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Abstract: A caboraceous orbent prepared from the indegeneous agricultural
waste (which is facing solid waste disposa problem) Kapok Hull, by add
treament was tested for its efficiency in removing basic dyes. Batch kinetic and
isotherm experiments were conducted to determine the sorption and desorption of
the Rhodamine-B from aqueous lution with adivated cabon The fadors
affeding the rate processes involved in the remova of dye for initial dye
concentration, agitation time, and carbon dose and perticle size have been studied
at ambient temperature. The alsorption processfollowed first order rate kinetics.
The first-order rate eguation by Lagergren was tested on the kinetic data, and
isotherm data was analyzed for possble agreement with the Langmuir and
Freundli ch adsorption isotherm equations. The intraparticle diffusion rate equation
from which adsorption rate mnstants, diffusion rate cnstants and dffusion
coefficients were determined. Intraparticle diffusion was found to be the rate-
limiting step. The structura and morphdogicd of adivated cabon were
charaderized by XRD and SEM studies respedively.

Key words: Activated cabon Adsorption, Particle Size X-ray diffradion, Scanning, Eledron
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I ntroduction

Urbanizaion and industrialization are making a heavy demand for water resource This
resource needs to be cnserved and the industrial effluent is to be recycled. Therefore the
concept of reuse, recycle and reduce have been very well conceived by industries, effortsin
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this direction need to be accelerated. So far, there is no viable technology available to treat
the textile effluents and the sludge. A suitable technology with zero generation of sludge
will therefore help to contain the problem of sludge disposal. The present study is envisaged
to develop a cost effective method of treatment of textile dye by using a solid agriculture
waste, which is facing solid waste disposal problem is effectively and efficiently converted
into an activated carbon and it is utilized to study the effectiveness of the removal of color
from textile effluents. The color removal from textile effluent was attempted' and the
wastewater management studies were planned and executed®. Industrial wastewater
treatment from manufacturing chemical industries was analysed® and the chemical properties
of synthetic process * and methodologies were formulated’. Decolorizing dye with chlorine
and ozone was developed *°.

The conventional method for the removal of dyes using alum, ferric chloride, activated
carbon, lime, etc., is not economical in the Indian context. The low cost conventional
adsorbent for the treatment of industrial wastewater had been reviewed Polard et al. ’10- Some
works of low cost, non-conventional adsorbents has been carried out. Adsorbents used
include agricultural solid wastes such as saw dust '', peat mass and rice hulls '2, coconut
husk ', industrial solid wastes such as fly-ash from coal-burning industries' and
Fe(IIT)/Cr(IIT) hydroxide'®. A study on the use of wastes of biogas residual slurry and waste
banana pith which is the effective removal of Congo red, Rhodamine-B and acid violet '
bagasse and paddy straw'®, coir pith '*. Non-conventional material like chitosan *°, chitosan
fibre, thermal power waste 21, red mud 22, Silica fomes 23, Eucalyptus bark 24, Carbon from
cassava peels . Activated carbon from Jackfruit peel *°, activated Parthenium >’ palm nut
shells, cashew nut shells and Broom sticks 28, Flyash 29, saw dust 30, Coffee grounds 3 and
pine saw dust **.

The objective of the present study is to prepare and characterize quality and evaluate
the efficiency of using Kapok hull carbon as an adsorbent for the removal of dye like
Rhodamine-B. However in the present study Rhodamine-B has been subjected for color
removal using KHAC. After considering the efficiency of color removal, the study was
extended for other adsorbate and such study has not been attempted earlier. The adsorption
study was carried out systematically involving various parameters such as agitation time,
initial concentration, adsorbent dose, desorption, pH and temperature. The data generated
over this study have been tabulated and discussed. The cost of this activated carbon is
estimated and which is 10 times less than that of commercially available activated carbons.

Experimental

The kapok hull was cut into small pieces, dried in sunlight, then 60 Cfor 24 hoursin hot air
oven. The dried material is subjected for acid treatment (ratio 1:1) and kept at room
temperature overnight. Then it was washed with doubled distilled water to remove the
excess acid and kept in hot air oven at 110 C for 12 hours. Then it was taken in an iron
vessel in muffle furnace and the temperature was gradually raised to 550 C for an hour,
ground well by using ball mill and then sieved into particle size of 250,150 and 100 BSS
mesh numbers. The preparation of stock solution of dye for 1000ppm by using double
distilled water. These dye solutions were taken for adsorption studies with KHAC. The
characterization of KHAC was carried out and the results were tabulated in Table 1.

