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initial concentration, and flow rate.
The experimental data were in good agreement with both Thomas and
Yoon-Nelson models.

l. Introduction

Dyes used across textile, pulp and paper, dye and dye
intermediate, pharmaceutical, tannery and kraft
bleaching industries are considered one of the
important organic contaminants introduced to the
natural water resources or wastewater streams [1].
This is alarming both from toxicological and
esthetical perspectives and hence the treatment of the
dye effluents before discharging them to water
bodies is crucial [2].

Dyes according to their application divide to types of
the vat, reactive, direct, acidic, disperse and cationic
[3]. Acid orange 2 is located in a group of azo dyes
[4]. Azo dyes are one of the artificial dyes important
groups that are used for low cost, solubility, and high
stability in many textile industries [5].

Dyes are generally resistant to light, water, oxidizing
agents and many chemicals and therefore difficult to
degrade once released into the aquatic systems. Azo
dyes are the largest and most versatile class of
organic dye-stuffs. These contain one or more azo
bonds (-N=N-) as a chromophore group in
association with aromatic structures containing
functional groups such as —OH and —SO3H. The
complex aromatic structures of azo dyes make them
more stable and more difficult to remove from the
effluents discharged into the water bodies [6].

The produced dye wastewaters in textile industries
are usually toxic, non-biodegradable and resistant in

the environment [7]. The discharge of dye
wastewaters in the receiving waters led to the
eutrophication phenomenon [8]. Dyes have the
property of carcinogenic and mutagenic and cause
allergy and skin problems too [8]. Direct discharge
of textile industry wastewater, into the sewage or in
the environment causes the sludge formation layers
with containing fiber [9].

Because of the very low biodegradation ability, the
existence of dye-making materials, detergents, and
glues in textile wastewater disrupts the biological
treatment process [6,9]. The resistance of dyes
against detergent materials, sunlight, and oxidation
is the cause of its low removal in the conventional
treatment systems [9]. There are various methods for
dye removal from wastewater. These methods
consist of coagulation and flocculation, biological
treatment, chemical oxidation, electrochemical
treatment, ion exchange and adsorption [10,11]. The
adsorption process has been noticed nowadays for
low cost, facility in operation and insensibility into
toxic material as a suitable technique in the removal
of dye, but the usage of expensive adsorbents can be
reckoned a limiting factor [11]. Different adsorbents
such as activated carbon, date fibers, sawdust, grain
chaff, rice husk, and cytosine have been used for dye
removal [12]. The activated carbon as the most
common and most efficient adsorbent material has
been known, but because of the high costs
production and reduction, its commercials' form in
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the developing countries cannot use as a proper
option.

Large quantities of coffee grounds are generated
each year and constitute a significant source of
agricultural waste. Such by-products corresponding
to this loss are however likely to be of considerable
economic interest. It proves, thus, important to
develop such waste. To work out adsorbent materials
starting from agricultural waste makes it possible on
the one hand to eliminate them and on the other hand
to optimize the output and the manufacturing costs
of the exploitations. The use of the coffee ground in
the water treatment polluted by the industrial wastes
of textiles such as the organic compounds (dyes)
perhaps an interesting way of valorization of these
materials.

Application of adsorption techniques for large scale
wastewater treatment usually employs continuous
operations, such as fixed-bed units, as this allows for
large volumes of contaminated water to be treated
within a shorter period. These units may be easily
scaled up from laboratory to pilot unit, and the
process is easy to monitor and operate [13].

The effects of main variables, such as flow rate, dye
concentration and bed depth on orange acid
adsorption were presented. To predict the
performance in the column, the experimental data
were processed with the Thomas model, Bohart-
Adams model, and Yan model.

I1. Materials and methods

11.1. Preparation and characterization of coffee
grounds

The coffee ground used is scented soft. This waste is
washed with distilled water then dried with drying
oven (MELAG) with 110 °C for 24 hours It is then
filtered to retain the fraction higher than 500
microns.

