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A B S T R A C T

One problem that convoys the industrial revolution is the worsening problem of wastewater containing dyes of
the effluents from the growing number of dye-producing industries. This study exploited the use of spent coffee
grounds (SCG) as a precursor in making activated carbon to treat water contaminated with aniline yellow dye
(AYD). The activated carbon, chemically modified using potassium hydroxide, was characterized using Scanning
Electron Microscopy and Fourier Transform Infrared Spectroscopy. The optimization of the operating parameters
in AYD removal was done using Design Expert 7.0 software through the central composite design of response
surface methodology to attain the maximum removal efficiency. The result showed that SCG activated carbon
has mesopore and micropore structures with honeycomb particle shapes. Several functional groups were iden-
tified on the surface, a good indicator as a potential adsorbent. Optimum conditions were found, which are
35 ppm initial AYD concentration, 0.6 g adsorbent dose, and 2.5 h contact time; and achieved a removal of AYD
at 88.72 ± 1.88% with an adsorption capacity of 2.58mg/g. The adsorption took place heterogeneously in
multilayer as revealed in the isotherm analysis with Freundlich as most fitted having R2 value of 0.9868. The
adsorption mechanism is dependent on the physical amount of dye adsorbate or its concentration factor as
revealed in kinetic studies with pseudo-first order as the most fitted model having R2 value of 0.9832. The overall
result demonstrated that the activated carbon from SCG is a good material in removing the dye in the con-
taminated water with huge implications for the future of treating dye-contaminated water from industries.

1. Introduction

Water pollution from industrial activities has become one of the
major environmental concerns nowadays. This reality is due to the
discharge of untreated water to various receiving water bodies. The
release of untreated water from industries had been known to be the
primary contributor to water pollution that significantly affects the
appearance and ecological balance of aquatic resources (Somasekhara
Reddy et al., 2017). One of the problems of industrial wastewater is
high dye concentration in the effluent. These dyes and pigments are
commonly used as a coloring in textiles, paints, and cosmetics that are
known as carcinogenic and mutagenic to life forms (Dakhil, 2013).
About 1.6 million tons of dyes are produced annually, as estimated
worldwide (Bing et al., 2015). Textile industry consumed dyes about
10,000 tons per year in the production (Gupta et al., 2013), and nu-
merically, about 10–15% of it is being discharged in wastewater
(Konicki et al., 2017). Industrial dye-containing wastewater brings

hazards and risks to water quality (Anastopoulos et al., 2017). Dyes in
water reduce light penetration and prevent the photosynthesis of aqu-
eous flora (Baldikova et al., 2015). Also, dyes, when mixed with water,
can cause illnesses such as allergy, dermatitis, skin irritation, and can
even provoke cancer (Dawood and Sen, 2014). One of these is an ani-
line yellow dye (AYD) that is a highly toxic and cancer-suspect agent.

Continual development of treating dye-contaminated wastewater is
among the recent concerns that challenge the academe and the in-
dustry. Hence, scientists are searching and continuously developing a
more suitable, efficient, and cheaper technique in removing the dye in
aqueous solution. Some of the methods in eliminating dye in waste-
water include coagulation (Sillanpää et al., 2018), flocculation (Du
et al., 2017), oxidation (Tan et al., 2017), and adsorption (Lavecchia
et al., 2016). Among these, adsorption using activated carbon is su-
perior because of efficiency (Mu and Wang, 2016), and high removal
efficiency (Rattanapan et al., 2017). The activated carbon’s high ad-
sorption capacity makes it more efficient in treating dye-contaminated
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wastewater (Franca et al., 2009). Thus, it becomes one of the best
available environmental control technologies of the current time (EPA,
2013).

The need to have a low-cost available adsorbent has been increasing
in demand (Pavlović et al., 2014). Coffee, with the spent coffee ground
(SCG) as wastes, is known as one of the consumed beverages world-
wide. The large quantities of SCG that are being generated in coffee
industries and consuming communities have been used as organic fer-
tilizer (Campos-Vega et al., 2015). However, scientific evidence of its
effectiveness and safety remains unknown. At present, huge volume of
SCG is still found in the garbage, causing major environmental issues
(Roff, 1973) with 6 million tons needing alternative management
(Azouaou et al., 2014). Thus, SCG can be tapped as a source of ad-
sorbent in removing basic dyes and heavy metal ions in wastewater
(Zuorro and Lavecchia, 2012). It's potential as the adsorbent is re-
markably high, considering its high lignocellulosic component
(Ballesteros et al., 2014).