The adsorbent KHAC sieved particle size of 250BSS mesh number was magnified by
Scanning Electron Microscope (SEM) studies by using JOEL JSM 8404 Scanning
microscope as shown in the Figure 1. The X-ray Diffraction studies of KHAC were carried



Preparation and Utili zation of Kapok Hull Carbon 85

out using Rotoflux X-ray Diffradometer 20KW/20A, Model 10.61 with a
Microprocessor recorder. The XRD pattern of the KHAC is shown in the Figure 2. The
morphologicd and XRD studies clealy revealed that the alsorbent is amorphous and highly
porous in rature. From the SEM analysis it was found that there were holes and cave type
openings on the surfaceof the adsorbent, which would have more surface aeaavail able for
adsorption *2.

Table 1. Charaderistic of KHAC

S.No Parameters Obtained Result
1 pH solution 6.7
2. Moisture content (%) 24
3. Ash content (%) 1.856
4, Dewlorizing power (mg/g) 225
5, lom-exchange cgpadty 0.0415
(milli equi/g)
6.  Surface aea(m?q) 158228
7. Apparent Density (g/l) 0.42
8. Particle size (mm) 125
9. Volatil e matter (%) 120
10. Fixed carbon (%) 86.0
11 Calcium (%) 16.0
12.  Sodium (mg/g) 7.0
13.  Potassum (mg/g) 13.0
14. Water soluble matter (%) 2.0
15 HCI soluble matter (0.25N) (%) 7.0
16.  Phenol number, mg 112

Table 2 Effed of adsorbent dosage and particle size on the removal of
Rhodamine-B (100mg/l) at 300K

Carbon % Removal Log X/M Log Ce
Dose 250 150 100 250 150 100 250 150 100
100 57 43 35 -2244 -2367 -2456 -0.367 -0.244 -0.187
200 68 46 51 -2469 -2638 -2593 -0495 -0.268 -0.31
300 83 56 58 -2558 -2729 -2714 -0.77 -0.357 -0.377
400 88 71 70 -2658 -2751 -2757 -0921 -0.538 -0.523
500 97 85 89 -2712 277 -275 -1523 -0.824 -0.959

600 100 95 95 -3.041 -2.8 -2.8 - -1.301 -1.301
700 100 100 100 -3.041 -2401 -2401 - - -

The Freundlich and Langmuir isotherm studies and Lagergran kinetic studies at
ambient temperature, dye solution of various concentrations was agitated with 1g of the
adsorbent of 250, 150 and 10BSS mesh number particle size over a period d time with
constant stirring at constant pH (6.4). The cabon dasage of 100mg to 1000ng was agitated
with aknown concentration of dye solution.
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Figure 1. SEM photograph of Kapok Hull Activated Carbon (KHAC) at various
magnifications (x200, x500 and x2000

The exhausted activated carbon was used for desorption studies. The carbon
loaded with dye was sparated and gently washed with distilled water to remove any
unadsorbed dyes. The dye-laden carbons were ajitated with 100mL of neutral pH
water, 1M sulpuric acid, 1M sodium hydroxide, 10% acetic acid (v/v) and 50% acetic
add (v/v) separately for 60 min.

Results and Discussion
Langmuir Adsorption Isotherm

Langmuir adsorption isotherm is based on the asumption that, “Adsorption is a type of
chemicd combination in which adsorbate is adsorbed on the alsorbent surface ad the
adsorbed layer isunimoleaular”.

Langmuir represented the following equation, de = (Qo X bx Ce) / (1 + (b x Cg)), where,
Je is equal to the quantity of dye alsorbed in mg/g of the adsorbent, Qg is the maximum
guantity of dye alsorbed in mg/gram of the alsorbent, b and C, is the constant of Langmuir
adsorption and the dye @ncentration at equilibrium in mg/l respedively. Langmuir
adsorption parameters are determined by transforming the equation, which isin linea form.
The Linea plot of CJdge Vs C, showed that the alsorption followed Langmuir isotherm
model as $iown in Figures 3-5. The values of monolayer cgpadty ‘Q," and Langmuir
constant ‘b’ had been evaluated from the intercept and slope of these plots by using
graphicd techniques.
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Figure 2. X-ray Diffraction pattern for
KHAC
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Figure 4. Langmuir adsorption isotherm of

