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Abstract: Modified Raphia hookerie waste (CMRH) was prepared and utilized for the
uptake of rhodamine B (RhB). The adsorbent was characterized using Fourier transform
infra red (FTIR), Brunauer— Emmett-Teller (BET) and Scanning Electron Microscopy
(SEM). FTIR analysis revealed functional groups such as C-N, C-OH and S-H which
are good adsorption site for cationic toxicants. The surface area of the modified Raphia
hookerie was observed to be low (6.25 m?/g), however modification was observed to
increase the surface area of adsorbent when compared with that of raw Raphia hookerie
(0.04 m%g). The sorption data fitted better into the Freundlich adsorption isotherm than
the Langmuir, the maximum sorption capacity q, as obtained from the Langmuir
adsorption parameters was 357.14 mg/g. Sorption energy obtained for Dubinin—
Radushkevich (D-R) isotherm for the adsorption process was found to be less than 8 KJ
mol™ which suggest that uptake of RhB onto CMRH was physical in nature.

Key words: Raphia hookerie, Modification, Adsorption, Rhodamine B, BET, SEM,
FTIR.

1.0 Introduction water generated from dye
Textile industries use large volume preparation, spent dye bath and
of water in their various operations washing processes usually contribute
and manufacturing stages hence a larger percentage of the textile
discharge large volumes of waste industries waste water. Dye poses
water into the environment. Waste various threats to the environment
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and also the most difficult
constituent of the textile waste water
to treat [1]. Various types of dyes
such as acidic, basic, reactive, azo,
diazo, anthraguinone base-metal
complex are in use in textile
industries and these dyes are usually
characterized by high molecular
weight and complex chemical
structures hence showing low level
of biodegradability [2,3].

Various conventional methods exist
for the treatment of industrial waste
water, which are characterized by
economical disadvantages and/or
ineffectiveness in the removal of
very low concentration of pollutants.
Adsorption unto activated carbon is
characterized by simple operation
and design. Activated carbon has the
ability to adsorb broad range of
pollutants and its fast adsorption
kinetics makes it superior to other
conventional methods [4].

Low cost adsorbent have been
utilized as alternative adsorbent to
activated carbon which is prepared
from expensive precursors thus
making them very expensive. Low
cost adsorbent which is captured
within  the ‘green  chemistry’
enhances environmental
sustainability and can remove very

low concentration of toxicants at a
very low cost. However surface
modification or functionalization
could greatly improve the sorption
capacity of biomaterials [5].

Raphia hookerie is a member of the
aracacea or Palmacea family. Other
members of this family such as the
cocos nucifera have been utilized as
low cost adsorbent and as precursors
for activated carbon preparations and
they have been found to be very
effective [4,6,7,8]. However, to the
best of our knowledge no report is
available for the use of Raphia
hookerie as either low cost adsorbent
or precursor for activated carbon
preparation. Therefore the aim of this
work is to prepare a modified low
cost adsorbent from the epicarp of
Raphia hookerie (cysteine modified
Raphia  hookerie : CMRH),
characterize the prepared adsorbent
and to apply same in the uptake of a
cationic dye (rhodamine B: RhB).

2.0 Materials and methods

All reagents were of analytical grade,
cysteine was supplied by Sigma
Aldrich and Rhodamine B was
supplied by BDH. Characteristics of
RhB is as shown in Table 1 and
structure of RhB in Figure 1.

Table 1: Properties of rhodamine B.

Parameters Values
Suggested name | Rhodamine B
C.l number 45170
C.l name Basic violet 10
Class Rhodamine
Amax 554nm
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Molecular
formula Ca2sH31N205Cl
Formula weight | 479.02

Figure 1: Structure of Rhodamine B (a) Cationic

2.1 Preparation of sorbent

2.1.1 Cysteine modified Raphia
hookerie

Epicarps of Raphia hookerie were
collected from local farmers in
Mokogi, Edu local government area
of Kwara state, Nigeria. It was
thoroughly washed to remove dirts and
dried in an oven overnight at 105°C. It
was then pulverized and screened into a
particle size of 150-250um. Cysteine
modification was done according to the
methods described by Faghihian and
Nejati-Yazdinejad, [9], 10 g of biomass
was suspended in 100 cm® cysteine
solution (pH 4.8), the mixture was
agitated for 12 hours, filtered, washed to
neutrality and dried at room
temperature. The dried Cysteine
modified biomaterials were stored in air
tight containers.