Characterizations of the adsorbent were carried out
to understand the physicochemical properties of the
adsorbent, the coffee grounds were characterized
using various techniques. (Nicolet 560 FTIR) was
used to record the FTIR spectrum in the range 4000
cm? — 400 cm™. The surface morphology of the
adsorbent was observed by using an electron
microscope with sweeping MEB (QUANTA 650) ;
The crystal structure of the adsorbent was
determined by X-ray diffraction (XRD) analysis
using a Philips (x'pert) 2-theta diffractometer
(Panalytical, Almelo, Netherlands) at a wavelength
of 1.54 pm and 2-theta range 5-120° under Cu
radiation.

11.2. Fixed bed column adsorption experiments

fixed-bed column adsorption experiments were out
using a laboratory-scale fixed-bed column system to
predict the column breakthrough (1,5 cm inner
diameter and 25 ¢cm in height) with a bed depth of

0,32 cm (0,372 g), 1cm (0,73 g), and 2cm (1,545 g),
respectively. A porous sheet was attached at the
bottom of the column to support the adsorbent bed.
The experiments were conducted by pumping OA 11
solution in downflow mode through the fixed-bed
column with a peristaltic pump (see figure 1). The
temperatures of all experiments were 20°C. Samples
were collected at regular time intervals in the
adsorptive process. The concentration of OA 11 in the
solution ~ was analyzed using a UV
spectrophotometer (Shimadzu uv
spectrophotometer UV-1800) by monitoring the
absorbance changes at a wavelength of maximum
absorbance 490,5 nm.

The effects of three factors on OA 11 adsorption were
studied: (i) solution flow rate was adjusted at 3, 5 and
8 mL min? while OA Il concentration and depth
were held constant at 20 mg.L? and 1cm,
respectively; (ii) OA 1l concentration was adjusted
at 20, 50, and 100 mg.L™* with 5 mL min* flow rate
and bed depth 1cm; and (iii) bed depth was adjusted
at 0,5, 1, and 2 cm with 5 mL min? flow rate and
OA 11 concentration 20 mg.L™.

2 3 T4

Figure 1. Schematic diagram of a fixed-bed column
(1) Fixed-bed column, (2) sample collector, (3)
peristaltic pump and (4) sample solution

The saturation capacity for the coffee grounds in
the column studies was calculated by the
following equation:

ge =qofV" (Co-C) dv/m (1)

Where ge is the equilibrium OA |l uptake or
maximum adsorption capacity of the column
(mg.g?), Co is the initial OA 11 concentration of
the solution (mg.L%), C is the OA I
concentration of the solution (mg.L?), the
solution concentration (C) from the column that
reaches about 10% of the initial concentration
(Co) is the breakthrough point. And t, (min) is
the time to the breakthrough point. The volume
Ve(L) of solution required to reach the
exhaustion point (C/Co= 90%) in the column
studies was calculated by the following
equation:

Ve(L)= Qte 2

Where te (min) is the time to the exhaustion
point.
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The total mass of OA Il adsorbed, gtotal (mg)
can be calculated by the following equation:

Qtotal = (eM (3)

The removal percentage of OA Il can be
obtained from the following equation:

Y (%)=0otat /(CoVE)X100% (4)

The (EBCT) represents the empty bed contact
time

ECBT (min)= bed volume (mI)/Q(mL min) (5)

I11. Results and discussion

I11.1. characterization of adsorbent

The FTIR spectrum shown in figure (2) confirms the
presence of these functions. For the amide function,
a band around 3338 cm™ is observed. There is a band
around 1742 cm* for C =0 stretching, for the amine
function, there is a band around 1240 cm
characteristic of C-N stretching. We can also note the
bands at 2922 cm™ and 1644 corresponds to C = C
stretching.

Figure 2. SpectrumnIR of coffee grounds

Table 1. Characterization of coffee grounds by
infrared spectroscopy (IR)

Sample | Wavenumber Bond
(cm™)
3338.11 O-H bound
2922.89 C-H
2853.53 C-H
1644.61 Cc=C
aromatic
Coffee 1520.02 C=0/N-H
grounds 1455.9 Cc=C
1376.33 OH
deformation
1240.74 C-0O/C-N
1028.5 C-OH
806.9 =C-H

A

Figure 3 shows the scanning electron microscopy
(brand QUANTA 650) of the adsorbent (coffee
grounds). As can be seen in fig 3, the coffee grounds
surface presents a porous structure with many
cavities with different size and morphology,
indicating a porous structure of coffee grounds.
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Figure. 3. Photographs with the M.E.B of the
coffee ground

X-ray diffraction analyzes as a powerful tool was
used to study the crystal structures of the coffee
grounds, the result is shown in figure 4.

the six broad peaks observed in the diffractogram at
around 25,71°, (37,67°, 40,41° , 43,82° ), 72,19°,
88,25° correspond respectively to silicium oxide
SiO2 (hexagonal structure), calcium fluoride CaF;
(cubic  structure), calcium carbonate CaCOs
(rhombohedral structure).

