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Abstract

Hevea brasiliensis or rubberwood tree, as itis commonly known finds limited use once the latex has been tapped. The sawdust of this tree is
chosen to ascertain it viability as a precursor for activation. The carbons thus obtained were characterized in terms of iodine, methylene blue
number and surface area. The best carbon in each method was utilized to study the adsorption of Bismark Brown, a dye used in the leather
industry. Adsorption equilibrium studies were carried out with the synthetic solutions of the dye, at room temperature (298 K). Equilibrium
data are fitted with the Langmuir and the Freundlich isotherms models for the system. The effects of contact time, adsorbent dosage and initial
dye concentrations on sorption capacity were carried out. Excellent adsorption capacities of 2000 and T1Merggbtained for steam
and chemical followed by steam-activated carbons, respectively. Pilot-plant experimental studies have been performed using packed-bed
column with different feed concentrations, flow rates and bed heights, to evaluate sorption of Bismark Brown on steam-activated carbon. Bed
depth service time (BDST) design model have been used to analyze the data.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction wood[14], sagaurj15], rubberwood16], maple[17], mix-
ture of wood[18], brich wood[19], Prosopis cineraria [20]
Wastewater from textile and dyeing industries contains and Babbool woodR1].
residual dyes, which are not readily bio-degradable are the Activated carbons can be produced from carbonaceous
major contributors to water pollution and poses serious threatmaterials, such as wood, coconut shell, anthracite, bitumi-
to the environment. Increasing stringent legislation on the nous coal, etc., by physical or chemical activation. Physical
decontamination of wastewater has created an interest conactivation is generally carried out at elevated temperatures
cerning the use of activated carbons for this purpose. In recentbetween 750 and 110C using oxidants, such as stef2d],
years, there has been an increasing interest in the use of ligcarbon dioxidd23] or mixture of these gas¢®4]. Chemical
nocellulosic materials, mainly wood sawdust, as the starting activation is usually carried out by impregnating the pre-
material in activated carbon production by various activation cursor with activating agents, such as phosphoric B,
methods. Activated carbon from various sources of sawdustzinc chloride[25] and alkaline metal compound26,27]
includes beecli], pine[2—4], yellow poplar and white oak  and pyrolyzed between 400 and 8@ in the absence of
wood [5,6], wood char[7], mahogany[8,9], medium fiber oxygen.
board[10], coconut tre¢11], Indian rose wood12,13], jack Rubber tree Hlevea brasiliensis) is mainly grown for its
latex and cut down when it becomes unproductive. These are
* Corresponding author. Tel.: +91 44 22203506; fax: +91 44 22352642, then used as particleboards, fiberboards, packing materials
E-mail address: velan@annauniv.edu (M. Velan). and other products. To enhance the value of this bio-waste,
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Nomenclature

b Langmuir constant (L mg?)

CAC chemical-activated carbon

CcC commercial-activated carbon

CSAC chemical followed by steam-activated carbon

Ch allowable dye concentration at breakthrough
point (mg L™1)

Ce dye concentration at equilibrium (mgt)

Co initial dye concentration (mgt?)

G dye concentration at timg(mg L)

k rate constant of adsorption (L mgh—1)

ke Freundlich constant (mgd) (gL~1)"

M mass of the activated carbon (g)

n Freundlich constant

No adsorption capacity per volume of bed
(mgmL~1)

ge adsorption capacity at equilibrium (mgl)

0o Langmuir constant (mg )

SAC  steam-activated carbon

Ty time of the dye solution treated at breakthrough
(h)

14 volume of the dye solution (L)

Vb volume of the dye solution treated at break-
through (L)

V4 bed height (cm)

Zo critical bed height (cm)

v linear flow rate through the bed (cmH)
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Table 1
Proximate analysis of RWSD

Properties wit% (wet basis)
Moisture 7.95

Fixed carbon 24.15

\olatile 62.91

Ash 4.95

2.2. Adsorbates

Bismark Brown (a cationic dye) was used for the
adsorption studies. Bismark Brown R (BB) (Cl 21010,
Amax=468 nm) was supplied by Ranbaxy, Mumbai, India.
Double distilled water was used for the preparation of all solu-
tions. The molecular formula of BB dye is;gH24Ng2HCI.

The structural formula of the BB dye was shownFigy. 1

The HCI group in the structure reduces the pH towards acidic.
Hence, the basic adsorbent will have more affinity for adsorp-
tion of BB dye.