(b) Zwitterionic

2.1.2 Characterization of CMRH

CMRH was characterized using
scanning electron microscope
(SEM), energy dispersive X-ray
(EDX) and Fourier transform
infrared (FTIR) and Brunauer—
Emmett-Teller (BET).

2.1.3 Batch adsorption studies

Batch adsorption studies with respect
to initial pH, initial  dye
concentration, adsorbent dosage and
temperature were carried out.
Adsorption processes were
performed by agitating a given dose
of the adsorbent with 100 cm?® of
RhB solution of desired
concentration in different 250 cm®
flasks in a temperature controlled
water bath shaker. A shaking speed

of 130 rpm was maintained
throughout the experiment to achieve
equilibrium.  Desired pH was

obtained by adding HCI and NaOH
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(0.1M). Samples were withdrawn at
different time intervals, centrifuged
and the supernatant was analyzed for
change in dye concentration using a
UV-Visible spectrophotometer. The
Amax OF RhB was earlier obtained to
be 554nm Dby scanning using
different concentrations of RhB
solution in a Beckman Coulter Du
730 UV/Vis spectrophotometer. All
readings were taken in triplicates and
the mean considered in data analysis.
The quantity of dye adsorbed at a
given time g; (mg/g) and percentage
dye removed were calculated
according to the mathematical
expressions below;

G =(Ci=C)xV 1)
M

% Removal = (C;—Cy) x100 (2)
Ci

Where C; and C; are concentrations

of RhB in solution at initial and at

time t, V is the volume in liter and M

is the weight of the adsorbent in g.

2.5 Desorption experiment

In  order to investigate the
leaching/desorption of RhB from
CMRH, deionized water, 0.1M HCI
and 0.1M CH3COOH were used as
desorbing agents. 0.1 g of fresh
adsorbent was added to 100 cm® of
100 mgL™ RhB solution at pH 3.0
and shaken for 50 minutes. The
RhB-loaded sorbents were separated
by centrifugation and the residual
RhB concentration were determined
using spectrophotometer as earlier
described. The RhB loaded sorbents
were washed gently with water to

remove any unadsorbed dye and
dried. The desorption process was
carried out by mixing 100 cm® of
each desorbing agents with the dried
sorbents and shaken for a
predetermined time and the desorbed
RhB was determined
spectrophotometrically. The
desorbing efficiency was then
calculated using the mathematical
relation below;

Desorption efficiency (%) = (¢ X
100 (3) Qad

Where qqe is the quantity desorbed
by each eluent and g is the quantity
of RhB adsorbed during the loading.

3.0 Results and Discussions

3.1 Characteristics of the prepared
Adsorbents

3.1.1 Physicochemical parameters
and Surface Morphology

Table 2: Characteristics of CMRH

Parameters Values
CMRH

pH 5.72

pPzC 6.00

Bulk density 0.24

Moisture content

(%) 3.33

Ash content (%) 3.70

BET surface area

(m?/g) 6.25

Average pore

diameter(nm) 784.20

Table 2 depicts the characteristics of
CMRH, the surface areas of the
sorbent is observed to be low, low
surface area is the characteristics of
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agro waste and this has been
previously  reported Dby others

[10,11]. Figure 2 (a and b) shows the
topography of CMRH before and
after dye adsorption, CMRH was
observed to have tiny perforations
and deep hollows like crevices of a
mountain (Figure 2a). However after

Deep hollows with tiny
perforations on hollows

Figure 2: SEM micrograph of CMRH (a) before dye sorption
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dye adsorption the adsorbate covered
the surface of the pores earlier
observed (Figure 2b). EDX spectrum
(Figure 3) shows that CMRH contain
69.04% carbon, 29.79% oxygen and
0.73% of calcium, the presence of
Ca®* present a possibility of ion
exchange with cationic species.