Figure 4. X-ray diffraction (XRD) pattern of coffee
grounds

111.2. Fixed bed column adsorption experiments
111.2.1. Effect of bed depths

—@—0,5cm
1,5 —@—1cm
2cm
1
o
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o
O
0
0 500 1000
-0,5

Time (minutes)
Figure. 5. Effect of bed-depths on the breakthrough
curve of OA Il adsorption on coffee grounds.
Conditions : Initial OA Il concentration, 20 mgL™;
Flow rate, 0.35 mLmin'’; Temperature, 298K.
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The breakthrough curves at different bed depths
from 0,5 to 2cm with a flow rate of 0,35 mL min
and an initial orange acid Il concentration of 20 mg
L at 298 k are shown in Fig. 5. As the bed depth
increased from 0.5 to 2cm, the exhaustion time (tc)
reaching exhaustion point increased from 330 to 750
min. showing that the coffee grounds bed of greater
depth was saturated more slowly than that of a lower
depth. Whereas the slope of the breakthrough curve
decreased with the bed depths, which resulted in a
broadened mass transfer zone. As shown in Table 1.
with an increase in bed depth, the Ve increased due
to the more contact time, and the removal efficiency
(YY) of orange acid Il increased from 18.6% to 99%
as well. The total masses of adsorbed orange acid 11
(9 totar) ON coffee grounds bed were 23.09, 41.99, and
52.49mg respectively, when the bed depths were 0.5,
1, 2cm, respectively. It demonstrated that the bed
depth strongly affected the total adsorbed amount of
orange acid Il. The increase in orange acid Il
adsorption with the increasing bed depth in the fixed-
bed column might be due to the increased adsorbent
doses in larger beds, which provided greater service
area (or adsorption sites). The values of breakthrough
time (t,) obtained were 330, 300 and 240 min,
respectively. The increase of breakthrough time with
increasing bed depth from 0.5 to 2cm was due to the
increase of EBCT from 3.39 to 10.85 min, which
permitted orange acid Il to diffuse more into the
interior of the coffee grounds. It could be suggested
that, with increasing bed depth or EBCT, the mass-
transfer zone formed would move down the bed,
spending more time contacting adsorbent in the
column. The results obtained were found to be
similar to those reported by other workers [14-17].

111.2.2. Effect of flow rates

the breakthrough curves of OA 11 at various flow
rates from 0.18 to 0.53 MI min with a bed depth of
1cm and an initial OA 11 concentration of 10 mg.L*
at 298 k are shown in Fig. 4. When the flow rates
increased from 0.18 to 0.53 mL min?, the
breakthrough time decreased rapidly from 360 to
150 min, showing that the breakthrough occurred
faster with increasing flow rate. As the flow rates
increased, the EBCT and the exhaustion time
decreased from 10 to 3.39 min and from 750 to 360
min, respectively. It demonstrated that the flow rate
affected the EBCT and the exhaustion time of the
breakthrough curves. This was due to a decrease in
the residence time, which restricted the contact of
OA Il solution to the coffee grounds [18]. At a higher
flow rate, the OA Il did not have enough time to
diffuse into the pores of the coffee grounds and they
passed the column fast before equilibrium occurred.
Hence, an early breakthrough occurred, resulting in
low bed adsorption capacity and low removal
efficiency (Table 2) [19,20]. When the linear flow
rate decreased, the contact time between OA Il and

coffee grounds in the column was longer, which
favored a better adsorption capacity of coffee
grounds and relative high removal efficiency (Table
2).

—e—0,18/h
—e—0,35L/h
1,2
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0,8
o
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>
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0,2
0
0 1000

. 00
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Figure 6. Effect of flow rates on the breakthrough
curve of OA Il adsorption on coffee grounds.
Conditions: bed depth, 1cm; initial OA I
concentration, 20 mgL*; temperature, 298K.