This study utilized the SCG as a source of activated carbon for the
adsorption of AYD in aqueous solution. This endeavor would be a value-
adding perspective while minimizing wastes in the environment.
Furthermore, the study would optimize the removal of AYD through the
central composite design (CCD) of the response surface methodology
(RSM) using Design Expert 7.0 software. It would optimize the in-
dependent factors such as initial dye concentration, contact time, and
adsorbent dose to attain high removal efficiency of dye.

2. Materials and methods

2.1. Sorbate and adsorbent preparations

The AYD, with the chemical formula of C12H11N3, was used as a
pollutant and was dissolved in the aqueous solution using distilled
water. The chemical structure is shown in Fig. 1.

The stock solution was prepared at 1000 ppm (1000mg/L). The
desired concentrations in each run were obtained by dilution of the
prepared stock solution (Speight, 2017).

The SCG was collected from Nestle Philippines in Cagayan de Oro
City, Philippines. The SCG was processed by following the procedures
of the previous study with modification (De Luna et al., 2017) at the
Agrivironmental Laboratory of USTP-Claveria, Philippines.

The SCG was pre-treated with hot water, washed with distilled
water, drained in a container, and oven-dried at 100 °C for 24 h. After
that, SCG was pulverized, sieved through 40−80mm mesh size, and
soaked in potassium hydroxide (KOH) at 1mol/L concentration with a
ratio of 1:5 (g of SCG/mL KOH concentration) for 24 h at 25 °C. The
mixture was dried at 105 °C for 12 h and carbonized at 500 °C for
30min in a muffle furnace (LAB TECH el LEF-304P-2). Then, the pro-
duced adsorbents were treated with 0.1 mol/L hydrochloric acid (HCL)
and washed with distilled water until pH 7 was obtained. The slurry
was dried at 105 °C until a constant mass was attained.

2.2. Methods of determining physical and chemical properties of the
adsorbent

The physical and chemical properties of the activated carbon from
SCG were analyzed through Scanning Electron Microscope (SEM) and
Fourier Transform Infrared Spectroscopy (FTIR) methods (Kwiecińska
et al., 2019; Sharma and Bhardwaj, 2019; Yurdakal et al., 2019). The
analyses were conducted at the Department of Mining, Metallurgical,
and Materials Engineering and Analytical Service Laboratory, and In-
stitute of Chemistry, University of the Philippines Diliman, Quezon
City, Philippines. The scan of the sample via FTIR (Shimadzu Prestige
21FTIR Spectrophotometer) was obtained using an attenuated total
reflectance (Miracle ATR, single reflectance, Pike Technologies).

2.3. Experimentation

Preliminary experiments through the parametric study were con-
ducted to determine the most influential factors that affect the removal
of AYD using AC from SCG. Among the factors considered in the
parametric study were initial AYD concentration, temperature, ad-
sorbent dose, pH, and contact time. From the parametric runs, the three
most influential factors that showed significant effects on AYD removal
were chosen, i.e., initial dye concentration, adsorbent dose, and contact
time. The other two variables were held as they were: room tempera-
ture (25 ± 3 °C), and mixture pH (7–9).

The ranges of the values of operating factors are shown in Table 1.
Through the RSM, particularly the CCD of Design Expert 7.0 software,
20 runs with varied combinations of chosen factors (initial dye con-
centration, adsorbent dose, and contact time) were generated and used
as the basis in the experimental runs.

2.4. Modeling and optimization

The percentage of AYD removal was computed using Eq. 1 where
removal is the percentage of AYD that is being removed in aqueous
solution, Co is the initial dye concentration (mg/L), and C is the dye
concentration at any time (mg/L).