05:50:21 PN IS

(b) after dye sorption
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Figure 3: EDX spectrum of CMRH
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3.1.2 FTIR analysis

Intense bands were observed at
1237.90 cm™, 3279.45 cm’ and
1033.41 cm™which corresponds to
C-N stretching, O-H of alcohol and
C-OH stretching vibrations
respectively (Figure 4a). Other bands
were observed at 2911.79 cm™ and
2580.87 cm™ which corresponds to
C-H stretching and S-H from
cysteine. After adsorption, there was
a shift of C-N, C-H, C-OH and —OH

bands to 1246.06 cm™, 2935.76 cm™,
1047.38 cm™ and 3421.83 cm?
respectively  (Figure 4b). This
suggests that these functional groups
participated in the adsorption of RhB
[12]. New peaks were also observed
at 1593.25 and 1735.99 cm™ (Figure
4b) which corresponds to
carboxylate ion and aromatic rings
from RhB.

wmher

Figure 4: FTIR ébécffa of CMRH (a) Before dye adsorption and (b) After dye

adsorption

3.2 Effects of pH

Percentage adsorption was observed
to increase gradually from pH 2 to 3
and decreased gradually as the pH
increased (Figure 5). Optimum pH
was observed at pH 3, maximum
adsorption was recorded to be
74.55%. The pKa of RhB is 3.7 and
above this pH deprotonation of the

carboxyl functional group occurs
(Figure 1a). Attraction between the
carboxylate ion (Figure 1b) and the
xanthene groups results in the
formation of dimers of RhB thereby
resulting in decreased adsorption.
Optimum  adsorption of RhB
between pH 3 and 4 has previously
been reported by research [13,14].
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Figure 5:Effect of pH on the percentage removal of Rhodamine B by CMRH
[Adsorbent dose (1gL™), agitation speed (130 rpm), agitation time (120
minutes), Temperature (26+2°C), Adsorbate concentration (100 mgL™)].

3.3 Effect of concentration and contact time

=50 mg/L

== 100 mg/L

200 mg/L
=300 mg/L
=== 400 mg/L

1
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Time (minute)

Figure 6: Effects of contact time and initial dye concentration on the uptake of
RhB unto CMRH
[Adsorbent dose (1 gL™), agitation speed (130 rpm), Temperature (26+2°C), pH

3)].

Figures 6 depicts the sorbate- 1), The uptake of RhB onto CMRH
sorbents interactions as a function of (figure 6) was observed to be rapid
time and concentration (50-400 mgL" initially and gradually tends to
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equilibrium. Quantity sorbed at a
given time t (q;) increased with
increase in initial dye concentration,
equilibrium was attained at 40
minutes for initial RhB concentration
of 100, 200 and 300 mgL™ and at 50

3.4 Effects of Adsorbent Dosage

minutes for 50 mgL™ and 400 mgL™.
The amount sorbed at equilibrium
increased from 46.88 mgg™® for
initial dye concentration of 50 mgL™
to 266.67 mgg’ for initial dye
concentration of 400 mgL™.

100 -

95 -

90 -

85 -

% Sorbed

80 -
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70 . .

Dosage (g/L)

3 4 5 6

Figure 7: Effects of sorbent dosage on the uptake of RhB unto CMRH
[Initial concentration (100 mgL™), agitation speed (130 rpm), Temperature

(26£2°C), pH (3)].

Figure 7 depicts the percentage adsorbed as related to adsorbent dosage.
Percentage adsorbed increased from 75% to 93.75% from 1 to 3 and to 4 gL
adsorbent dose, however there was equilibrium between 4 gL™ and 5 gL™.
increase in available surface area resulted into increase in percentage adsorption.

90



Covenant Journal of Physical and Life Sciences (CJPL) Vol. 2, No. 2. December, 2014.

