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Abstract

Activated carbons prepared frafactona grandis sawdust, a timber industry waste, have been examined for the removal of phenol from aqueous
solutions. The activated carbon was prepared by zinc chloride activation under four different activation atmospheres, to develop carbons with w
developed porosity. Experiments were carried out at different chemical ratios (activating agent/precursor). Effects of carbonizationméempera
and time are the important variables, which had significant effect on the pore structure of carbon. Developed activated carbon was character
by SEM analysis. Pore volume and surface area were estimated by Hg porosimetry and BET surface area analyses. The carbons showed si
area and micropore volumes of around 58%gvand 0.442 cifig, respectively. The activated carbon developed showed substantial capability to
adsorb phenol from aqueous solutions. The kinetic data were fitted to the models of Lagergren, pseudo-second-order and intraparticle diffus
and followed closely the pseudo-second-order chemisorption model. The Freundlich and Langmuir isotherm models were well fitted. The solut
pH markedly affected the sorption process. The maximum uptake of phenol was found to be 2.82 mg/g at pH 3.5.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Activated carbon has been the water industry’s standard
adsorbent for the reclamation of municipal and industrial
Adsorption is one of the most effective processes of advancedastewater for potable use for almost three dec§zlleActi-
wastewater treatment, which reduces trace hazardous organiated carbons have the advantage of exhibiting a high adsorption
and inorganic wastes left in effluents after the conventional treaeapacity for organic pollutants due to their high specific surface
ment. It is also used to remove toxic inorganic and organi@rea, adequate pore size distribution, and relatively high mechan-
compounds from contaminated ground water. However, in watdcal strengtl3,4]. Despite its prolific use in the water and waste
treatment the most widely used method is adsorption onto thimdustries, activated carbon remains an expensive material. In
surface of activated carbofi]. The relative advantages of view of the high cost and tedious procedures for the prepara-
adsorption over other conventional advanced treatment methotien and regeneration of activated carbons, there is a continuing
are: (1) it can remove both organic as well as inorganic consearch for low-cost potential adsorbents.
stituents even at very low concentrations, (2) itis relatively easy In practice, coal and waste biomasses of lignocellulosic mate-
and safe to operate, (3) both batch and continuous equipmenials are two main sources for the production of commercial acti-
can be used, (4) no sludge formation, and (5) the adsorbent caated carbons. Waste biomass, which includes forest as well as
be regenerated and used again. Moreover the process is econamgricultural byproducts have emerged as a better choice. Though
ical because it requires low capital cost and there are abundatitese raw wastes can be used as adsorbents without further
low-cost materials available which can be used as adsorbentstreatment, activation could enhance their adsorption capacity.
The production of activated carbons from such wastes converts
unwanted, surplus waste, of which billions of kilograms are
* Corresponding author. Tel.: +91 3222 283920; fax: +91 3222 282250,  Produced annually, to useful valuable adsorbents. There are a
E-mail addresses: kmohanty@che.iitkgp.emet.in, quite large number of studies regarding the preparation of acti-
mohantyk_iit@yahoo.com (K. Mohanty). vated carbons from agricultural wasfg$], nutg[7,8], nutshells
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necessary to remove phenol completely from wastewater (gen-
Nomenclature eral effluent discharge standard of phenol is 0.05 ppm), before
being discharged into waterways.
b Langmuir constant (I/g) In this work we report the results obtained on the prepara-
Ce equilibrium phenol concentration (mg/l) tion of activated carbons frorfectona grandis sawdust with
Co initial phenol concentration (mg/l) zinc chloride activation and their ability to remove phenol from
lin sorption intensity (dimensionless) wastewater. Different preparation variables on the character-
Chemical istics of activated products were studied to find the optimum
ratio  activating agent (Zng)/precursor (g/9) conditions for making activated carbons with a high surface
CR chemical recovery (g/g) area and well-developed porosity. The activated carbons thus
k measure of adsorbent capacity (I/g) produced were used for the removal of phenol from dilute
Kag  equilibrium rate constant of pseudo-first-order aqueous solutions. Kinetic models were used to identify the
adsorption (min) possible mechanisms of such adsorption process. The Lang-
KL Langmuir constant (mg/g) muir and Freundlich models were used to analyze the adsorption
qe amount of phenol adsorbed at equilibrium (mg/g)  equilibrium.
T temperature°C)
t time (min) 2. Experimental technique
Vv volume of the solution (1)
w weight of the adsorbent (g) 2.1. Preparation of activated carbon
We weight of chemical used (g)
Wpt  weight of product after washing (g) T. grandis sawdust collected from nearby locality was first
Wpi  weight of product before washing (g) washed with distilled water to remove the water-soluble impuri-
ties and surface adhered particles and then dried &€ &0 get