Rhodamine-B for 150BSS particle size
at 300K

Figure 3. Langmuir adsorption isotherm of
Rhodamine-B for 100BSS particle size at 300 K
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Figure 5. Langmuir adsorption isotherm of
Rhodamine-B for 250BSS particle size at
300K

The effect of isotherm shape has been taken into consideration with a view to predict
whether the studied adsorption system is favorable or unfavorable. The essential features of
the Langmuir isotherm may be expressed in terms of equilibrium parameter Ry, which is a
dimension less constant referred to as separation factor or equilibrium parameter’.
R;=1/(1+bCy), where C, is the initial concentration and ‘b’ is the constant related to the
energy of adsorption (Langmuir Constant). The values of R; indicate the nature of the
isotherm, if the conditions are R;>1, R;=1, O<R;<1 and R;= 0 are unfavorable, linear,
favorable and irreversible respectively. The value of Ry was less than one which showed that

the adsorption process was favorable.
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Effect of Temperature

The adsorption study was carried out for Rhodamine-B at ambient temperature. This was
mainly due to the increase in pore volume. It may be due to the adsorption increases with
increase in temperature and pores volume.

Further, the results were analysed and found that the adsorption process was
endothermic and best fitted to Langmuir adsorption isotherm model. By employing
graphical and mathematical methodologies, the Qo, b and Ry values for different particle size
for the dye was evolved and it was revealed that Ry values lay between O and 1. It was
inferred that the adsorption process followed Langmuir model and favorable for adsorption.

The free energy change (AG®), enthalpy change or total energy change (AH°) and
entropy change (AS°) values were evolved by utilizing mathematical tools and adopting the
following thermodynamic formulae,

Free energy change, AG°=—RT Inb

Enthalpy change or total energy change (AH®) can be calculated by using the
thermodynamics formula, In [b/b,] = AH° /RT

The Gibbs free energy change is, AG® = [AH® — AS°] /T

The results of AG®°, AH® and AS°® were summarized in the Table 5. The positive values
of AH° indicate that the adsorption is involved with weak forces of attraction. It was
observed that the AH® values increased with decrease of particle size. The adsorption was
found to be endothermic in nature. The positive and increased AS® values for smaller
particle size indicated that the KHAC showed greater affinity towards the dye. Further, the
negative AG® value indicated the spontaneous nature of the adsorption model.

For unimolecular reactions, the energy of activation was evolved by using the following
equation, E, = AH’ + RT

From the above it was observed that, the value of energy of activation for Rhodamine-
B, the adsorption systems was less than 42KJ/mol. Then the process was confirmed to be
diffusion controlled, or due to chemisorption. Suppose if in between 5 to 20 KJ/mol, the
sorption process was due to activated sorption, in our study of KHAC was in the range
which is confirms the activated carbon. The carbon follows Langmuir adsorption isotherm, it
had greater affinity towards the dye than carbon and the process was spontaneous. Similar
pattern of results were inferred *> .

Freundlich Adsorption Isotherm

The linear plot of log X / m Vs log C. showed that the adsorption followed Freundlich
adsorption isotherm model. The values of X/m and C. observed from the adsorption
experiments carried over by using KHAC of different particle sizes namely 100, 150 and
250BSS mesh numbers of constant mass was agitated with Rhodamine - B of known
concentration at 300k to the respective equilibrium periods are presented in Table 4. Based
upon these experiments Freundlich adsorption isotherm plot was formed by plotting log X/m
Vs log C. and it was presented in the Figure 6. The slope and intercept of this linear portion
of isotherm plots were determined by adopting graphical methodology. These slope values
had indicated adsorption intensity ‘n’ and the intercept values indicated an idea about
adsorption capacity Kg. These values were tabulated (Table 3). It was observed that the
adsorption capacity of the KHAC had increased with decrease of particle size at ambient
temperature of the dye selected for the present study.
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The asorption process the surface @ergy (e is a function of hea, Kg and n are
adsorption constants are used to explained®’. The Freundich adsorption isotherm is as
follows, go= X / m=Kg Cl":InX/m= Inge =InKg + 1/niIn C, ; where g, Ce, X and M
are alsorbed amount on the alsorbent at equili brium, equili brium concentration of dye in
solution (mg/l), amount of dye alsorbed (mg) and weight of the alsorbent used (g). The
constant K¢ represents the quantity of dye adsorbed in mg/g adsorbent for a unit equili brium
concentration which is an approximate indicator of adsorption capadty. These mnstants can
be evolved by lineaising the above equation by adopting mathematica techniques *.