= − ×removal C C
C

% 100o

o (1)

The effects of adsorbent dose, initial concentration of dye, and
contact time were analyzed through analysis of variance (ANOVA), and
the best model was determined. Numerical optimization was employed
to determine possible combinations of operating factors that would
result in optimum dye removal efficiency. The suggested solution of the
numerical optimization with high desirability was validated through
actual runs in the laboratory.

In the analysis, with a level of significance at 0.05, the significant
factors were determined. The effects of the factors in the removal of dye
were analyzed and presented through contour plots and 3D models
generated from Design Expert 7.0 software.

2.5. Adsorption isotherm and kinetic models

The experiment on isotherm models was based on the optimum
values determined in batch adsorption experiments. In the

Fig. 1. Chemical structure of aniline yellow dye.

Table 1
Experimental range and levels of independent factors.

Factor Coded level

−2 −1 0 1 2

Initial concentration (ppm) 20 25 30 35 40
Adsorbent dose (g) 0.3 0.6 0.9 1.2 1.5
Contact time (h) 2.0 2.5 3.0 3.5 4.0
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experimental runs, the optimum adsorbent dose and contact time were
held constant while initial concentration was varied.

The residual dye concentration was determined by the estimation of
the absorbance of the supernatant solution using a spectrophotometer.
The adsorption capacity (Q) was computed using Eq. 2 where Q is the
adsorption capacity, Co is initial dye concentration, C is dye con-
centration at any time, V is the sample volume, and m is the mass of
adsorbent.

The data were fitted to Langmuir and Freundlich models. The
Langmuir isotherm model was calculated using Eq. (3) where qe is the
amount of adsorbate adsorbed per unit mass of adsorbent (mg/g), Q0 is
the adsorption capacity (mg/g), b is the energy of adsorption (L/mg),
and Ce is the equilibrium concentration of the adsorbate (mg/L). The
Freundlich isotherm model was computed using Eq. (4), where KF is the
Freundlich capacity factor and 1/n is the intensity parameter.

= −Q C C v
m
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The experimentation of the kinetic model was based on the optimal
operating conditions with variable contact time. The collected data was
fitted to pseudo-first and pseudo-second order kinetic models. The
equations of pseudo-first order and pseudo-second order kinetic are
shown in Eqs. (5) and (6) where C0 is the initial concentration of AYD
(mg/L), Ct is the AYD concentration at any reaction time (mg/L), t is the
contact time (h), K1 is the first-order rate constant (h −1), and K2 is the
rate constant of second-order (h/L).

3. Results and discussion

3.1. Physical and chemical properties of activated carbon from SCG

The activated carbon from SCG has mesoporous and microporous
structures (Fig. 2), a strong indication that KOH served successfully in
chemically modifying the physical structure of the biomass. The same
phenomena were observed from the KOH-prepared activated carbon
from banana peels (Thuan et al., 2016).

The heterogeneous activated carbon in a honeycomb shape, from
SCG, is a good determinant of a quality material owing that it can trap
the dye adsorbate into the adsorbent surface. A similar phenomenon
was observed from the production of activated carbon from coconut
husk using KOH (Tan et al., 2008) and using nitric acid from the ma-
hogany pod (Sumalinog et al., 2012). It implied that the prepared ac-
tivated carbon from SCG via KOH activation could compete with other
precursors in adsorbing dyes in the effluent.

The determination of the present functional groups on the adsorbent
surface was investigated through FTIR spectra ranging from 500-4000

−cm 1 (Fig. 3), and the adsorbent spectral characteristics are summarized
(Table 2). Generally, wavelength peaks suggested the presence of al-
cohol, hydroxyl, alkane, alkene, alkyne, aromatic, and ether groups.

