs. NaHCO; neutralizes carboxylic groups
whereas those neutralized by Na,CO; but not by NaHCO;
were believed to be lactones. The weakly acidic groups
neutralized by NaOH but not by Na,CO; were postulated as
phenols. The reaction with NaOC,Hs but not with NaOH
was hot considered as a true neutralization reaction since it
did not involve exchange by H* or Na' ions. The groups
reacting with NaOC,Hs but not with NaOH were suggested
to be carbonyls [28]. The basic groups on the surfaces of
ACs were determined by neutralization with 0.1 M HCI. The

different functional groups on the surface of ACs investi-
gated are listed in Table 2, expressed as (m eq./g). Included
dso in this table are the surface densties of C-O groups
(deo in P eg./m?), which is the total amount of acid and
basic functional groups on the surface of one gram carbon
divided by Sger (m?g) of this carbon.

It is evident from Table 2 that: 1- Generally, the pH values
of CP carbons are lower than those of CZ carbons. This is
consistent with the surface concentration of the acidic groups
of these carbons. An evidence for this consistency is the
lower surface basicity of CP carbons compared with CZ
carbons. 2-The concentration of acidic groups on the surface
of CS carbon is considerably lower compared with CP and
CZ carbons, the opposite is the case when the surface
concentrations of the basic groups of these carbons were
considered. 3- dco of CP4 is the maximum whereas that of
CK is the minimum, dc.o depends both on the amount of C-
O groups as well as on the extent of the surface area.
Evidently, dco follows the trend : CP4 > CP6 > CZ5 >
CZ10> CS> CK.

3.3. Adsorption of Endosulphan

Adsorption of endosulphan was undertaken by a ACs
investigated from aqueous solution without buffering. Adsorp-
tion isotherms linking the amount of endosulphan adsorbed
(mg/g) on ACs and the amount of endosulphan in equili-
brium solution (mg/l) were plotted and are depicted in Fig.
3. The isotherms are of the Langmuirian type, i.e. of the L-
type according to the classification of Giles [29]. The
adsorption isotherms were analyzed by the application of
Freundlich equation. The linear form of this equation is:

log g. = log K + Un log C, 2

where g is the amount of endosulphan (mg/g) adsorbed at
the equilibrium concentration C, (mg/l), Kg is known as
Freundlich constant and is related to the adsorption capacity
and 1ln is related to the adsorption intensity. Satisfactory
linear relation was found when log g was plotted versus log
Cc (Fig. 4), the values of K and 1/n are listed in Table 3.
Fig. 4 depicts fair fitting of endosulphan adsorption to this
empirical equation.

The Langmuir eguation was aso used to analyze the

Table 2. Surface C-O groups (meg./g) and surface density of C-O groups dc.o (1eq./g)

Carbon PH Carboxyl Lactonic Phenolic Carbonyl Total acidic Total basic dco
CP4 43 0.15 0.12 0.08 0.18 0.53 0.07 0.74
CP6 3.7 0.20 0.15 0.08 0.21 0.64 0.06 0.70
CZ5 55 0.06 0.08 0.05 0.10 0.29 0.07 0.62
Cz10 49 0.08 0.12 0.08 0.14 0.42 0.10 0.57
(O 89 0.04 0.04 0.05 0.06 0.19 0.26 0.38
CK 6.5 0.06 0.05 0.07 0.08 0.26 0.21 0.37
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Fig. 4. Linear Freundlich plots of endosulphan adsorption at
27°C.

endosulphan adsorption isotherms. The linearized Langmuir
equation may be written as:

1/de= (/o b) (U/Ce) + Uan 3

where ¢, (mg/g) is the maximum adsorption capacity and b
(I/mg) is related to the energy of adsorption. ge and C, have
been previoudy identified. Linear Langmuir plots of endo-
sulphan adsorption at 27°C are shown in Fig. 4. Evidently,
endosulphan adsorption results showed better fitting to the
Langmuir equation (Fig. 5), compared with The fitting to
Freundlich equation. The isotherms show well developed
plateaus and therefore g, could also be considered as a
measure of the monolayer capacity, g, and b for each
adsorption system are listed in Table 3. Included also in
Table 3 are the regression coefficients (r?) obtained from the
application of Freundlich and Langmuir models. This indi-
cates once again the better fitting of the present data to
Langmuir model.