2.3. Analytical techniques

lodine number was defined as the mg of iodine per gram
of carbon was determined by ASTM D 4607-86 metf2&]
and methylene blue number was determined by BIS 877-
1977[29] standard. The BET surface area of the activated
carbons were obtained from the adsorptions efdi77 K,
using Sorptomatic 1990, CE instruments. The concentration
of Bismark Brown in the solution was obtained by measuring
OD at 468 nm kmax) using a Hitachi UV-vis spectropho-
tometer (U-2000).

preparation of activated carbon has been attempted. The2.4. Batch adsorption studies

objective of the present work is to study the adsorption of
Bismark Brown (a cationic dye) using rubberwood sawdust
(RWSD)-activated carbons prepared by various activation

Adsorption experiments were initiated by placing a known
guantity of activated carbon and 50 mL of the prepared solu-

methods. The batch adsorption experiments were comparedion into a glass-stoppered flask. The carbon loading was

with commercial-activated carbon (CC). Columnar studies
were carried out selecting the carbon that yielded larger BET
surface area and the break through profiles were obtained

varied between 0.01 and 0.06g and initial concentration
between 100 and 1200 mgL. For analysis in the linear
Beer—Lambert region, the concentrated solutions were suit-

The data were analyzed using the bed depth service timeably diluted. The flask was placed in an orbital shaker, which

(BDST) design model.

2. Experimental
2.1. Adsorbents

The carbonaceous precursor used in the study was RWSD
a bio-waste product procured from Coimbatore (India). Prox-
imate analysis of RWSD is presented Table 1 The
RWSD was first carbonized then activated by chemical, steam
or chemical followed by steam-activation processes. The
description of preparation of activated carbon is summarized
in Table 2

was held constant at revolution of 180 cyclesminPre-
liminary experiments has shown that the adsorption process
attains equilibrium in 7 h for the activated carbons in the
presentstudy. Dye concentrations in the supernatant solutions
were estimated by measuring the absorbance at maximum
wavelengths of dyes using UV-vis spectrophotometer. The

X

Fig. 1. The structural formula of the Bismark Brown R dye.
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Table 2

Description of the production of activated carbons from RWSD

Carbon type Process description

Chemical activation carbon (CAC) The char was impregnated with phosphoric acid of 0.45 IR (g phosphorous: g precursor) and
activated in fixed bed at 40C for 1 h

Steam-activation carbon (SAC) The char was activated in a fluidized bed reactor @@ 7&®01 h with steam flow rate of
4mLmin-t

Chemical followed by steam carbon (CSAC) The char was impregnated with phosphoric acid (0.45) IR and activated in a fluidized bed at

800°C for 1 h with steam flow rate of 5 mL mirt

equilibrium adsorption capacitiegd) at different solute con-  Table 3
centrations were determined according to mass balance of thé:haracterization of RWSD-activated carbons prepared by various methods

adsorbate (Eq21)): Carbon type lodine number Methylene blue SBET
(mgg™) number (mgg*) (m*g™h)
ge = (Co—CV (1) CSAC 1052 375 954
M SAC 765 255 1092
- S CAC 835 255 822
whereC, and Ce are the initial and equilibrium concentra- 850 210 1095

tions of the dye (mg t1), respectivelyy the volume of the
agueous solution (L) ant¥ is the mass of activated carbon
used (g) in the adsorption.

The pH of the solution was varied using HCI or NaOH  jon (Fig. 2). Nearly, 120 min for SAC, CAC and CC and
depending uponthe required pH. Itwas observed thataddition300 min for CSAC are required for equilibrium adsorption
of NaOH caused a precipitate to be formed while addition of {5 g dye. Therefore, the equilibrium time was set conser-
HClI to the solution changed the color of the solution visibly. vatively at 7 h for all the experimental runs. Frdfy. 2, it
Hence, it was necessary to carry out the batch and columnyyas gbserved that the sorption capacity is very fast initially
adsorption studies at the solutions natural pH4.6). for the activated carbons except CSAC.

CSAC, chemical followed by steam-activated carbon; SAC, steam-activated
carbon; CAC, chemical-activated carbon; CC, commercial-activated carbon.