The OeH deformation was observed at the range of 1400-1320 −cm 1

showing the presence of the hydroxyl groups with the actual peak of
1372.39 −cm .1 The OeH stretch bond determined the presence of hy-
drogen-bonded hydroxyl groups (from carboxyl, phenols, and alcohol)
at the range of 3450-3255 −cm 1 with the actual peak of 3342.25 −cm 1

(Chou et al., 2012). The CeH stretch bond determined the presence of
alkane groups at 3000-2900 −cm 1 with the actual peak found at 2927.94

−cm 1. The C–H out of plane bend was observed at the 750-665 −cm 1

with the actual peaks of 729.09 −cm 1 showing the presence of alkanes.
The C]C bond wavelength peaks was observed at 1620.23 −cm 1 and
1462.07 −cm 1 suggesting the presence of alkenes and aromatic groups.
The peaks indicated that the prepared activated carbon from SCG de-
veloped organic matter making this several functional groups exist (Ma
and Ouyang, 2013). The CeO stretch bond showed the presence of
ether groups that were observed at 1240-1100 −cm 1 with the actual
peaks at 1238.45 −cm 1 and 1155.58 −cm 1. The CC^ stretch bond at
2140-2085 −cm 1 shows the presence of alkynes with the actual peak at
2100.50 −cm 1. Additionally, the spectrum peak at 2140-2100 −cm 1

displays the presence of the acetylenic (alkyne) groups (Coates, 2000).
The outcome showed that activated carbon from SCG has similar
components as cited by past studies mentioned above, signifying its
potential to adsorb the AYD molecules efficiently from aqueous solu-
tion.

3.2. Percent removal of AYD using SCG activated carbon

The percentage removal of AYD in aqueous solution ranges from
75.01% to 95.52% (Table 3). The likely increase and decrease of AYD
removal were due to the interaction effect of the operating factors. A
relevant result was reported postulating the interactive effects of the
operating factors in dye removal from wastewater (Lim et al., 2016).
This result implied that the chosen operating factors have corre-
sponding influences on the removal of AYD, using SCG activated
carbon, from aqueous solution.

3.3. Predictive model of AYD removal using SCG activated carbon

The analysis of the data obtained from the experimental runs re-
vealed the surface quadratic equation (Eq. 7) as the most fitted model to
correctly predict the percent removal of AYD, as affected by chosen
operating factors, using SCG activated carbon as adsorbent (Eq. 7).

= + +

− +

y A B C AB

AC BC A B C

2.170 – 0.710 72.328 51.296 – 0.312

0.935 – 3.117 0.056 – 30.226 – 4.3412 2 2 (7)

where y is the predicted percent dye removal of AYD in aqueous so-
lution while A B, and C are the values of the chosen factors such as
initial dye concentration (ppm), adsorbent dose (g), and contact time
(h); respectively.

The quadratic equation indicated that, if the value of initial dye
concentration (A) alone is increased, the percent dye removal de-
creases. Similarly, the increase of adsorbent dose (B) and contact time
(C), when taken singly, results in higher percent dye removal. However,
when these factors interact together, one factor may favor the other,
which developed a high percent of dye removal or otherwise. The in-
teraction between initial concentration and adsorbent dose did not
favor better percent removal, having a negative coefficient. The same
interaction had been observed between initial concentration and con-
tact time because increasing both factors would lower dye removal. It
implied that the chosen parameters had antagonistic interactions with
each other during the adsorption process resulting in low percent dye
removal.

On the other hand, the squared value of initial dye concentration
favored the removal of AYD in the aqueous solution having a positive
coefficient while the squared values of adsorbent dose and contact time
did not favor the AYD removal having a negative coefficient in the
model. The opposing effects, as shown in terms of the quadratic equa-
tion, made the model more important and meaningful. It can give a
better predictive outcome.

The quadratic equation generated by CCD was validated according
to the results in actual runs, as shown in Table 4. The reliability of the
quadratic model was determined through the analysis of variance
(Table 5).
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The significant model F-value of 17.51 shows that it had only a
0.01% chance that this large model F-value could occur due to random
data changes. The result showed that the model p-value was significant,
having a 0.01% chance of error in predicting the percent removal of
AYD using SCG activated carbon. By using the equation, it can be de-
duced that the result can be 99.99% reliable and accurate in estimating
the percent removal of AYD. The lack of fit F-value of 0.23 implied that
the lack of fit was not significant relative to the pure error. There is a
93.51% chance that a lack of fit F-value this large could occur due to
random data changes. It means that the insignificant lack of fit p-value
of 0.9351 was good. Further, the high coefficient of determination R( )2

value of 0.9403 supported that the model in predicting the percent
removal of the AYD is efficient. Thus, 94.03% justified that the factor of
the data can be explained as produced by the model.