111.2.3. Effect of initial OA 11 concentrations

The effect of OA Il concentrations from 20 to 100
mg.L* with a bed depth of 1cm and a flow rate of
0.35 mL min at 298k on the breakthrough curves is
shown in Fig. 5.

When the OA 11 concentrations increased from 20 to
100 mg.L?, the breakthrough time and the
exhaustion time decreased from 300 to 150 min and
from 600 to 300min, respectively. The adsorption
process reached saturation faster and the
breakthrough time appeared earlier with increasing
dye concentration.

It can be explained that a higher concentration
gradient caused faster transport due to an increase in
the diffusion coefficient or mass transfer coefficient
[21,22]. As shown in Tablel. With an increase in OA
Il concentrations from 20 to 100 mg.L?, the
maximum adsorption capacity of coffee grounds
were found to increase from 41.99 to 52.49 mg.g?,
which may be attributed to higher OA I
concentration providing higher driving force for the
transfer process to overcome the mass transfer
resistance, whereas the removal efficiency decreased
from 99% to 49%, which might be caused by the fast
saturation of coffee grounds.

1,5
S 1 S8— 100 mg/l
<.
2 —8— 50 mg/|
S o5 g/
20 mg/I
0
0 200 400 600 800

Time (minutes)

Figure. 7. Effect of initial OA Il concentrations on
the breakthrough curve of OA Il adsorption on coffee
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grounds. Conditions: bed depth, 1cm; flow rate 0.35
mLmin; temperature, 298k.

It can be explained that a higher concentration
gradient caused faster transport due to an increase in
the diffusion coefficient or mass transfer coefficient
[21,22]. As shown in Table 2. With an increase in
OA Il concentrations from 20 to 100 mg.L™, the
maximum adsorption capacity of coffee grounds
were found to increase from 41.99 to 52.49 mg.g™,
which may be attributed to higher OA I
concentration providing higher driving force for the
transfer process to overcome the mass transfer
resistance, whereas the removal efficiency decreased
from 99% to 49%, which might be caused by the fast
saturation of coffee grounds.

111.3. Breakthrough curve modeling

The operation and dynamic response of an
adsorption column can be predicted by the
breakthrough point and shape of the breakthrough
curve. In this study Bohart-Adams, Thomas and
Yoon-Nelson models have been applied to determine
the characteristic parameters of the column.

111.3.1. Bohart-Adams model

Bohart and Adams model described the relationship

between z—o and "t" in a continuously flowing

system. The model is used for the description of the
initial part of the breakthrough curve [23,24]. The
mathematical equation of this model can be
expressed as:

t A
In (Z_O) = Kag Cot - KABNO(E) (6)
Where Co and C; are the inlet and outlet adsorbate
concentrations (mg.L™), respectively, Kag iS e

kinetic constant (L mg™ min®), Z is the bed height

(cm), po is the linear velocity (cm min't) and No is

the saturation concentration (mg L71).In (%) Was

plotted against 't' at different flow rates, bed heights
and initial concentrations of orange acid Il (Figs. 8-

10).
0,5
0 m
S o 400 600 800
20,5
5o,
5 . # 100 mg/!
W50 mg/l
15 TIME (MINUTES) 20 mg/l

Figure 8. Bohart-Adams plots for the adsorption of
OA Il onto coffee grounds: effect of initial
concentration (bed height 1cm; flow rate 0.35
mLmint)
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Figure 9. Bohart-Adams plots for the adsorption of
OA |1 onto coffee grounds: effect of bed height
(initial Concentration 20mg.L?; flow rate 0.35
ml.min%)

The values of Kag and No were calculated from the
slope and intercept of the plot, respectively. The
calculated values of Kag and No along with the
correlation coefficients (R?) are summarized in
Table 3. It is evident from Table 3 that the mass
transfer coefficient increased with an increase in
flow rate and the correlation coefficient decreased
from 0.981 to 0.933. The correlation coefficients
were found to be high for the study of flow rate
which indicated that Bohart-Adams model is
applicable for predicting the initial process of the
present system. The mass transfer coefficients
increased with both an increase in bed height and an
initial concentration of orange acid Il. The results
suggested that the owverall system Kinetics was
dominated by external mass transfer in the initial part
of adsorption in the column [25].