2.5. Column studies 3.3. Effect of initial concentration

A glass column of 30 cm height and 1.8 cminternal diam-  The effect of initial concentrations of the dye solution on
eter was used to carry out the column studies. The columnthe amount of BB dye adsorbed was studied. 0.05 g of acti-
was packed with the steam-activated carbon (SAC); care wasvated carbon samples was added to each 50 mL volume of
taken to avoid air entrapment. The adsorbate was pumped UpBB dye solution. The initial dye concentrations were var-
flow through the bed using a peristaltic pump. Experiments jed between 100 and 1200 mgt. The experimental results

were carried out varying flow rate (5, 10 and 15mL i) of sorption of BB on various activated carbons at various
the height of the packed-bed (5, 10 and 15cm) and dye con-concentrations are shown Fig. 3. The sorption capacity at
centrations (100, 200 and 300 mg?). equilibrium increases from 100 to 1456, 1085 mg gvith

an increase in the initial concentration from 100 to 1200,
1600mg -1 for SAC and CSAC, respectively. The sorp-
3. Results and discussion

n
o
o
o

-300
3.1. Characterization of prepared carbons

Y
()
o
o

The resulting chemical-activated carbon (CAC) and chem- 200
ical followed by steam-activated carbon (CSAC) samples
were washed till the pH of the carbons was neutral and SAC
was found to be pH 8.0. These carbons were characterized by
their iodine, methylene blue numbers and BET surface area

are presented iable 3

(mgg)
>
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Amount of BB dye adsorbed

0 50 100 150 200 250 300 350
3.2. Effect of contact time Contact time (min)

Sorption of BB dve on the various activated carbons pre- Fig. 2. Effect of contact time on the removal of BB dye from various acti-
P y p vated carbons from RWSDConditions: 20 mg carbon dosage; SAC and

pared from RWSD was studied as a function of contacttime in csac 1200 mg 2 dye concentrations; CC and CAC 100 migiidye con-
order to determine the equilibrium time for maximum adsorp- centrations;¢) SAC; (J) CSAC; (&) CC; (O) CAC.
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Decrease in sorption of 2500-1195, 1500-1072, 275-98 and
225-97mg g for SAC, CSAC, CC and CAC for 10-60 mg

of carbon dosage, respectively. Similar results were observed
by Garg et al[12] and Banat et al[30] for methylene blue
dye adsorption by Indian rosewood sawdust and date pits,
respectively. The theoretically calculated amount of BB dye
adsorbed by varying carbon dosages using Langmuir and
mass balance equations are showRion 4.

1500

~ 1000+

(mgg

500 -

Amount of BB dye adsorbed

3.5. Adsorption models

0CF T T T :
0 400 800 1200 1600
Initial concentration (mg L) To facilitate estimation of the adsorption capacities the
o SACED SACCal O CSACE® — oo csACCal two well—knoyvn equilibrium adsorption mode!s, Freundllch
ACCExp ————CCCal © CACEXP --vre-- CAC Cal and Langmuir, were employed. The Freundlich equation is

an empirical one and the Langmuir equation assumes the
Fig. 3. Effect of initial concentration on the removal of BB dye from various maximum adsorption occurs when the surface is covered by
activated carbons from RWSonditions: carbon dosage, 50 mg; Exp, the adsorbate. The Freundlich moﬁEB,9,30] which is an

experimental; Cal, calculated. indication of surface heterogeneity of the sorbent, is given by

the following linearized Eq(2):
tion capacity at equilibrium increases from 89 to 390 mg g

and from 79 to 271 mgg with an increase in the initial e = kiCa'" )
concentration from 100 to 600 mgtk for CC and CAC,
respectively. It is clear that the sorption capacity of BB dye
is higher for SAC and CSAC when compared to CC and
CAC. For SAC and CSAC carbons 1200 mgLof dye con-

centratlton tf"md for CAhC and fC CfcatLbons; 1 dqo m%l:a f ?ﬁ' N i whereks andn are Freundlich constants related to adsorption
concentration were chosen for further studies. The theore I'capacity and intensity, respectively. The valuesoandn

cally calculated amount of BB dye adsorbed by varying initial are in the range 54-1003 (mg} (gL~ and 3.07-8.58,

concentrations using Langmuir and mass balance equation?espectively'(able4. Since the value of constamts greater

are shown irFig. 3 than unity, it indicates a favorable adsorption for all activated
carbons studied.
3.4. Effect of adsorbent dosage The other model, the Langmuir equatjdn8,9,30] which

is valid for monolayer sorption onto a surface with a finite
The effect of adsorbent dosage on BB dye uptake was nymper of identical sites expressed as @j.

investigated by varying the adsorbent dose for various acti-
vated carbons. It was observed that increase in adsorben;le _ QobCe 4)
dosage, sorption capacity decreases as showhign 4. 1+bCe