rid of the moisture and other volatile impurities. Then the pre-
[9,10], fruit stones[11], bagass¢12], coirpith [13], oil palm  cursor was grounded in the ball mill and sieved to particle size
waste[14] and agricultural residues from sugarcdhB], rice  range of 150-20m. The proximate analysis of the precursor
[16] and peanu{l17,18] sawdust19] and canes from some yielded, moisture 8.1%, volatile matter 37%, fixed carbon 53%
easy-growing wood speci§20]. and ash 1.9%.

Basically, there are two different processes for the prepa- Chemical activation of the powdered precursor was done with
ration of activated carbon: physical activation and chemicalZnCl,. Ten grams of dried precursor was well mixed with 100 ml
activation. In comparison with physical activation, there are twaosolution that contained 10 g of ZnLIThe chemical ratio (acti-
important advantages of chemical activation. One is the lowevating agent/precursor) was 100% in this case. The mixing was
temperature in which the process is accomplished. The othgrerformed at 50C for 1 h. After mixing, the slurry was sub-
is that the global yield of the chemical activation tends to bgected to vacuum drying at 10C for 24 h.
greater since burn-off char is not required. Among the numer- The resulting chemical loaded samples were placed in a
ous dehydrating agents, zinc chloride in particular is the widelstainless steel tubular reactor and heatedC(Bin~1) to the
used chemical agent in the preparation of activated carboriinal carbonization temperature under a nitrogen flow rate of
Knowledge of different variables during the activation processl50 cnt min—! STP. Samples were held at the final temperature
is very important in developing the porosity of carbon sought(carbonization temperature) for different carbonization times
for a given application. Chemical activation by Za@hproves  of 1, 2, and 3 h before cooling down under nitrogen. Nitrogen
the pore development in the carbon structure and because ehtering in the reactor was first preheated to 250=80t a
the effect of chemicals the yields of carbon are usually higlpreheater. The products were washed sequentially with 0.5N
[8,9]. HCI, hot water and finally cold distilled water to remove

Phenolic compounds are considered to be hazardous wastessidual organic and mineral matters, then dried at°CLO
which are released into the aquatic environment by industriel all experiments, heating rate and nitrogen flow were kept
such as coke ovens in steel plants, petroleum refineries, petroenstant. The experiments were carried out for different
chemical, phenolic resin, and pharmaceutical, chemical, andhemical ratio (100—300%) and carbonization temperature
dye industries, etd4,21,22] The discharge of phenolic waste (300-600C).
into waterways may adversely affect human health as well as Weight loss of the carbon samples was calculated on a chemi-
that of flora and fauna. Ingestion of a small amount of phenotal free basis and chemical recovery (CR) was estimated accord-
(TLV of 5 ppmy,) by human beings may cause nausea, vomiting to
ing, paralysis, coma, greenish or smoky colored urine, and even
death from respiratory failure or cardiac arrests. Phenols alsGR =
impart undesirable taste to water even at extremely low con- c
centration (USEPA recommends a maximum allowable limit ofwhere Wp; and Wp; are the weight of product before
0.001 ppm). Fatal poisoning may also occur by adsorption oénd after washing andW; is the weight of chemical
phenol by skin, if a large area of it is exposed. It is thereforeused. Chemical recovery and weight loss are regarded as