Table 3 Freundli ch constants for the adsorption of Rhodamine-B
at various particle sizes at 300K

e (Bsg?rﬂtg]e) nx10 Ke X 10 R?
250 0.5015 2006 08191
150 1.2040 14675  0.0963
100 0.2151 24958 04210

Table 4 Adsorption kinetic data for dye removal with various particle sizes,
equili brium time for 120mins at 300K

Particle Size (BSS Dye oonc. g K K Dp

mesh No.) (mg/100ml) %  x10° ad P X100
5 044 733 00003 0029
10 084  7.00 00117  0.048

100 15 125 694 00186 o00sg 013
20 156  6.50 00087  0.085
5 045 750 0007 0025
10 085  7.08 0010 0047

150 15 127 106 0008 oo71 970
20 160  6.67 0009 0087
5 046  7.66 0006 0025
10 087 725 0010 0048

250 15 127 706 0006 0069 211
20 162 675 0009 0088

Table 5 Langmuir constants and thermodynamic parameters for Rhodamine-B
adsorption with different temperatures and particle size

. Q.x10
Particle Temp Inter b 2
: Slope RL DH° DG° DS°
Size K cept I/m
ept  (I/mg) (mg/g)
100 300 23058 0.1811 12732 0.4336 0.079 53008 1239 36.33

318 19691 0.1470 13395 0.5078 0.092

300 21908 0.1558 14.061 04564 0.083 2860 -9688 16429
318 20487 0.1453 14.099 0.4830 0.089
300 21791 0.1513 14402 04589 0.084

250 315 1834 00919 20527 05301 0095 5015 -3206 22648

150
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The 1/n is a measure of adsorption intensity. It was leant that, If n = 1 then that the
partition between the two phases was independent of the concentration. If the 1/n value is
below one it indicaes a normal adsorption. On the other hand 1/n being above one indicates
cooperative asorption 3*“°. It is generally stated that the value of *n' that isin the range of 2
to 10 represents good adsorption isotherm. It was also observed that the "n' values of the
adsorbent for the dye at ambient temperature, and at various particle sizes were found out
and this value is from 2 to 10 which confirmed that the adivated carbon urderwent a
favourable for Freundlich isotherm. The experimental data were dtempted to fit into
Freundlich adsorption isotherms, and it was efficiently and most effectively fitted. It clearly
indicaed that the system followed Freundlich adsorption isotherm model and the
adsorbent's surface under study were heterogeneous. The arrelation coefficient was
evolved with graphicd techniques, and it was tabulated (Table 3).

These values exhibited some deviation from lineaity, and tried to form curves. It was
clealy indicaed in the graphs under observations (Figure 6). The reason for this behavior
was that the initial curve portion represented the formation of monolayer followed by
intraparticle diffusion at later stages and final plateau portion indicate the saturation of
adsorption process It was summarized that the KHAC followed Freundlich adsorption
isotherm model, the derived "n' value for almost al dyes being in the value from 1 to 10
The graphicd studies $owed that the small deviation from lineaity, the medianism of
adsorption foll owed the formation of monolayer, intraparticle diffusion and saturation in a
favorable pattern.
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Figure 6. Freundlich isotherm curve for various particle sizes
a+100; b £ 150; c £ 250BSSparticle size

Kinetics of Adsorption

The alsorption kinetic study is quite significant in wastewater treament as it describes the
solute uptake rate, which in turn controls the residence time of adsorbate uptake & the solid-
solution interface Dosage study is an important parameter because it determines the
capadty of adsorbent for a given initial concentration of the dye solution **. In this present
investigation, the kinetics of the adsorption systems were studied by plotting the amount of
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dye adsorbed on the adsorbent with time for different adsorbent dosages at a constant initial
concentration (100mg/l), temperature 300K and particle size 250, 150, 100BSS mesh
numbers. In all the experiments, it was observed that with increase in adsorbent loading, the
fraction of dye removal increased as shown in Figures 3-5.