Eq. (4) can be rearranged to linear form:

Eqg. (2) can be rearranged to linear form;

logge = logks + €)

n |Og Ce

3000+ 11500
g 2 C_ 1  Ce (5)
5 2500 o +1250 g e 0ob ' Qo
© =
o = 2000 "1000A% where Q, is the amount adsorbed per unit mass of adsor-
g > 1500 750 & @ bent corresponding to complete monolayer coverage on the
595 A surface bound at higiCe and b is the constant related
s 'Y r500 g to the affinity of binding sites. The values of Langmuir
2 5004 250 S constantsQ, andb are in the_ range of 164—2900 mo'y
5 . . 2 and 0.22-0.07 L mg!, respectively Table 4. Using these

o 10 20 30 40 50 60 70 Langmuir constants and mass balance equation, theoretical
Carbon dosage (mg) amount of BB dye adsorbed per gram of carbon were deter-
mined and compared with experimental d&m§. 3 and %
The essential characteristics of a Langmuir isotherm can
be expressed in terms of a dimensionless separkti8P],

Fig. 4. Effect of carbon dosage on the removal of BB dye from various acti- the type of isotherm and is defined by Ea)
vated carbons from RWSonditions: SAC and CSAC 1200 mgt! dye 1

concentrations; CC and CAC 100 mgt.dye concentrations; Exp, experi- R =
mental; Cal, calculated. 1+ bC,

& SACExp SACCal o CSACExp — - —CSAC Cal
A CCExp ——-—-CCCal O CACExp  ------- CAC Cal

(6)
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Table 4
Adsorption constants for the sorption of Bismark Brown dye
Adsorbent Freundlich Langmuir

ke (mgg ™) (gL~ n R? Qo (Mgg ™) b(Lmg) R? R
SAC 1003 8.58 0.85 2000 0.07 0.98 0.012
CSAC 598 9.68 0.89 1111 0.11 0.99 0.008
cC 103 4.02 0.97 303 0.19 0.99 0.05
CAC 54 3.07 0.73 164 0.22 0.97 0.043

whereb is a Langmuir constant an€, is the initial con-
centration of BB dye (1200mgt! of initial concentra-
tion of BB dye for SAC and CSAC and 100mgt for
CAC and CC, respectively). IR >1 unfavorableR =1
linear, O<R_ <1 favorable,R_ =0 irreversible. Regression
values R?) and R| presented irTable 4indicate that the
adsorption data onto various activate carbons fitted well with
the Langmuir isotherm and the adsorption is on favorable
side.

It was observed that SAC and CSAC exhibit better per-
formance for the adsorption of BB dye. These results show
that one of the most important adsorption mechanisms
involves the interaction between the delocalizedlectrons

15 cm bed has slightly gradual curve than other bed heights.
Increasing the bed height indicates a linear increase of break-
through time.

3.7. Effect of flow rate on packed-bed

The breakthrough curves of various flow rates (5, 10
and 15 mL min1) at constant bed height of 5 cm and initial
concentration of 100mgt! is shown inFig. 6. It can
be seen that the lower flow rate (5mLmih) has steep
curve when compared to higher flow rate (15mL mijp
The T}, for various flow rates of 5, 10 and 15mL mih
are 10, 7 and 1.5 h, respectively. This clearly indicates that

on the carbon surface and the free electrons of the dyewhen increasing the flow rate, breakthrough time decreases;

molecule. A similar result was observed by Pereira et al.
[31].
The results showed that the performance of carbon pro-

therefore, the volume of the dye solution treated decreases.
This shows short contact time between the dye molecules
and carbon adsorption sites not having enough time for

duced in the present study was much better when comparedyiffusion. A similar trend was observed by Netpradit et al.

to the results reported by Chao et[&82] and Bhatnagar and

Jain[33] for the adsorption of Bismark Brown Y on to chi-
tosan (48.8 mggt) and Bismark Brown R on to blast furnace
sludge (85 mggl), respectively.

3.6. Effect of bed height on packed-bed

The breakthrough curves of,/C, versus time for
SAC packed column for various bed heights (5, 10 and
15 mL min 1) at constant flow rate of 5mL mirt and ini-
tial concentration of 100 mgt! is shown inFig. 5. Break-
through time {,) for various bed heights of 5, 10 and 15cm
are 10, 21.5 and 34.5 h, respectively. Breakthrough curve for

Fig. 5. Effect of bed heights on packed-bed for SAConditions:
Co=100mg L-%; flow rate, 5mL mirr?; (¢) 5¢cm; (J) 10cm; (&) 15cm.