Wei = Wet | 100 1)
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Table 1 adsorbent phase was calculated according to
Physico-chemical characteristics®trona grandis sawdust activated carbon
Serial number Control tests T. grandis sawdust ge = M (2)
w
1 Carbon yield (%) 42
2 Ash content (%) 9.4 whereCp and Ce are the initial and equilibrium concentrations
3 Moisture content (%) 11.35 (magl/l), respectively, of phenol in solutio#;the volume (1), and
4 Bulk density (g/ml) 0.96 W is the weight (g) of the adsorbent. Two replicates per sample
5 BET surface area (f/g) 585 d dth It ted
6 Total pore volume (cAig) 0442 were done and the average results are presented.
7 lodine number (mg/g) 1036 Adsorption equilibrium isotherms on the selected carbon
8 Methylene blue number (mg/g) 362 were determined using sample dosages of 0.4 g/200 ml aqueous
9 Phenol number (mg) 14.28 solutions of initial concentrations in the range of 10—-100 mg/l, at
. 0, B H
10 Matter soluble in water (%) 2.22 pH 1.0. For these experiments, the bottles were shaken, keeping
11 Matter soluble in acid (%) 2.64

the temperature (25C) and agitation speed (120rpm) con-
stant for a period (of minimum contact time) required to the
attain equilibrium, as determined from the kinetic measurements

indicators of the process efficiency in the chemical activation; .
process detailed above.

N . The effect of pH on the equilibrium adsorption of phenol
Characterizations of the activated carbons were deteran selected carbon was further investigated over a pH range of
mined by nitrogen adsorption at196°C with the help of g P g

Micromeritics Flowsorb-2300 and Quantachrome Autoscan2_8.' The pH va.lues were adjusted with dilute sulphuric acid and
. sodium hydroxide solutions.

Mercury Porosimeter. The BET surface area was calculated from

N> adsorption isotherms by using the Brunauer-Emmett—Teller

(BET) equation [23]. The cross-sectional area for the 3. Results and discussions

nitrogen molecule was assumed to be 0.162.nrfhe

Dubinin—Radushkevich (DR) equati¢3] was used to calcu- The results for the characterization of the prepared activated

late the micropore volume from the,Nadsorption data. The carbon are discussed in this paper. The tests for characteriza-

micropore surface area was then determined from the valud¥n include weight loss, chemical recovery, BET surface area,

obtained from the micropore volumg4]. The amount of N micropore volume and adsorption capacities of the activated car-

adsorbed at a pressure near unity corresponds to the total amo@ towards phenol removal.

adsorbed at both micropores and mesopores and consequently,

the subtraction of the micropore volume (from the DR equa-3.]. Effect of different variables on the preparation of

tion) from the total amount (determined @pg=0.98 in this  acrivated carbons

case) will provide the volume of the mesopore. The average

pore diameter can be determined according to the surface argd.]1. Carbonization time

and the total pore volume (the sum of the micropore and the The effects of carbonization time on weight loss, chemical

mesopore volumes), if the pores are assumed to be parallel apgcovery, BET surface area and micropore volume of ZnCl

cylindrical. The various physico-chemical characteristics of theactivated carbons are shown Fig. 1. For all these samples

activated carbon prepared frof grandis sawdust is given in  the carbonization temperature is 5@ and the chemical to