From the nature of the curves, the amount of dye adsorbed on the adsorbent more or
less remained constant. Moreover, the smoothness of the curves for dye adsorption showed
that the process of adsorption was continuous and involved either monolayer formation on
the adsorbent surface or monolayer coupled with other mechanisim predominantly with intra
particle diffusion. Since the increase in active adsorption sites increased with adsorbent
dosage, the amount of dye adsorbed increased with sorbent dosage. The large availability of
adsorption sites with higher adsorption dosage has a positive effect on the initial rate of dye
uptake. Similar type of trends in adsorption of dyes on different types of low cost
adsorbents were reported ' %,

Adsorption rate mnstart

Determination of efficiency of adsorption process requires a thorough understanding of
kinetics of uptake of adsorbate by adsorbent or the time dependence of the concentration
distribution of the solute in both bulk solution and solid adsorbent and identification of rate
determining step.

In order to investigate the mechanism of sorption and potential rate controlling
steps such as mass transport and chemical reaction processes, the Lagergren kinetic
model (Figures 7-9) known as pseudo-first order equation, has been used to test the
experimental data.
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Figure 7. Lagergren plot for removal of Figure 8. Lagergren plot for removal of

Rhodamine-B with particle size 100BSS Rhodamine-B with particle size 150BSS at

at 300K 300K

Pseudo— First Order Equation

The pseudo-first order equation of Lagergren is generally expressed as follows, dq / dt = K4
(qe — qy); where g, and q, are the sorption capacity at equilibrium and sorption capacity at
time and K,4 is the rate constant of pseudo — first order sorption (1/min). After integration
and applying boundary condition t = 0 to t =t and q = 0 to q = q, the integrated form
becomes, log (qe—q; ) = log gq-— [Kaq / 2.303] t.
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Data for Lagergren plots of dyes were presented in Figures 7-9. The linea plots of log
(ge— @) Vst showed that adsorption followed the pseudo first order rate expresson gven by

0 T T T T T 1
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Log (qe-0)

2 -5
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oi0 1
4 Nk e Rl
Time (mins) X 20 20
Figure 9. Lagergren plot for removal of Figure 10. Intraparticle diffusion plot for
Rhodamine-B with particle size 250BSSat the asorption of Rhodamine-B on 100BSS
30K particlesize & 300K

Lagergren. The K4 values for Rhodamine + B was cdculated from the slope of linea plots.
The rate mnstants for adsorption (1/min) of dye at ambient temperature of different particle
size ae presented in the Figures. From these observations, the KHAC follows Lagergren
pseudo first order kinetics. Similar patterns of results were reported earlier ***°,

Diffusion Studies
Pore Diffusion Coefficient (Dp)

The pore diffusion coefficient values fall between 10™to 10™ and the processis sid to be
controlled due to intraparticle diffusion coefficient %°. Similarly, if the external diffusion
coefficient value falls between 10° to 108, then the processis sid to follow external mass
transfer > *’. Based upon the assumption o Helfferich that the geometry of the alsorbent
particles is phericd in nature *2. The studies of Webber proves that the alsorption kinetics
with pore diffusion coefficient are inter related and the rate determining step is based upon
pore diffusion coefficient 3*4°,

Pore Diffusion Coefficient Dp = 0.03 (ro?) / t,,
Where, t., - Time for half-change (mins)
ro - Radius of adsorbent (cm)

The values of pore diffusion coefficients were calculated on the particles dze for
the dye and these inferences were compared with the results and it was inferred that
pore diffusion was not the rate limiting step *°. Based upon different ideas available in
literature, it is posdble to determine the nature of adsorption processwith reference to
the pore diffusion coefficient. If the values fall between 10 to 10*® (cm%s) and the
processis sid to be controlled due to intraparticle diffusion coefficient #°, but the dye
system under study showed the value in the range of 10 to 10™"° (cm?/s). These values
were presented in the Table 4.
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Intraparticle Diffusion (q)

The intraparticle diffusion rate anstant can be given as follows, g = K, T ; K, values for
the asorption of the dye ae presented in the Table 4. The rate mnstant for intraparticle
diffusion K, was céculated from the slope of the linea equation Figures 10-12.