[34].
3.8. Effect of initial concentration on packed-bed

The effect of various initial concentrations (100, 200 and
300mg 1) of breakthrough curves at constant flow rate
(5mLmin~1) and bed height (5cm) is shown ifig. 7.
Increasing the initial concentrations decreased the break-
through time to 10, 6.5 and 4.25 h, respectively. At higher
concentrations, the carbon bed is saturated within 2 h, hence,
the breakthrough curve is very steep. A similar trend was
observed by Walker and Weathe[BB].

Time (h)

Fig. 6. Effect of flow rates on packed-bed for SAConditions:
Co=100mg L=%; bed height, 5 cm;f) 5 mL min~1; (0) 10 mL min~1; (A)
15 mL min2,
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Ci/Co

25 30 35 40

20
Time (h)

Fig. 7. Effect of initial concentrations on packed-bed for S&Guditions:
flow rate, 5mL mirr®, bed height, 5 cm;) 100 mg L™1; (0) 200 mg L1;
(A)300mg Lt

3.9. BDST model

The bed depth service time model proposed by Bohart and
Adamg[36] and later linearized by Hutchii37] and McKay
and Bino[38] offer the simplest approach and most rapid
predictions of adsorber performance. Bohart and Ad@6is
proposed a relationship between the service tlinand bed
heightZz:

|n @ _

NOZ (Cb )

Ty = - 7
b Cov kCo ()

This equation is called the bed depth service time design
model as suggested by Hutchins. Eg) has the form of a
straight line:
Th=mZ—-C (8)
Adsorption capacityX,) and rate constank) can be found
from slope () and interceptZ) by plotting data o}, versus

Z. Co andCy, are the initial concentration and desired break
through concentration (5% of the inlet feed concentration)
was determined. The critical bed depthcan be calculated
from the relationship of E((7) by letting 7, = 0 and solving

from Z:
C

Zo = s In =0 _ 1

kNo Cp
Once the BDST relationship is established experimentally
by running at least three bed heights at the same flow rate
and concentrations, it is possible to predict the service times
for different v (linear flow rate through the bed) from the
following equation:

()

wherem! andv! are the new slope value and new flow rate,
respectively. Sincé is not affected by a change of the
intercept remains unchanged. For differéfyt the service

©)

Vv

. (10)
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Fig. 8. BDST plots for various flow rates for SACConditions:
Co=300mg L%; (¢) 5mL min~ experimental; [0) 10 mL min! exper-

imental; (A) 15 mL min~! experimental; (—) predicted.

time can be found from following Eq$11) and (12)

mt=m (gg) (12)
0
In (Cé — 1)
C Co
ézc(%)m(*-) (12)

Cp

whereC! and C} are the new intercept value and new con-
centrations, respectively.

3.10. BDST with variation in flow rates and
concentrations

Comparison of experimental and predicted service times
for various flow rates at constant dye concentration of
300mg L1 and for various dye concentrations at constant
flow rate of 10mLmim! on BDST model are shown in
Figs. 8 and 9respectively. The break through point for
BDST calculations in this study was fixed at 5% of the inlet
feed concentration. The service time obtained was maxi-
mum as low flow rate and low initial concentration. The
predicted service times for various flow rates and various

351
304

254

time (h)

8 154
s o
3 101
5,
O T T T T 1
0 5 10 15 20 25

Bed height (cm)

Fig. 9. BDST plots for various dye concentrations for S&Guditions: flow
rate, 10 mL min'; (¢) 100 mg L= experimental;[J) 200 mg L= experi-
mental; (A) 300 mg L1 experimental; (—) predicted.
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Table 5
Effect of flow rate on BDST model
Flow rate v(cmh1) No (mgmL~1) k(Lmg1h™h) Zo (cm) Adsorption capacity
(mL min—1) of SAC (mgg?)
5 108.6 32.58 0.009 1.09 712
10 217 37.43 0.013 1.31 800
15 325.2 29.27 0.009 3.63 556

Conditions: Co=300mg L.

Table 6

Effect of initial concentration of dye on BDST model

Concentration No (mgmL~—1) k(Lmg~th™1) Zo (cm) Adsorption capacity
(mgL™h) of SAC (mgg?)