Table 1 nutshell ratio is 100% (mass basis). As seen in the figure, car-
bonization time does not have much effect on the weight loss
2.2. Phenol adsorption procedure (although the weight loss increases with carbonization time, the

increase is slight), whereas BET surface area and pore volume
Adsorption kinetics and equilibrium studies were conductedirstincreases with carbonization time and reaches its maximum
using the bottle-point isotherm technique by placing a knowrft 1 h and thereafter it decreases. This decrease (after 1 h) was
quantity of the adsorbent in glass bottles containing 100 ml of aRossibly due to some of the pores being sealed off as a result of
aqueous solution of phenol with a predetermined concentratiorsintering for a prolonged time. Generally, alonger carbonization
The final adsorbent concentration thereby achieved was 5 gfime is needed to enhance porosity as well as to clear blocked
unless otherwise stated. After such solution preparation, ead?Pre entrances before detrimental effects set in at prolonged
bottle was shaken vigorously in a thermostatic incubator-cumtimes. From an initial high surface area and pore volume, it
shaker for specific time intervals till the equilibrium is reached.deteriorated with increasing carbonization time. It can be seen
Atthe end of the adsorption process, the adsorbent particles wef@m Fig. 1 that the chemical recovery values decreases with

filtered out and the phenol concentration in the supernatant wdge carbonization time. This might be due to the evaporation of
then analyzed. ZnCly, from the precursor at longer carbonization time. There-

The concentrations of pheno] were determined fo||owingf0re, it can be concluded that in chemical activation with @C'
the method[23] based on the spectophotometric analysis ofthe impregnation method with a shorter carbonization time (Lh
the color developed as a result of the reaction of phenol withn this case) produces activated carbons with a well-developed
4-aminoantipyrine. The phenol concentration retained in thd0re structure.
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Fig. 1. Effect of carbonization time on weight loss, chemical recovery, BET surface area and pore volume of activated carbons prefateehir@mundis
sawdust by ZnGlactivation.

3.1.2. Carbonization temperature weight loss. Overall weight loss was found to increase with
The effects of carbonization temperature on weight lossincreasing temperature, resulting in decreased vyield of char
chemical recovery, BET surface area and micropore volume ofvith the rise in temperature. This weight loss was essentially
ZnCl, activated carbons are shown kiig. 2 for a carboniza- due the volatilization of thel. grandis fibres upon heating
tion time of 60 min and a chemical ratio of 100% (mass basis)and as expected, the quantity of volatiles evolved increased
Our preliminary studies revealed that this time and chemicalith increasing temperature. The final yields of the char result-
ratio were optimum. As can be seen in the figure, that theng from carbonization at different temperatures were ranging
carbonization temperature does not have much effect on theetween 38% and 42% of the original weight of the predried
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Fig. 2. Effect of carbonization temperature on weight loss, chemical recovery, BET surface area and pore volume of activated carbons prepaveddiom
sawdust by ZnGlactivation.

extracted fibre. The chemical recovery values decreases witbmmenced, thereby creating very small BET surface area as
the carbonization temperature which may be due to the evapvell as pore volume. This phenomenon was due to the inade-
oration of ZnC} from the precursor at higher carbonization quate of heat energy produced at this low carbonization tem-
temperature. perature and the release of volatiles was insignificant for the
The effect of carbonization temperature on BET surfacepore development. As the temperature was further increased
area and micropore volume is shownhig. 2 When the car- to 400°C and subsequently to 50CQ, more volatile mat-
bonization temperature was 300, pyrolysis reactions had just ters were progressively released during carbonization, thereby
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resulting in the development of some new pores, and hencg/l.3. Chemical ratio

the BET surface area increased progressively. The decrease The effects of chemical ratio (Zngko nutshell ratio) on