3.5 Effects of Temperature and Thermodynamic Studies

2
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0.00315  0.0032
1/T (k1)

0.00325 0.0033 0.00335

Figure 8: Effects of Temperature on the uptake of RhB unto CMRH
[Initial concentration (100 mgL™), agitation speed (130 rpm), Adsorbent

dosage (1gL™), pH (3)].

Figure 8 shows the effect of
temperature on the adsorption of
RhB onto CMRH, the uptake of RhB
was observed to decrease from about
85% to about 69% as the temperature
increased from 303 to 323 K.
Thermodynamic parameters AG°,
AH® and AS°, which are important in
determining the feasibility,
spontaneity and the nature of
adsorbate-adsorbent interactions,
were calculated. The thermodynamic
parameters were obtained using the
mathematical relation below;

InKo= AS® - AH®  (4)
R RT
AG® = -RTInK, ()

Where K, is given as ge/Ce, T is the
temperature in Kelvin and R is the
gas constant. A plot of InK, versus
1/T gave a linear plot (Figure 8) and
AH® and AS° were calculated from
the slope and intercept respectively.

Negative enthalpy (AH’= -37.82 KJ
mol™) obtained indicates that the
adsorption process is exothermic in
nature. The negative values of AS° (-
109.35 Jmol™K™) indicate decrease
in the randomness at the solid-liquid
interface during sorption of RhB
onto CMRH and the high negative
value of AS° suggests stability of
RhB on the surface of CMRH. The
values of AG® obtained were -4.443,
-4.108 and -2.222 KJ mol™ for 303,
313 and 323 K respectively. The
negative values of AG® suggest that
the sorption process was
spontaneous; more negative values at
lower temperature suggest that
sorption process at lower
temperature was more spontaneous.
Similar trends have been reported by
other researchers [11,15].
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3.6 Adsorption Kinetics

Sorption data were tested using the
pseudo-first-order, pseudo-second-
order and the intra particle diffusion
models in order to establish the best
kinetic model and mechanism that
best describe the adsorption process.

3.6.1 Pseudo-first-order kinetic

The pseudo first-order kinetic model
of Lagergren given by the
mathematical expression below [16];

In(Qe-ar) = InQe — kit (6)

Where . and q; are quantities
absorbed at equilibrium and at time t
respectively (mgg™), and k; is the
rate constant for the pseudo-first-
order sorption (min™®). A plot of
In(ge—q;) against t for various
concentrations of RhB resulted in
linear graphs with negative slopes
(Figure 9). ki and the calculated
quantity  adsorbed  (Qca)  Were
determined from the slope and
intercept respectively (Table 3). The
Jcar Values for each concentration
were observed to vary considerably
from the experimentally determined
quantity adsorbed (Qexp) Values. This
suggests that the data does not fit
well into this kinetic model.

3.6.2 Pseudo-second-order kinetic

The pseudo-second-order kinetic
model given by the mathematical
expression below [17];

do/dt = Ka(Qe-0)? @)

Where K; is the rate constant of the
pseudo-second-order equation in g
mg® min?, g is the maximum
sorption capacity in mg g and g
(mg g™) is the amount of sorption at
time t.

Integration and rearrangement of
equation (7) above will give a linear
form

t/o = 1/koQe’ + 1(t)/qe (8)

A plot t/g; against t gave linear
graphs (Figures 10) and the values of
ge and k, were calculated from the
slope and intercepts of the graphs.
The R? values obtained were higher
than those obtained for the pseudo-
first-order Kinetics and there was a
good agreement between the e
calculated and the g, experimental
(Table 3). This shows that the
pseudo-second-order kinetic fits the
sorption data better.
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6 Pseudo-first-order plot for the uptake of RhB onto CMRH
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Figure 9: Pseudo-first-order plot for the uptake of RhB onto CMRH
[Initial concentration (50-400 mgL™), agitation speed (130 rpm),
Adsorbent dosage (1gL ™), pH (3)].