3.4. Significant interactive effects of the chosen factors in the removal of
AYD

The interactive effects of independent factors such as initial con-
centration, adsorbent dose, and contact time in the removal of AYD in

the adsorption process were determined. The ANOVA revealed that
only the initial concentration and contact time (AC) have significant
interactive effects on the removal of AYD in aqueous solution. Other

Fig. 2. SEM micrographs of activated carbon from spent coffee grounds with.
magnifications of (a) 20 μm, (b) 5 μm, (c) 2 μm, and (d) 1 μm.

Fig. 3. FTIR spectrum of SCG activated carbon.

Table 2
FTIR functional groups of the SCG activated carbon.

Functional group Wavelength peak −cm( )1 Bond

Range Actual

Alcohol (hydrogen-bonded
hydroxyl groups)

3450-3255 3342.65 OeH stretch

Alcohol (hydroxyl) 1400-1320 1372.39 O-H deformation
Alkane 3000-2900 2927.94 CeH stretch
Alkane 750-665 729.09 C-H out-of-plane

bend
Alkene 1650-1610 1620.23 C]C stretch
Aromatic 1500-1300 1462.07 C]C stretch
Alkyne 2140-2085 2100.50 CC^ stretch
Ether 1210-1100 1155.58 CeO stretch
Ether 1240-1200 1238.45 CeO stretch
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interacting variables (AB and BC) do not statistically show significant
interactive effects in AYD removal using SCG activated carbon. Hence,
the interactive effect of AC is the only one presented (Fig. 4).

Based on the graph, the increase of contact time at higher dye
concentration resulted in a decrease in the percent AYD removal. At
lower contact time, the dye uptake was rapid due to the number of
available active sites, and it decreased as the time increased due to
incrementally occupied adsorbent sites (Menya et al., 2018). Ad-
ditionally, with an increase of initial dye concentration, it developed
saturation on the adsorbent sites yielding to lower adsorption removal
percentage (Kyzas et al., 2013). On the other hand, as initial con-
centration increased, the percent dye removal decreased at higher
contact time. The increased in initial dye concentration accumulated a
mass of dye in the adsorbate, leading to the diffusion of dyes in the
solution making the adsorption removal slower (Ozacar and Sengil,
2005). The best condition of both parameters was in lower contact time

and concentration, producing higher percent removal.

3.5. Optimum conditions on AYD removal using activated carbon from SCG

The validation runs were conducted with the given optimum con-
ditions of the determining factors. The suggested optimum values of
CCD were 35 ppm initial AYD concentration, 0.6 g adsorbent dose, and
2.5 h contact time having the optimum predicted AYD removal of
87.05%. The actual verification runs were conducted, and the result
was 88.72% ± 1.88% AYD removal. The result indicated a very close
value of the predicted (87.05%) and actual (88.72 ± 1.88%) AYD re-
moval with a percent error of 1.88%. At optimum conditions, the ad-
sorption capacity was calculated at 2.58mg/g, which means that 1 g of
SCG activated carbon can remove 2.58mg of AYD in aqueous solution.
The optimization and validation results on the removal of AYD in
aqueous solution are shown in Table 6.

The adsorption capacity of the SCG activated carbon showed com-
parable results on the removal of synthetic dyes on wastewater effluent
like in elimination of malachite green using ortho-phosphoric-activated
SCG with adsorption capacity of 6.76mg/g (Lim et al., 2016). To some
extent, the adsorption capacity of SCG activated carbon to heavy metals
is much higher like of Cd (II) with 70mg/g, and Cr(VI) of 45mg/g
(Kyzas, 2012). It implied that activated carbon from SCG has the po-
tential to be an alternative source of activated carbon precursor on

Table 3
Percent removal of AYD using activated carbon from SCG.