in surface area with further increase in temperature t0°600 weight loss, chemical recovery, BET surface area and micropore
might be due to the sintering effect at high temperature, folvolume of activated carbons are showrFig. 3. For all these
lowed by shrinkage of the char, and realignment of the carsamples the carbonization temperature of 80@nd the car-
bon structure which resulted in reduced pore areas as well dnization time of 60 min. Our previous experiments revealed
volume. that this temperature and time were optimum. It can be seen
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Fig. 3. Effect of chemical ratio on weight loss, chemical recovery, BET surface area and pore volume of activated carbons prepargdifcbmsawdust by
ZnCl, activation.
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in the figure that the addition of chemical agents to the prestructure and thus resulted in the formation of chars with an
cursor decreases the weight loss of the carbon products. Tltact external surface. It can also be seen that some salt parti-
reduction of weight loss is most likely due to the effect of thecles are scattered on the surface of the activated carbon, probably
chemical agent in which it promotes the Scholl condensatiomlue to the presence of remaining zinc chloride or other metal
(polymerization) reactions. These reactions, which occur amongompounds on the activated carbon. Some particles were even
the aromatic hydrocarbons and tar-forming compounds, resuttapped into the pores and could possibly block the entry of
in the formation of large molecules (viz. polycyclic aromatics) pores to some extent. The above findings were verified with the
in the structure of the activated carbon and increase the carbaasults obtained by Hg porosimetry of activated carbon. Clearly,
yield. The effect of chemical ratio on chemical recovery is showrit demonstrates that the adsorptive capacity of the products could
in Fig. 3. A portion of chemicals added to the carbon precursoibe further increased on improving the washing procedure.
can be recovered during the washing stage of the activated prod-
ucts after carbonization. It is obvious that with increasing the3.2. Phenol removal
chemical ratio, the recovery should be increased as well.

The effects of chemical ratio on BET surface area and micro3.2.1. Kinetics of phenol adsorption process
pore volume is shown ifrig. 3. It shows that surface area as  The relationship between contact time and phenol removal
well as the pore volume increases with the increase in chemic#ly activated carbon obtained by ZnQictivation ofT. grandis
ratio. The two distinct regions of pore evolution can be observedsawdust for four different initial concentrations is presented in
In the first region (chemical ratio <150%), the surface area anéig. 5for an adsorbent dosage of 5 g/l and at natural pH of the
the micropore volume increase at a high rate, while in the seasolution. It can be seen from the figure that an increase in ini-
ond region (chemical ratio >150%), in addition to pore openingtial phenol concentration results in a decrease in the percentage
some portion of the chemicals are responsible for the wideninghenol removal but results in an increase in the actual phenol
of the micropores, resulting in slower rate of increase in porosadsorbed. It can be concluded that the rate of phenol binding
ity. The destructive effect of high Zngtatio on the micropore  with activated carbon is high at initial stages, which gradually
structure of active carbon can be observed in this region. decreases and becomes almost constant after a period of 300 min.

This observation is in support of the findings reported by several
authorg10,22]

3.1.4. SEM analysis of the activated carbons Numerous kinetic models have been proposed to elucidate the

Scanning electron microscopy (SEM) technique wasmechanism by which pollutants may be adsorbed. The mecha-
employed to observe the surface physical morphology of th@ism of adsorption depends on the physical and/or chemical
nutshell derived activated carbdfig. 4 shows the SEM pho-  characteristics of the adsorbent as well as on the mass trans-
tographs of thel: grandis sawdust before and after the car- port process. In order to investigate the mechanism of phenol

bonization at the optimum operating condition with 1800 adsorption, three kinetic models are selected in this study. These
magnification. Pores of different size and different shape coulghechanisms are described as follows.

be observed. It can be seen from the micrographs that the exter-
nal surface of the chemically activated carbon is full of cavities.3 5 ; ;. Lagergren model. Lagergren proposed a pseudo-first-

The reason for the formation of the cavities on the ZACl order kinetic model6,10,12,22] The integral form of the model
activated carbon is not clear. According to the micrograph, ifg

seems that the cavities resulted from the evaporation of ZnCl

during carbonization, leaving the space previously occupied bjog(ge — ¢) = logge — —29¢ (3)

the ZnCh. The carbonization temperature for chemical activa- 2.303

tion was too low to cause the agglomeration of the char structurevhereq is the amount of phenol sorbed (mg/g) at tim(ein),
Since the carbonization temperature for physical activation ige the amount of phenol sorbed at equilibrium (mg/g) &hd
high (900°C), caking and agglomeration occurred on the chaiis the equilibrium rate constant of pseudo-first-order adsorption

ge18 2aku 10um

Fig. 4. SEM micrographs of thE grandis sawdust (a) before and (b) after carbonization (at80060 min, 200% chemical ratio).