ER =1
= =
=0.5 =05
0 T T 1 3 0 T T —=5
5 10 15 —-10 0 5 10 1 —=-10
i —=15 " ——15
T
——20 —~—20

Figure 11. Intraparticle diffusion plot for the Figure 12. Intraparticle diffusion plot for
adsorption of Rhodamine-B on 150BSSparticle the alsorption of Rhodamine-B on
size @ 300K 250BSSparticle size @ 300K

From these figures it was found that the initial sharp pation with subsequent lineaity
indicaed that more than one mode of sorption medhanism was in operation. The first sharp
portion may be due to external surface asorption stage ae instantaneous adsorption. The
seond gradual linea portion may be due to gradual intraparticle diffusion stage. The third
linear may be due to final equilibrium stage *2

The values of K, generally increased with the increase in dye concentration and it can
be related to concentration diffusion. Similar results were reported for metal ion adsorption
onto adivated carbon cloths * °*,

Initial adsorption coefficient ()

Theinitial adsorption coefficient equation can be given as.
y=(dC/dt)t,xV/MC,

Where,
dC = C.at equilibriumtime
dt = Equili brium time
V  =Volume of solution
M = Massof carbon
C, = Initial concentration (mg/l)

The values for the alsorption coefficient of the dyes are presented in the Table 4. The
initial adsorption coefficients increased with incresse in initidl dye cncentration and
therefore it is concentration dependent. From the results, an overall examination of effed of
dye @mncentration on rate mnstant K describe the mechanism of adsorption takes place In
the caes of strict surface asorption, a variation of rate should be proportiona to the
concentration. The relationship between initia solute concentration and the rate of
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adsorption was not linea. This was due to the limitation caused by pore diffusion of the
adsorption. It is clealy indicaed in the Table 4. It was concluded that pore diffusion also
limited the overall rate of adsorption.

Effect of pH

The experiments carried out at different pH show that there was no change in the percent
removal of dye over the entire pH range, except that there was 4% deaease when the pH
was lowered from 3 to 1 This indicaes the strong force of interadion between the dye and
KHAC that either H" or OH" ions could not influence the adsorption cgpadty. In other
words, the adsorption of Rhodamine-B dye on KHAC does not involve ion exchange
medhanism. If the adsorption would have occurred throughion exchange mechanism there
should have been an influence on the dye alsorption whil e varying the pH. This observation
isin line (Figures 3-5) and high positive DH® value obtained, which indicaes irreversible
adsorption probably due to non-paolar interadions.

Desorption studies

Desorption studies help to elucidate the nature of adsorption and recycling of the spent
adsorbent and the dye. If the adsorbed dye can be desorbed using reutral pH water, then the
attachment of the dye on the adsorbent is by weak bonds. If sulphuric add or alkali ne water
can desorbs the dye, then the adsorption is by ion exchange. If organic adds, like acdic acid
can desorb the dye, then the dye is held by the adsorbent through chemisorption. Neutral pH
water, 1M sulphuric add and 1M sodium hydroxide did not show any desorption of the dye.
However, 10% acdic add (v/v) and 50% acdic add (v/v) solubilized 9 and 38% of
Rhodamine-B, respedively, from the dye asorbed carbon. The non-reversibility of
adsorbed dye in mineral add o base is in agreement with the pH independent results
obtained. Desorption of dye in acdic add (organic medium) indicates that the Rhodamine-B
are asorbed onto KHAC carbon through adivated chemisorption mechanism.

Conclusion

Carbon prepared from waste Kapok hull was found to be @mst effedive in removing
Rhodamine dye-B dye from aqueous lution. The alsorption is faster and the rate is mainly
controlled by intraparticle diffusion. The surface morphology studies using SEM proves
that, it contains more pores that leads to develop more alsorption sites. The XRD pattern
confirms the amorphous nature of the alsorbent.

Since Rhodamine-B is a basic dye, it is expeded that the variation in pH will i nfluence
the asorption but the experiments carried aut at different pH show that there was no change
in the percent removal of dye over the entire pH range, except that there was 4% deaease
when the pH was lowered from 3 to 1 Thisindicates the strong force of interadion between
the dye and KHAC that either H" or OH ions could not influence the alsorption capadty.
The asorption of Rhodamine-B dye on KHAC does not involve ion exchange mechanism.
It is supparted by high positive DH® values obtained, which indicates irreversible adsorption
probably due to non-pdar interadions.

It is evident from the studies that the use of chemicdly modified Kapok hul adivated
cabon for the removal of Rhodamine-B dye is technicdly feasible and irreversible
adsorption and not influenced by addic or basic nature of dye.
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It is evident that KHAC is eco-friendly and economicdly feasible for the treament of
dye house wastewater before subjeding to reverse osmosis, there by incresse the life
expedancy of valuable resins used in this system.
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