10
0,18l/h

S5 W0,35//h

L

S : _./:_ 0,531/h

Z o po==t

0 200 400 600 800
-5

TIME (MINUTES)

Figure. 10. Bohart-Adams plots for the adsorption
of OA Il onto coffee grounds: effect of flow rate
(bed-height 1cm ; initial concentration 20mg.L ™)

111.3.2. Thomas model

Thomas model is one the most general and widely
used model to describe the performance of the
sorption process in a fixed bed column. Thomas
model is expressed by the equation [26]:

1n(@—1)=W—mhc0t )

ct
Where Ky is the Thomas rate constant (mL min™ mg-
1), qo is the maximum sorption capacity (mg g*), m
is the mass of adsorbent (g) and Q is the flow rate
(mL min?). The values of Ky, and go can be evaluated
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from the slope and intercept of the plot of
In (g - 1) versus 't' (figs 11-13).

2
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L
oy 0,18
= I/h
P
—-6 W 0,35l/h
-8

TIME (MINUTES)

Figure 11. Thomas plots for the adsorption of OA Il
Onto coffee grounds: effect of flow rate (bed height
1cm; initial concentration 20mgL™)
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Figure 12. Thomas plots for the adsorption of OA 11
onto coffee grounds: effect of bed height (flow rate
0.35mLmin;initial concentration 20mgL™)
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Figure. 13. Thomas plots for the adsorption of OA
I1 onto coffee grounds: effect of initial concentration
(Flow rate 0.35 mLmin; bed height 1cm)

The values of K, go, and R? are presented in table 2.
As can be seen in Table 2 that the values of the
correlation coefficient (R%) vary from 0.9452 to
0.9975. The values of Thomas rate constant, Krn,
increased and the values of qo decreased with an
increasing flow rate. It was also observed that the
maximum sorption capacity (qo) decreased and K
value increased with an increase in bed height. A
similar trend has also been observed for the removal
of Cr(V1) [27]. The experimental data fitted well to
the Thomas model which indicated that the external
and internal diffusion will not be the limiting step.
When the initial concentration of orange acid Il

increased, the value of qo increased but the value of
K decreased. The reason is that the driving force
for adsorption is the concentration difference
between the adsorbate on the adsorbent and
adsorbate in the solution [28].

111.3.3. Yoon-Nelson model

Yoon-Nelson model is based on the assumption that
the rate of decrease in the probability of adsorption
for each adsorbate molecule is proportional to the
probability of adsorbate adsorption and the
probability of the adsorbate breakthrough on the
adsorbent. The linear form of Yoon-Nelson model is
expressed as [29]:

In (coc—tCt) =Kynt - TKyn (8)
Where Kyy is the Yoon-Nelson constant (min?). t is
the time required for retaining 50% of the initial
adsorbate (min) and t is the sampling time (min).
Yoon-Nelson model was applied to investigate the
breakthrough behavior of orange acid Il adsorption
onto the coffee grounds column. The linear plot of

ln( ¢t ) versus sampling time 't' at different flow
Co0-Ct

rates, bed heights, and initial dye concentrations are
shown in Figs. 14-16.

10

LN (CT/(CO-CT)
N O N B O

200 400 600 800

TIME (MINUTES)
©0,18//h M0,35l/h 0,53l/h

Figure 14. Yoon-Nelson plots for the adsorption Of
OA 11 onto coffee grounds: effect of flow rate (bed
heigh 1cm; initial concentration 20 mg.L™)
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Figure 15. Yoon-Nelson plots for the adsorption of
OA 11 onto coffee grounds: effect of bed height (flow
rate 0.35 mLmin*; initial concentration 20 mg.L™)

The values of Kyn and t were estimated from the
slope and intercept, respectively and summarized in
Table 3. As can be seen from Table 2 that the values
Kyn were found to increase with an increase in both
flow rate and initial dye concentration whereas the
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corresponding values of t decreased. With an
increase in the bed height, the Kyn values decreased
while the t values exhibited a reverse trend. Higher
values of correlation coefficients indicated that both
Thomas and Yoon-Nelson models fitted well to the
experimental data.
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6 @ 20 mg/l
=
O
8' 4 W50 mg/I
~
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= ; 100 mg/I
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2 0 200 400 600 800
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Figure. 16. Yoon-Nelson plots for the adsorption of
OA Il onto coffee grounds: effect of initial
concentration (flow rate 0.35 mLmin; bed height
lcm

Table 2. Parameters in a fixed-bed column for OA 11 adsorption by coffee grounds.