1.4 4 pseudo-second-order plot for the uptake of RhB onto CMRH
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Figure 10: Pseudo-second-order plot for the uptake of RhB onto
CMRH [Initial concentration (50-400 mgL™), agitation speed (130
rpm), Adsorbent dosage (1gL™), pH (3)].
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3.6.3 Intra-particle diffusion model
The intra-particle diffusion model
given by the  mathematical
expression below [18];

qt = Ky tV2 + C (9)

Where g; (mgg™) is the amount of
RhB dye absorbed at time t and Kgis

C explains the thickness of the
boundary layer, the larger the
intercept the greater the boundary
layer effect. A plot of qg; versus t*°
gave a linear graph (Figure 11) and
the values of the R? ranges 0.7643 to
0.9621 (Table 3) suggesting that the
sorption of RhB unto CMRH may be

(mgg™min™?) is the rate constant for controlled by intra-particle diffusion
intra-particle diffusion. The value of model.
300 -
X
250 -
200 X X X
= 450 mg/L
S,
£ 150 M 100 mg/L
& / 200 mg/L
100
<300 mg/L
0 T T T T 1
0 2 4 6 8 10
t12 (min/2)

Figure 11: Intra-particle diffusion model for the uptake of RhB onto CMRH
[Initial concentration (50-400 mgL™), agitation speed (130 rpm), Adsorbent

dosage (1gL™), pH (3)].

Table 3: Comparison of Pseudo-first-order, Pseudo-second-order and intra

particle diffusion kinetic model

Constants Initial concentration

CMRH

50 100 200 300 400
qe experimental (mg L-l) 4688 7483 14366 20570 26667
Pseudo-first-
order
e calculated (MQL™) 36.33 54.05 76.35 11249 127.68
Kix 107 (min?) 527 1252 1092 1161  ©.88
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R® 0.90 0.98
Pseudo-second-order

e calculated (mg L'l) 52.36 78.74
K,x 10°3(gmg’

'min™) 2.20 4.74
R® 0.96 0.99
Intra particle diffusion

C x 10% (mgg™) 0.11 0.29
Kair(mgg ™ min?)  4.78 6.92
R? 0.96 0.76

149.25

0.99 0.99 0.97

212.77  271.77

3.40 2.50 1.35
0.99 0.99 0.99

0.75 1.13 1.29

1059 14.08  20.26
0.82 0.86 0.89

3.7 Adsorption Isotherms
Adsorption  isotherm  can  be
described as an invaluable curve that
describes the phenomenon governing
the retention (or release) or mobility
of a substance from the aqueous
porous media or aquatic
environments to a solid-phase at a
constant temperature and pH. The
adsorption data were tested using the
Langmuir, Freundlich and Dubinin—
Radushkevich  (D-R)  isotherm
models.

3.7.1 Langmuir isotherm model
The linearized Langmuir adsorption
model expressed by the
mathematical expression below [19],
Ce=Ce+1
Je Qo QoKL

Where C. is the concentration of
RhB dye in the solution at
equilibrium (m-L™Y), qe is the
concentration of RhB dye on the
adsorbent at equilibrium (mg-g ™), go
is the monolayer adsorption capacity
of adsorbent (mg-g ') and K is the
Langmuir  adsorption constant
(L-mg™). A straight line graph is

expected for the plot of C¢/ge versus
Ce with slope 1/q, and an intercept of
1/9oK. . Figure 12 depicts plot of
Ce/qe versus C. for the uptake of
RhB unto CMRH. Values of g, and
K_ are calculated and reported in
Table 4. The favorability of the
adsorption  process was  also
confirmed by calculating the
dimensionless equilibrium parameter
(RL) expressed by Equation (11)
below;

Ro= 1 (11)
1+K.C,

Where C, is the highest initial dye
concentration in  solution. The
adsorption process is said to be
favorable if

R. value falls between 0 and 1 i.e (O
< R < 1), linear when R = 1,
irreversible when R, = 0 and
unfavorable when RL > 1 [19]. The
value of R_ obtained is reported in
Table 4 (R_ =0.134), this suggests
the favorability of the adsorption
process. The maximum monolayer
adsorption  capacity (Qmax) Was
obtained to be 357.14 mgg™.
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Figure 12: Langmuir isotherm plots for adsorption of RhB unto
CMRH at different initial dye concentrations. [pH = 3, dose = 1

gL™" and temperature (26+2°C)]

