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Adsorption of Cyanide Contained in Aqueous
Solution using Activated Carbon Obtained from
Coffee Residue: Adsorption Efficiency;
Equilibrium and Kinetic Models

Gonzalo Aranguri-LLerena * & Wilson Reyes-Lazaro °

Absiract- This research aimed to evaluate the adsorption
process of cyanide ion (CN) contained in synthetic aqueous
solution, using activated carbon obtained from coffee residue,
studying its efficiency and equilibrium and kinetic models.
Activated carbon was characterized by Fourier Transform
infrared analysis (FTIR), X-ray diffraction (DRX), and iodine
number determination. A central composite design (CCD) with
three factors adapted to three levels each and six central
points was applied to study the effect of pH (A), contact time
(B) and adsorbent dosage (C); According to the analysis of
variance, the factors A, B, C, and the square AA were
significant in the adsorption efficiency of cyanide onto
activated carbon, whose maximum value reached was 54.68%
and 67.65% for the predictive level. According to the
coefficient of determination (R?), Freundlich's isothermal model
(0.954) and the three kinetic equations of pseudo-second
order (0.991, 0.993, 0.993) fit the experimental process. From
the results obtained, the active carbon prepared from coffee
residue can be used as a potential adsorbent of CN,
contained in aqueous solutions of low concentrations.
Keywords: adsorption, active carbon; cyanide; isotherm;
coffee waste.

L. [NTRODUCTION

he CN is one of the toxic chemicals found in
Tsewage discharges from electroplating, metal

finishing, steel hardening, mining (Processing of
metals such as gold and silver), manufacturing of auto
parts, photography, pharmaceuticals and coal
processing units (Dwivedi et al., 2014), food and
chemical synthesis (nylon, fibers, resins, fertilizers,
pesticides, and herbicides) (Halet et al., 2015). It is
estimated that the release of cyanide from industries is
more than 14 million kg/year in the world (Gupta et al.,
2012) and can exist in three forms: total cyanide (CNT),
WAD cyanide (Weak acid dissociable) and free cyanide
(CNL). The CNT includes strong metal-cyanide
complexes, such as iron ( [Fe(CN)e]*, [Fe(CN)s*), gold
([AU(CN),]", cobalt ([Co(CN)4]*), and Cyanide WAD (CN
WAD); which includes both: CNL and metal complexes
of weak and moderately strong cyanide; such as
cadmium ([Cd(CN),J*), zinc ([Zn(CN),J*>, copper
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cyanides ([Cu(CN),]", [Cu(CN)j;)*, [Cu(CN),%), nickel
(INi(CN),J?) and silver ([Ag(CN),]); the CNL includes
CN- and hydrogen cyanide (HCN) (Aranguri and Reyes-
Lopez, 2018).

Cyanide when emitted in concentrations that
exceed environmental regulations, constitutes a
dangerous compound for humans, aquatic organisms
and the environment in general, because it exerts an
inhibitory action on certain metabolic enzymes; the main
compound affected is the enzyme cytochrome c¢
oxidase; its inhibition causes the blocking of the electron
transport chain at the mitochondrial level, avoiding the
absorption of oxygen (Luque-Almagro et al., 2016).
According to Azamat and Khataee (2017); Between 0.5
and 3.5 mg of cyanide per kilogram of body mass in
people can cause death.

The United States Environmental Protection
Agency (USEPA) has proposed a regulation for drinking
water regarding the CNT in 0.2 mg/L and in terms of
CNL for protection of aquatic life in freshwater, it is set at
0.022 and 0.0052 mg/L (Botz et al., 2016). Peruvian
regulations for water quality standards (DS N ° 002 -
2008 -MINAM), established the CN WAD at 0.1 mg/L
(category 3: irrigation of vegetables and animal drinks)
and for CNL at 0.022 mg/L (category 4: conservation of
the aquatic environment).