128 K. Mohanty et al. / Chemical Engineering Journal 115 (2005) 121-131

m 10 mg/l
® 25 mg/l
A 50 mg/l
v 100 mg/l

80
0.0
75

Phenol removal, %
S ) 4] @D [+] ~
[4)] (=] o o (3] (=]
T —7r r r r 1 rr+r 117 T
\\
log (9.-9)

40
—a—10 mg/l
—e—25mg/l
—A—50 mg/l

351 —w— 100 mg/l

n 1 M 1 " 1 " 1 " 1 " 1 " 1 " 28 N 1 N 1 M 1 M 1 o 1 N 1
0 50 100 150 200 250 300 350 400 ) 50 100 150 200 250 300
Contact time, min Time, min

Fig. 5. Effect of contact time on percent removal of phenol (adsorbent  Fig. 6. Kinetics of phenol removal according to the Lagergren model.

dose =5gm/l).

time between adsorbent and adsorbate does not pass through the
Srigin. This deviation from the origin or near saturation may be
perhaps due to the difference in the rate of mass transfer in the
initial and final stages of adsorpti¢®,25]. Further, such devia-

3.2.1.2. Pseudo-second-order model. The adsorption Kinetics +jon from origin indicates that the pore diffusion is not the only
may also be described by a Pseudo-second-order reaction. Thge controlling stefi8]. It may be seen frorfig. 8it may be

(min~1). This model was successfully applied to describe th
kinetics of many adsorption systems.

linearized-integral form of the modg$,10,12,22]s seen that there are two distinct regions—the initial pore diffusion
t 1 1
—=_——s+—t (4)
g9 Kaqg  qe . 10mgl
e 25mg/l
wherek, is the pseudo-second-order rate constant of adsorption. 1200 ?gomgnﬂ
v mg/

3.2.1.3. Diffusion model. The intraparticle diffusion model is
based on the theory proposed by Weber and M{ri0,12,22] 1000
According to this theory

q = kg1 5) 800

where kg is the rate constant of intraparticle diffusion
(mg/g min1/2),

The applicability of the above three models can be exam- = 600
ined by each linear plot of log — q) versust, (t/q) versust,
andg versus’2, respectively and are presentedrigs. 6-81In
order to quantify the applicability of each model, the correlation 400
coefficient R?) was calculated from these plots. The linearity of
these plots indicates the applicability of the three models. How-
ever, the analyses of the correlation coefficieR& §howed that 200
the experimental datakf > 0.998) fit the pseudo-second-order
model (an indication of a chemisorption mechanism) better the
experimental data than the pseudo-first-order mokréng- 0
ing between 0.963 and 0.986). The intraparticle diffusion was
also involved in the adsorption of phenol by activated carbons
(Fig. 8). The linear portion of the plot for a wide range of contact Fig. 7. Kinetics of phenol removal according to pseudo-second-order mode!.

I 1 L 1 " 1 L 1 " 1 n 1 L 1 L
0 50 100 150 200 250 300 350 400
Time, min
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Fig.8. Kinetics of phenol removal according to the intraparticle diffusion model. Fi9- 9 Langmuirisotherm model: adsorbenteless gm/l, temperature = 2&.
q | for ff foll dbvthei _ IWhere the intercept lhis a measure of adsorbent capacity and
ue to external mass transter eftects followed by the intraparticlg, ¢ gione 14 is the sorption intensity. The isotherm data fit the

diffusion [8,26] Freundlich model wellg2 = 0.9998). The values of the constants
kand 1/ were calculated to be 0.0191 and 0.954. Since the value

3.2.2. Adsorption isotherms of 1/nis less than 1, it indicates a favorable adsorpfidh22]
Several models have been used in the literature to describe the
experimental data of adsorption isotherms. The Langmuir and 15

Freundlich models are the most frequently employed models. In
the present work both models were used.