Table 3. Freundlich and Langmuir constants of endosulphan
adsorption at 27°C

Freundlich constants Langmuir constants
Carbon
Ke Un Om (MY/Q) b (I/g)
CP4 0.150 050 0.46 122
CP6 0.180 0.56 1.03 1.26
Cz5 0.160 0.39 0.67 0.85
Cz10 0.186 0.57 183 0.58
CSs 3.980 0.33 8.30 2.167
CK 3.100 0.33 6.90 2216
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Fig. 5. Linear Langmuir plots of endosulphan adsorption at
27°C.

It is evident from Table 3 that: 1- the adsorption capacity
of CP carbons for endosul phan increases with the increase of
the activating agent (H3PO,) as indicated from the values of
Kr and gn,. The same was aso true for CZ carbons. 2- CS
and CK exhibited high adsorption capacities for endosulphan
as compared with CP and CZ carbons. This may be attribut-
ed to the difference in the pore dimensions of these carbons.
Endosulphan is bulky molecules and therefore is expected to
be inaccessible to micropores predominating in CP and CZ
carbons. Moreover, CP and CZ carbons are characterized by
relatively high surface densities of C-O groups. The existence
of large concentration of these groups on the surface of
microporous carbon probably retards the adsorption in
genera and of bulky molecules in particular. The adsorption
capacities exhibited by CS and CK are satisfactory consider-
ing that the adsorption was undertaken from low concen-
trated solution to simulate the real case. Adsorption from
solution increases considerably with the increase of the
concentration and most probably the carbons investigated
here would show high adsorption capacities from more
concentrated solutions.

On the abovementioned basis a trial has been made to
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Table 4. Thermodynamic parameters (kJ/mol) of endosulphan adsorption by CS and Ck at 27, 32 and 37°C

at 27°C at 32°C at 37°C
Carbon
-AH -AG —-AS —-AH -AG -AS —-AH -AG -AS
CS 13.70 1.92 0.040 13.70 2.18 0.038 13.70 2.45 0.036
CK 1.77 1.97 0.019 1.77 2.16 0.018 777 2.32 0.017

related the endosul phan adsorption capacity of the carbon, as
expressed by g, and the extent of the surface located in non-
micropores S*,. Fig. 6 shows such a linear relation which
indicates that adsorption of endosulphan is restricted to the
mesopores. The fact that the straight line representing this
relation passes through the origin may aso explain the
inaccessibility of micropores to endosulphan molecule.

The adsorption of endosulphan by CS and CK was also
undertaken at two additional temperatures, namely 32 and
37°C. This alowed the determination of the thermodynamic
parameters of the present adsorption system using the
Langmuir adsorption constant as suggested by Panday et a
[30].

Lnb=Inb" - AH/RT, )
Ln /b = - AG/RT (5)
AS = (AH - AG)/T (6)

The value of AH is obtained by plotting Ln b versus UT
(Fig. 7). Table 4 lists these adsorption thermodynamic para-
meters. For CS, gm values of 8.3, 7.6 and 7.0 (mg/g) were
caculated at 27, 32 and 37°C, respectively, whereas gm
values of 6.9, 6.4 and 5.9 (mg/g) were caculated for CK at
these temperatures, respectively. The negative values of AH
indicate that the adsorption of endosulphan on CS and CK is
exothermic and the negative values of AG indicate the
spontaneous nature of the adsorption process. The small
negative values of AS demonstrate the reversibility of the
adsorption process and the possibility of regeneration of the

carbon for further adsorption cycles.

4, Conclusions

CP and CZ carbons exhibited high surface areas with most
of the surface located in micropores. The surface pH of these
carbons and the analysis of their surface C-O groups indi-
cated their surface acidity. CS and CK carbons have high
surface areas and total pore volumes and contain both micro
and mesoporosity. The surface densities of C-O groups on
these carbons are lower compared with those on CP and CZ
carbons with most of the surface groups of the basic nature.
Endosulphan adsorption is determined by the surface located
in non-micropores and is retarded by the high concentration
of C-O groups, particularly in case of microporous carbon.
Steam-activated carbon and KOH-activated carbons exhibited
high pesticide uptake athough, this uptake was from very
low concentrated solution. The thermodynamic adsorption
parameters of endosulphan indicate the feasibility of the
adsorption process.
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