Liquid emissions containing cyanide over the
permissible limits are processed by conventional
chemical methods such as alkaline chlorination, the

INCO process (SO, /air)  (International  Nickel
Company's), hydrogen peroxide, the Caro’s acid
method (H.SO,/H,0,), ozonation, among others

(Aranguri and Reyes-Lépez, 2018; Botz et al., 2016);
however, for Dwivedi et al. (2014) chemical processes to
degrade cyanide are not appropriate for environmental
and economic perspectives; due to its high demand for
chemical products and the formation of secondary
pollutants, they need additional treatment before
disposal and argues that adsorption is a simple and
attractive method for the elimination of toxic effluent
compounds due to their high efficiency, handling, and
economic feasibility.
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According to bibliographic references, there are
several reports of adsorbents; with and without
treatment to adsorb CN; namely: olive stone and coffee
ground (Halet et al., 2015), shea butter seed husk
(Tsunatu et al., 2015), coconut shell (Singh and
Balomajumder, 2016), rice husk (Naeem et al., 2011),
almond shells and leaves of teak (Dwivedi et al., 2016),
active carbon (D 45/2 - Carbo Tech) (Stavropoulos et al.,
2015) and in the present study, active carbon is used,
prepared from the coffee residue, and a method little
studied in the carbonization and activation of the
precursor is explored; Nitrogen gas was not used to
generate an inert atmosphere.

According to the International  Coffee
Organization (ICO), in 2018, the world coffee production
was 168.093 million bags of 60 kg. Its processing
generates significant amounts of agricultural waste,
ranging from 30% to 50% of the total coffee weight
produced, depending on the type of processing
(Oliveira and Franca, 2015). According to Mussatto et al.
(2011), approximately 50% of the worlds coffee
production is used to prepare soluble, and the ground
coffee residues are in the order of 6 million tons per
year, worldwide. The intention is to give added value to
these wastes.

Thus, the purpose of the present work was to
evaluate the adsorption process of cyanide, contained
in aqueous solution, on activated carbon, obtained from
coffee residue, studying its efficiency as well as the
equilibrium and kinetic models.

II.  MATERIALS AND METHODS

a) Preparation of activated carbon from coffee residue
(CARC)

Cofee residue (after roasting, grinding and
extracting its flavorings), from the Coffea arabica variety,
produced in the province of Chanchamayo (Perd), was
collected from the “Valentino” cafeteria (Trujillo Central
Market); washed with spout water to remove dust,
impurities, and soluble substances; then it was rinsed
with boiled distilled water until the black dye disappears
and dried at 110°C for eight horas in a Universal Oven
UF55- Memmert. Subsequently, carbonization and
chemical activation is experienced at 500 and 450 °C,
respectively; in refractory clay crucible, provided with a
lid (Guang-zhen et al., 2016); contained in a Barnstead
Thermolyne 6000 electric muffle, for one hour for each
stage. Nitrogen gas was not used to generate inert

conditions; each crucible was supplied from its
respective lid to avoid oxidizing atmosphere.
Before chemical activation; chemical

impregnation was applied to carbon, with a solution of
phosphoric acid (H,,0,) (Halet et al., 2015;
Shamsuddin et al., 2016) at 40%; 3 mL of phosphoric
acid is added for each gram of carbon (3 v/p) (Reffas et
al., 2010) were stirred for 15 hours at 80°C.
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The vyield and burn off in the carbonized
process were measured according to (Reffas et al.,
2010). The carbonization yield or degree of conversion
to coal (Equation 1), is the percentage of the product
obtained after carbonization concerning the dry weight
of the precursor used and the burn-off or lost by
combustion (Equation 2), is the percentage of precursor
eliminated during the carbonization  process
((Fombuena and Valentin, 2010).

The CARC was reduced and classified to a
particle size between +74 and -500 microns, washed
with distilled water to a neutral pH, and dried at 150 °C
for six hours.