3.7.2 Freundlich Isotherm Model

The linearized form of Freundlich
model is expressed according to the
mathematical expression below [20];

log e = - log Ce + log Ky (12)

Where ge is the amount of RhB dye
adsorbed at equilibrium (mg-g™%), Ce
is the equilibrium concentration of
the adsorbate (mg-L™!); K; and n are
constants incorporating the factors
affecting the adsorption capacity and
the degree of non-linearity between
the solute concentration in the

solution and the amount adsorbed at
equilibrium respectively. The Plots
of log ge against log C. gave a linear
graph (Figure 13) with R? of 0.916.
Comparing the R? values of
Langmuir and Freundlich isotherms,
the adsorption data fits the
Freundlich model better (Table 4).
The values of K; and n obtained from
the slopes and intercepts of the graph
are also reported in Table 4. The
values of n were observed to be
greater than 1 which suggests that
the sorption process is favorable.
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Figure 13: Freundlich isotherm plots for adsorption of RhB unto
CMRH at different initial dye concentrations. [pH = 3, dose = 1 g/L

and temperature (26+2°C)]

3.7.3 Dubinin-Radushkevich (D-
R) isotherm model

D-R model is a more general model
that does not assume a homogenous
surface or constant adsorption
potentia, D-R  model gives
information about sorption
mechanism, whether chemisorption
or physisorption [21] and it is given
by the mathematical expression
below;

Inge =1Inqgo - BE (13)

Where ¢ is the amount of RhB ions
adsorbed per unit weight of
adsorbent (mgg?), qo is the
maximum sorption capacity, B is the
activity coefficient related to mean
sorption energy E  (KJmol™)
(equation 15) and € is the Polanyi

potential. € is expressed by equation
14;

1
€=RTIn(l +=) (14)

E=.,1/28 (15)

Where R is the gas constant (Jmol™
K™y and T is the temperature (K). B
(mol?Jol®) and g, can be obtained
from the slope and the intercept of
the plot of In ge vs €2 respectively.
The plot of In g vs € is presented in
figure 14 and the calculated
parameters listed in table 4. The
calculated E value was obtained to
be 1.943 KJmolsuggesting that the
uptake of RhB by CMRH is physical
in nature [22].
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Figure 14: Dubinin—Radushkevich (D-R) isotherm plots for adsorption of RhB
unto CMRH at different initial dye concentrations. [pH = 3, dose = 1 gL™ and

temperature (26+2°C)]

Table 4: Parameters of Langmuir, Freundlich and D-R adsorption isotherm
for the uptake of RhB on to CMRH.

Isotherms constants CMRH
Lagmuir Omax (Mgg™) 357.14
K. (L.mg™) 0.02
R 0.13
R? 0.76
Freundlich Kt 23.78
n 2.18
R 0.92
DRK 9o (Mgg™) 111.94
B (mol®.KJ?) 0.13
E (KJmol™) 1.94
R 0.98

3.8 Desorption of RhB from
CMRH

Desorption studies gives an insight
into the mechanisms of Biosorption
and the possibility of regeneration of
the adsorbent. In the case of CMRH-
RhB  system, the desorption
efficiency for all the eluent used was

not more than 25%, with water
having the highest desorption
efficiency (25%) followed by HCI
(21.67%) and then acetic acid
(8.33%). Since highest desorption
efficiency was achieved using
neutral pH water, this suggest that
most of the dye molecule adsorbed
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by CMRH had a weak attachment to
the surface of the adsorbent [12].

3.9 Conclusion

Optimum adsorption was obtained at
pH 3, increase in temperature from
303K to 323K decreases adsorption
capacity of CMRH from about 85%
to about 69%.

Pseudo-second-order kinetics better
describe the adsorption process while
the adsorption data fitted better into
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