Co Z Q EBCT T To Te (total Qequattion VE Y
(mgLh (em) (mimin?) (min) (K) (min) (min) (mg) (mgg") (L) (%)
20 1 0.35 5.14 308 300 600 41.99 57.29 210 99
50 1 0.35 514 298 240 480 156.33  114.59 168 18.6
100 1 0.35 514 298 150 300 52.49 71.62 105 49
20 0.5 0.35 4 298 240 330 23.09 40.38 115.5 99
20 1 0.35 514 318 330 600 41.99 57.29 210 99
20 2 0.35 10.85 298 330 750 52.49 34.09 262.5 99
20 1 0.18 10 298 360 750 50.31 36.83 135 18.6
20 1 0.35 514 298 360 570 39.89 54.43 199.5 99
20 1 0.53 3.39 298 150 360 37.99 51.84 190.8 99

Table. 3. Parameters of the Bohart-Adams, Thomas and Yoon-Nelson models at different conditions.

parameters Kas(LmgTmin™®) No(mg.L) R?
Bohart-Adams model
Flow rate (mLmin?) 0.18 8.5x10* 43.03 0.9819
0.35 6 x10° 819.26 0.9828
0.53 105 x 10 6.88 0.9388
Bed height (cm) 05 9x 107 2237 0.9216
1 7x10° 950.72 0.9733
2 125 x 10* 2.92 0.9454
Initial concentration 20 3x10° 515.91 0.9224
(mgL?) 50 16 x 10 181 0.9578
100 17X 105 () 9800
Thomas model Krh(mLmintmg™) qo (Mg g?) R?
Flow rate (mLmin?) 0.18 18x 10* 8.33 0.9847
0.35 26 x 10* 6.57 0.9901
0.53 41 x10* 0.075 0.9816
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Bed height (cm) 0.5 32x10* 11.06 0.9917
1 24 x 10 2.057 0.9975
2 35 x 10* 1.61 0.9961
Initial concentration 20 375x10* 1.26 0.9852
(mgL?) 50 142 x 10* 0.96 0.9795
100 39 x 20'5 59.25 0.9781
Yoon-Nelson model Kyn(min™) T R?

Flow rate (mLmin?)  0.18 1.53x 10 90.1 0.9559
0.35 28 x 10 18.21 0.9595
0.53 55 x 103 4.36 0.9522
Bed height (cm) 0.5 88 x 10 12.25 0.9834
1 44 x 10 27.31 0.9694
2 1.47 x 10°® 46.61 0.9911
Initial concentration 20 34x10% 13.23 0.9827
(mgL™) 50 46 x 10°° 10.21 0.9773
100 82 x 10° 10.36 0.9981

IV. Conclusion 3. Xu, XR,; Li, HB.; Wang, WH.; Gu, JD. Degradation

fixed-bed column studies using coffee grounds to
remove orange acid Il were conducted; this study
suggested that the adsorption of orange acid Il was
dependent on the flow rate, bed height, and initial
dye concentration. The increase of breakthrough
time with increasing bed depth from 0.5 to 2cm was
due to the increase of EBCT from 3.39 to 10.85 min,
which permitted orange acid Il to diffuse more into
the interior of the coffee grounds. With the increase
in OA Il concentrations from 20 to 100 mg.L™, the
maximum adsorption capacity of coffee grounds was
found to increase from 41.99 to 52.49 mg.g™.

When the flow rates increased from 0.18 to 0.53 mL
min-t, the breakthrough time decreased rapidly from
360 to 150 min, showing that the breakthrough
occurred faster with increasing flow rate.

Thomas and Yoon-Nelson models provided a better
description of experimental kinetic data in
comparison to Bohart-Adams model.

In terms of perspectives, we plan to do the following
work:

e Show that the natural abundance of this
food waste could offer new natural support
for adsorption and help to clean up
wastewater.

e Make a comparative study of the adsorption
capacity of coffee grounds in their native
state with other adsorbents to demonstrate
their industrial and economic interest.
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