The phenol sorption isotherm followed the linearized Lang-
muir model as shown ifrig. 9. The Langmuir equation relates
solid phase adsorbate concentratigy) (the uptake, to the equi-
librium liquid concentratione) as follows:

KLbCe
= 6
e <1+bce) (©)

whereK| andb are the Langmuir constants, representing the
maximum adsorption capacity for the solid phase loading and
the energy constant related to the heat of adsorption, respectively.
It can be seen from figure that the isotherm data fit the Lang-
muir equation well R? = 0.9998). The values df,_ andb were
determined from the figure and were found to be 13.45 mg/g and
0.001321/mg, respectively. These values are in well agreement
with the values reported by several authid@,22]

The phenol adsorption isotherm followed the linearized Fre-
undlich model as shown ifig. 10 The relation between the
phenol uptake capacitye’ (mg/g) of adsorbent and the resid- Y] AP R S R TR S R

ual phenol concentratiorCe’ (mg/l) at equilibrium is given by 2025 30 3'5lnc4‘° 45 50 585

Inq,

INge =Ink + } InCe ©) Fig. 10. Freundlich isotherm model: adsorbent ete$gm/l, tempera-
n ture=25C.
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orbort dooe of adsorbent could have taken an important role in the adsorp-

90 A —a—1gl tion of phenol and exchange mechanism might have influenced
—e—5g/

—a—10g/ markedly[10,22]

ok 4. Conclusions

This study has demonstrated that high surface area activated
carbons can be prepared from the chemical activatiGhgtin-
dis sawdust with ZnGlas activating agent. For the carbonization
of the ZnC} treated sample, the release of moisture and ZnCl
represents most of the evolution, indicating that Zzn@ays an
important role in retarding tar escape during carbonization. The
r washing process following carbonization with Za®ks a sig-
nificant influence on the surface properties of resulting char. It
was found that acid washing is a necessary step for the prepara-
- tion of high-porosity carbons.

Study of various parameters during chemical activation
revealed that the most important variable is the ratio of chemical
- agent to the nut precursor. The other important operating vari-

L] ables with adirect effect on the porosity development are temper-
ature and carbonization time. Under the experimental conditions
L investigated, the best conditions for the production of high sur-
face area activated carbon frdfingrandis sawdust by chemical
activation are: chemical ratio (activating agent/precursor) of
pH 200%, carbonization time of 1 h and carbonization tempera-
ture of 500°C. At this optimal condition, the BET surface area
and micropore volume obtained were 585 grnd 0.442 crifg,
respectively.

3.2.3. Effect of pH on removal of phenol The batch adsorption tests indicate that Thgrandis saw-

The adsorption of phenol by activated carbons obtained bgust derived activated carbon had a good adsorption capacity for
ZnCl, activation was studied at various values of pH. The experphenol from aqueous solutions. The kinetics of phenol adsorp-
iments were performed for an initial concentration of 100 ppmtion followed nicely the pseudo-second-order rate expression.
and for different adsorbent doses (1, 5 and 10gm/l) and th&he Langmuir and Freundlich models also fit the isotherm data
results are shown iRig. 11 It is clear from this figure that the well. Solution pH has great effect on the uptake of phenol. The
percentage adsorption of phenol increases with the increase @fata thus obtained may be helpful for designing and establishing
pH from 2.0 to 3.5 and decreases thereatfter. It is important that continuous treatment plant for water and wastewaters enriched
the maximum adsorption at all the concentrations takes place at phenol.
pH 3.5.

This behavior can be explained considering the nature of thd cknowledgements
adsorbent at different pH in phenol adsorption. The surface of the
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