100 33.64 0.035 0.54 925

200 44.49 0.005 2.87 1125

300 37.43 0.008 2.13 800

Conditions: flow rate = 10 mL min'%; linear flow rate () =217 cmhL.

dye concentrations have agreed well with the experimental [2] R.L. Tseng, F.C. Wu, R.S. Juang, Liquid-phase adsorption of dyes
data Figs. 8 and ¥ The critical bed depth7y), the adsorp- and phenols using pine wood based activated carbons, Carbon 41
tion capacity §o) and the rate constant)(were calculated (2003) 487-495.

. . [3] Y. Mufioz, R. Arriaganda, G. Soto-Garrido, R. GascPhosphoric
and shown inTables 5 and 6However,No andk did not and boric acid activation of pine sawdust, J. Chem. Technol. Biotech-

show consistent trend for variation of flow rates and initial nol. 78 (2003) 1252-1258.

concentrations. For various flow rates and concentrations, the [4] I. Mahmut Ozacara, Ayhan éhgilb, Adsorption of metal complex
values ofN, andk is in the range of 29.27-44.49 mg mb dyes from aqueous solutions by pine sawdust, Bioresour. Technol.
and 0.005-0.035 L nigf h~1, respectively. The similar trend 96 (2005) 791~795.

[5] M. Jagtoyen, F. Derbyshire, Activated carbons from yellow poplar
was observed by Walker and Weather[ey—’]’ when they and white oak by HPO, activation, Carbon 36 (1998) 1085-

adsorbed the acid dyes on granular-activated carboninafixed  1g97.

bed column. The maximum adsorption capacity of BB dye [6] M.S. Solum, R.J. Pugmire, M. Jagtoyen, F. Derbyshire, Evolution
on SAC by batch experiment3dble 4 is higher than the of carbon structure in chemically activated wood, Carbon 33 (1995)
column experimentsTables 5 and 6 This clearly indicates 1247-1254.

. . [7] F.T. Matthew, W.M. David, Steam pyrolysis activation of wood char
that the contact time between the dye solution and adsorbate ™" ;- superior odorant removal, Carbon 41 (2003) 2195-2202,

were not sufficient. Therefore, the batch system provides bet- [g] p.k. malik, Use of activated carbons prepared from saw dust and
ter interaction between carbon and dye. rice-husk for adsorption of acid dyes: a case study of acid yellow
36, Dyes Pigments 56 (2003) 239-249.
[9] P.K. Malik, Dye removal from wastewater using activated carbon
4. Conclusion developed from sawdust: adsorption equilibrium and kinetics, J. Haz-
ard. Mater. B113 (2004) 81-88.

From the results of the present work, it can be said that: [10] Q. Gan, S.J. Allen, R. Matthews, Activation of waste MDF saw-

. . . . dust charcoal and its reactive dye adsorption characteristics, Waste
(i) the bio-waste rubberwood sawdust is efficient for the Manage. 24 (2004) 841-848.

removal of Bismark Brown dye; (i) the adsorption pro- [11] k. Kadirvelu, M. Kavipriya, G. Karthika, M. Radhika, N. Vennil-

cess follows the Langmuir isotherm, showing monolayer amani, S. Pattabhi, Utilization of various agricultural wastes for
coverage of dye molecules at the outer surface; (iii) the activated carbon preparation and application for the removal of dyes
adsorption Capacity of Bismark Brown dye increases in the and metal ions from aqueous solutions, Bioresour. Technol. 87 (2003)

129-132.
orderof CAC < CC < CSAC < SAC carbons. However, steam- [12] V.K. Garg, M. Amita, R. Kumar, R. Gupta, Basic dye (methylene

activated carbon has a very high adsorption capacity of blue) removal from simulated wastewater by adsorption using Indian
2000mgg?! when compared to commercial-activated car- rosewood sawdust: a timber industry waste, Dyes Pigments 63 (2004)
bon; (iv) the BDST design model is capable of describing 243-250.

and predicting the performance of packed-bed column in the [13] VK. Garg, G. Renuka, Y. Anu Bala, K. Rakesh, Dye removal from

adsorption of Bismark Brown dve using steam-activated car- aqueous solution by adsorption on treated sawdust, Bioresour. Tech-
P y 9 nol. 89 (2003) 121-124.

bon. [14] V. Sivanandan Achari, T.S. Anirudhan, Phenol removal from aqueous
systems by sorption on jackwood sawdust, Indian J. Chem. Technol.
2 (1995) 137-141.
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