Yield (%) = m,.100/m,
Burn off (%) = (m,-m,) . 100/m,

(1)
(2)

Where: m, = initial precursor mass and m, = mass of
carbon obtained.

b) Characterization of the adsorbent

The functional groups present on the surfaces
of the coffee residue were determined; to its respective
CARC and CARC after adsorbing CN", applying a solid
phase FTIR analysis, using a Thermo Nicolet IS50 FT-IR
ATR spectrometer. To identify the amorphous nature
and the metal oxides present in the CARC; A DRX
analysis was performed using the Rigaku brand
Diffractometer, model Miniflex 600. Likewise, its iodine
number was determined, according to NMX-F-296-SCFl,
2011, and ASTM-D4607, 2006. For the three analyzes,
the samples were reduced to a size of -75 microns.

c) Optimization of the adsorption process

The CCD was applied; their independent
variables, and their respective levels, which determined
the adsorption percentage (Y) responses, are shown in
Table 2. The adsorption tests of the CN* (mg/L), were
performed randomly; Their results were evaluated using
the Minitab 18 statistical software, with an “a” level of 5%
and adsorption efficiency was calculated according to

equation 3.
% Adsorption = (C-C) .100/C; )

Where C, and C, represent the initial and final
concentration of CN- (mg/L), for each test, respectively.

d) Study of equilibrium and kinetic models

To study the interaction of CN" molecules and
the surfaces of the CARC particles, as well as identify a
model equation to predict the equilibrium adsorption of
the CN" by the CARC, the experimental equilibrium data
were tested, with the isothermal models of Freundlich,
Langmuir, and Temkin.

The separation factor or equilibrium parameter
'R," (constant without dimensions) is used to express
the essential characteristics of the Langmuir isotherm
(Equation 4).



R, = 1/(1+bCy) 4

Where: b is the Langmuir constant and C, is the initial
concentration of CN" (mg/L). R, indicates the conditions
of the isotherm. If, R,> 1 (unfavorable), R, = 1 (linear
adsorption), R, = 0 (irreversible) and if 0 <R, <1
(favorable) (Eletta et al., 2016; Gupta et al., 2013).

The mass transfer efficiency of the CN" to CARC
was evaluated, applying the first and second-order
pseudo models, and to determine whether intraparticle
diffusion was the limiting stage for cyanide adsorption
on CARC, the experimental data were analyzed by the
Weber-Morris model.

For the equilibrium and kinetic study, the
concentrations of CN™ solutions were measured and the
adsorption capacity in the equilibrium (ge, mg/g), was

calculated; as well as the adsorption capacity of CN" at
time t (gt, mg/g) for predetermined time intervals;
according to equation 5 and equation 6.

ge=(C,C,) . V/IW (5)
qt=(CyC) . VIW (6)

Where C, (mg/L) is the initial concentration of CN; C,
(mg/L) is the concentration of CN in the equilibrium; C,
(mg/L) is the CN- concentration of the cyanide solution
at time t (min); V (L) the volume of the cyanide solution
and W (g) the amount of activated carbon (Halet et al.,
2015).

Table 1 shows the linear forms for the
equilibrium and kinetic equations adapted from (Dwivedi
et al., 2014) and from (Tsunatu et al., 2015).

Table 1: Equilibrium and kinetic models used to explain adsorption processes

Models Linear equation Parameters
Equilibrium models

Eggg?”m log g.= log K; + 1/nlog C,

LI G f,= 1/Qacb +CQp

E(;ggln . =BINA+BInC,

Kinetic models

Pseudo first

order log(g.—ay) =log(ge) —K;t/2,303 at a time ",

K; (mg/g)/(mg/L), 1/n and n, are constants

Quax (Mg/Q) is the maximum adsorption capacity in the monolayer and b (L/mg)
is the constant related to the capacity and energy of adsorption, representing
the affinity between adsorbate and adsorbent.

A and B are the constants of Temkin

Qe Y 0 are the adsorption capacities (mg/g) of adsorbent, at equilibrium and

K,is the pseudo first order adsorption rate constant (s™)

Pseudo

— 2
second order o, = 1/ Kea ™+ t/ 0

K., is the pseudo second order adsorption rate constant (g/mg s)

g, is sorption concentration at time "t"

q = Ky t"?+C
(Weber-Morris (1963)

Intra  particle
diffusion

K is the rate constant of intra
particle transport (mg/g/time ).