Run Operating factor % AYD
removal

Initial AYD conc’n.
(ppm)

Adsorbent dose
(g)

Contact time
(h)

1 30 0.3 3.0 75.21
2 30 0.9 3.0 88.29
3 30 1.5 3.0 75.21
4 30 0.9 3.0 83.93
5 30 0.9 3.0 88.29
6 30 0.9 2.0 88.29
7 30 0.9 3.0 83.93
8 30 0.9 3.0 83.93
9 35 0.6 2.5 86.23
10 30 0.9 3.0 88.29
11 40 0.9 3.0 87.95
12 20 0.9 3.0 95.52
13 35 0.6 3.5 78.75
14 25 1.2 2.5 85.95
15 25 0.6 3.5 85.95
16 25 0.6 2.5 85.95
17 25 1.2 3.5 85.95
18 25 1.2 3.5 75.01
19 35 1.2 2.5 86.23
20 30 0.9 4.0 75.21

Table 4
Actual vs. predicted AYD removal from aqueous solution.

Run Operating factor AYD removal (%)

Initial concentration
(ppm)

Adsorbent
dose (g)

Contact
time (h)

Actual Predicted

1 30 0.3 3.0 75.21 75.71
2 30 0.9 3.0 88.29 86.12
3 30 1.5 3.0 75.21 74.77
4 30 0.9 3.0 83.93 86.12
5 30 0.9 3.0 88.29 86.12
6 30 0.9 2.0 88.29 87.39
7 30 0.9 3.0 83.93 86.12
8 30 0.9 3.0 83.93 86.12
9 35 0.6 2.5 86.23 87.05
10 30 0.9 3.0 88.29 86.12
11 40 0.9 3.0 87.95 87.67
12 20 0.9 3.0 95.52 95.85
13 35 0.6 3.5 78.75 77.71
14 25 1.2 2.5 85.95 86.94
15 25 0.6 3.5 85.95 85.54
16 25 0.6 2.5 85.95 85.53
17 25 1.2 3.5 85.95 85.07
18 25 1.2 3.5 75.01 75.37
19 35 1.2 2.5 86.23 86.59
20 30 0.9 4.0 75.21 76.17

Table 5
ANOVA showing the reliability of the quadratic surface model in estimating
AYD removal using SCG activated carbon.

Source Sum of
squares

df Mean
square

F value p-valueProb > F

Model 551.45 9 61.27 17.51 < 0.0001
A-initial concentration 66.91 1 66.91 19.12 0.0014a

B-adsorbent dose 0.87 1 0.87 0.25 0.6280b

C-contact time 125.78 1 125.78 35.94 0.0001a

AB 1.75 1 1.75 0.50 0.4958b

AC 43.71 1 43.71 12.49 0.0054a

BC 1.75 1 1.75 0.50 0.4958b

A2 50.05 1 50.05 14.30 0.0036a

B2 186.06 1 186.6 53.16 <0.0001a

C2 29.62 1 29.62 8.46 0.0156a

Residual 35.00 10 3.50
Lack of fit 6.48 5 1.30 0.23 0.9351b

Pure error 28.51 5 5.70
Cor total 586.45 19
R2 =0.9403

a= significant; b=not significant.

Fig. 4. 3D response surface on the effect of initial concentration.
and contact time
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treating wastewater containing dye, toxic waste, and other heavy me-
tals in the effluent.

Additionally, the removal efficiency of the KOH-modified and ac-
tivated adsorbent (88.72%) is far better than the biosorbent char
(41.36%). This result implied that chemical activation strengthens the
capacity of the materials twice that would eventually increase its
overall adsorption capacity. A similar study (Viotti et al., 2019) on the
removal of diclofenac using Moringa oleifera pods showed higher re-
moval efficiency of the activated material (71 0.15mg/g) compared to
the inactivated one (60.81 mg/g).

3.6. Isotherm and kinetic studies

Isotherm experiments were conducted using the optimum condi-
tions of 0.6 g adsorbent dose and 2.5 h contact time; while varying the
AYD concentration (ppm) at 30, 35, 40, 45, and 50.