C (mg/g) it is a constant related to the thickness of the adsorbent boundary

layer

The tests for the isothermal and kinetic model
will be carried out at ambient conditions (30 °C), using
50 ml of pH 8 synthetic solution with 1.5 g of adsorbent
contained in 250 ml flasks. The known concentrations
for each test were diluted from a cyanide stock solution
of 1000 mg/L of CN" and filtered after each test for
analysis. An IKA WORKS KS orbital shaker is used for all
agitation tests.

e) Analytical measurements and of pH

Depending on the concentration of the solution,
the CN was determined, either by the cyanide ion-
selective electrode method or by titration; For the latter,
Vogel's "'method A" (Vogel, 1989) and Standard Methods
4500-CN-D (Greenberg et al., 1992) are considered with
the adaptation of a concentration of silver nitrate
(AgNQO;) of 2 g/L (0.01 M) and as an indicator
rhodamine (p-Dimethylamino benzalrhodamine) at 0.1

g/100 mL of acetone. For the cyanide selective
electrode method, a Thermo Scientific, Orion Versa Star
Pro multiparameter, and a cyanide specific ion
electrode, Thermo Scientific model, Orion 9606 BNWP
are used. Potentiometric readings performed on a
magnetic stirrer IKA WORKS, model C-MAG-HS7. The
pH of all solutions was regulated by the addition of HC/
or NaOH solutions (10 and 1 N for both) and was
measured using a Thermo Scientific Orion electrode.

I11. RESULTS AND DISCUSSION

a) Preparation of CARC

The vyield and burn off, for carbonization
(14.73% and 85.27%) and chemical activation (72.86%
and 27.14%) of the coffee residue at 500 and 450 °C
respectively were evaluated. Molina-Sabio and
Rodriguez-Reinoso  (2004) report that in the
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carbonization  of  lignocellulosic  materials, the
degradation of the precursor takes place between 200
and 350 °C; for the present experiment studied, it
occurred at an average temperature of 310°C.

The carbonization vyield (14.73%); It is relatively
superior to what was experienced by Reffas et al.
(2010), who gives a value of 9.7% for simple
carbonizations of the same material; This could be by
the difference in the temperature of carbonization.

The vyield obtained in the chemical activation
stage is high (72.86%); compared to the 50% vyield
found by Al Bahri et al. (2012) in the activation of seeds
of grapes impregnated with H,PO, (3 p/v), in a single-
phase and at 38 and 32% of Reffas et al. (2010) for
chemical activation with single-step H,PO, at 450 °C, for
ground coffee residues at different impregnation rates;
This notable difference is because in the first phase of
carbonization of the coffee residue, were expelled the
most volatile material.

b) Characterization of the adsorbent

According to the FTIR analyzes of the precursor
(Fig. 1a) it reveals that it has a broad adsorption band
due to the formation of hydrogen bridges, with a peak
around 3335 cm™ and is related stretching vibration of
the hydroxyl groups OH, overlapping with N-H
junctions: alcohols-phenols, carboxyl and amino (Reffas
et al., 2010), which is corroborated by the formation of
signals at 1154 and 1032 cm™ for phenols and alcohols,
as well as the two acute bands at 2922 and 2853 cm'
show the presence of the stretching vibrations C-H
(alkanes) (Ma and Ouyang, 2013). The peaks at 1743
and 1647 cm™ are assigned to the stretching vibrations
C=0 in the carboxylic acids, anhydrides, and lactones
(Imessaoudene et al., 2016), and the acetyl group in the
hemicellulose (Shamsuddin et al., 2016). The bands at
1455 and 1377-1240 cm™ ascribed to the symmetrical
and asymmetric bending of the CH,; group; also the
1240 cm™ band is associated with the C-O stretching of
the aryl group in lignin (Shamsuddin et al., 2016). The
signals between 666 and 871 cm™ correspond to out of
plane bending vibrations (Rattanapan et al., 2017) and
the N-H and C-H aromatic groups (Reffas et al., 2010).
Similar bands have been reported by Ballesteros et al.
(2014) and Liu et al. (2015), who agree in their FTIR
analysis, that the coffee bean has adsorption bands of
lignocellulosic materials.