As a result, the most fitted isotherm model on predicting the percent
removal of AYD was Freundlich model having a R2 regression value of
0.9868 (Fig. 5b) compared to the Langmuir model having a R2 value of
0.9498 (Fig. 5a). The Freundlich isotherm model has, therefore, 98.68%
reliability to explain the mechanism of AYD removal. This result ex-
plained a multilayer and heterogeneous adsorption that occurred on the

non-uniform energy level of the adsorption surface (Song et al., 2013).
This indicated that, on the treatment process, the reaction developed a
non-uniform level of adsorbate into the adsorbent surface plane leading
to multilayer adsorption (Rattanapan et al., 2017). It signified that
there were a lot of adsorbate molecules migration on the surface plane
leading to a heterogeneous nature in the adsorption process. Table 7
shows the isotherm model constants and correlation coefficients.

In a kinetic study, the experimental runs were conducted to de-
termine how fast the adsorption process took place with the given op-
timum conditions of the operating parameters varying the contact time
at 0.5, 1, 1.5, 2, 2.5, and 3.0 h.

Based on the result, the most fitted kinetic model was the pseudo-
first order having an R2 value of 0.9832 (Fig. 6a). This means that the
first order was 98.32% reliable on the accuracy of the experimental
study compared to pseudo-second order having a R2 value of 0.8918 or
89.18% (Fig. 6b). The result indicated that the rate of adsorption is
dependent on the concentration factor or the physical amount of the
adsorbate, unlike the pseudo-second order that relied on the available
adsorbent sites and the required time to attain equilibrium saturation
on the adsorbent surface (Liu, 2008). It signified that dye adsorbate
amount had a significant effect on the rate of adsorption during the
treatment process. A similar study using commercial coffee wastes to
adsorb heavy metals revealed the best correlation in pseudo-first order
with R2 value of 0.996 (Kyzas, 2012). Table 8 shows the kinetic model
constants and correlation coefficients.

4. Conclusion

The study was conducted to determine the efficiency of activated
carbon from the spent coffee ground as a potential precursor to

Table 6
Optimization and validation results on AYD removal via adsorption.

Experiment Factor AYD removal (%)
Initial
conc’n
(ppm)

Adsorbent
dose (g)

Contact
time (h)

CCDa 35 0.6 2.5 87.05
Validation 35 0.6 2.5 88.72 ± 1.88
Biosorbent

charb
35 0.6 2.5 41.36 ± 2.16

a Optimization criteria: in range initial concentration (25−35mg/L); mini-
mize adsorbent dose and contact time; maximize AYD removal.

b Control run using non-activated SCG char.

Fig. 5. Isotherm plots of (a) Langmuir, and (b) Freundlich models all done with
0.6 g adsorbent, 2.5 h contact time, and n= 3.

Table 7
Isotherm model constants and correlation coefficients.

Langmuir Freundlich

Factor Value Factor Value
b, mg 9.3570 1/n 0.3483
Qo, mg/g 4.2265 Kf 2.2299
R2 0.9498 R2 0.9868

Fig. 6. Kinetic plots of (a) pseudo-first order, and (b) pseudo-second order all
done with 0.6 g adsorbent, 35 ppm AYD concentration, and n= 3.
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removing aniline yellow dye in aqueous solution through adsorption.
The current work arrived at the following conclusions:

1 SCG activated carbon produced a mesopore and micropore structure
with honeycomb shape showing great potential on trapping the AYD
dye adsorbate onto the adsorbent surface;

2 SCG activated carbon revealed several functional groups such as
alcohol, hydroxyl, alkane, alkene, alkyne, aromatic and ether;

3 Percent removal of AYD using activated carbon from SCG in aqu-
eous solution ranges from 75.01% to 95.52%;

4 3D model graph and ANOVA result suggested that the initial con-
centration and contact time have significant effects on the removal
of AYD in aqueous solution. While the adsorbent dose showed a
minimal effect on determining the percent AYD removal;

5 Optimum removal of AYD of 87.05% can be obtained at 35 ppm
initial dye concentration, 0.6 g adsorbent dose, and 2.5 h contact
time with an adsorption capacity of 2.58mg/g.

6 Adsorption took place in multilayer and non-uniform rate as de-
scribed by most fitted Freundlich model; and

7 Rate of adsorption on AYD onto activated carbon from SCG is best
described by the pseudo-first order explaining that adsorption de-
pends on the physical amount of dye adsorbate.
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