Fig. 1b shows the FTIR spectrum of CARC; it is
appreciated that the precursor has undergone
significant changes in its structure that suggests the
complete carbonization of the precursor when subjected
to the activation process. Volatle and organic
compounds have decomposed or removed, resulting in
an efficient modification of the surface of the carbon (Ma
and Ouyang, 2013; Rattanapan et al., 2017). The band
of the precursor between 3600 and 3050 cm™, as well as
the peaks at 2922, 2853, 1743, and 1032 cm™, have
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virtually disappeared. Only a small peak of weak
intensity remained around 2980 and 2900 cm™ products
of the C-H aliphatic stretching in an aromatic methoxy
group (Reffas et al., 2010; Xu et al., 2014) and the peaks
observed around 1560 and 1150-1060 cm™ are due to
stretching vibrations type C=C and C-C respectively.
The peak band to 1560 cm™ is overlap with the bending
vibration of the N-H group (amines and amides);
similarly the peaks at 1150-1060 cm™ with the stretching
vibrations C-O of ethers, esters (Rattanapan et al.,
2017) with shoulder at 1190 cm™; they are characteristic
signals of phosphocarbonaceous compounds present
in carbons activated with phosphoric acid (Reffas et al.,
2010). The band at 870 cm™ is related to out of plane
bending vibrations C = C-H (Rattanapan et al., 2017).

The spectrum of Fig. 1c has not undergone
significant changes in the position of its peaks
concerning Fig. 1b, however it has suffered a slight
displacement at lower values of the transmittance
percentage. It may be due to the adsorption of CN" onto
active carbon.



Transmittance (%)

40 I I '
4000 3500

2500

2000 1500 500

Wavenumbers (cm™)

Fig. 1. Comparison of FTIR spectra. a) Coffee residue; b) CARC; c) CARC after adsorption test. The numbers
indicated on the bands in the figure correspond to wavenumber (cm™). v: stretching vibrations; 8a: asymmetric
bending vibrations, 8s: symmetrical bending vibrations; doop: out-of-plane bending vibrations.

According to the DRX (Fig. 2), two strong and
wide diffraction peaks are observed at 23.58 °C and
43.6 °C on the 2-theta scale, which corresponds to the
planes (002) and (101) of the graphite carbon (Rawal et
al., 2018), which are dominant characteristics of
amorphous coals (Awasthi et al., 2018; Herrera et al.,
2018;). According to Gupta et al. (2013), X-ray diffraction

1200 +

1000

Intensity
=]
=

patterns in the broad peak of 15 ° to 35° indicate the
presence of amorphous silica and alumina wairakite
(CaAl,(SiOs),.2H,0), mordenite (Ca,Na,K,)Al,Si;00,,.7H;0),
ferro-axinite (Ca,AlL,BSi,0,;0H), latiumite (Ca, K,)gAlg (S/,
Al),O,5 (SO,) and several other calcium and aluminum
oxides.

2-Theta (degree)

Fig. 2: Experimental diffraction pattern for activated carbon from coffee residue

The iodine number of the CARC is determined
at 215.15 mg |,/g; as an index of the surface area; It is
relatively low; it is presumed that H,PO, molecules
occupied active carbon sites after impregnation.
However, the coal studied does have acceptable
adsorption capacity of CN™ at a pH of 8. In contrast to
similar support Halet et al., (2015), found the iodine
number at 460 mg |,/g, the difference it could be, when
using a higher activation temperature (700 °C);

according to Ghanizadeh and Asgari (2010), they
determined it at 134.44 mg |,/g for bone carbon without
any impregnation.

c) Optimization of the adsorption process

The DCC was applied with three factors
adapted to three levels each and six central points; The
effect of pH, contact time, and dosage of CARC on the
adsorption efficiency of CN" was studied. The adsorption
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percentages obtained from the experiments were
entered in response to the matrix generated from the
DOE (Minitab 18), according to Table 2. The data were
analyzed using the response surface methodology
(RSM) from the which derived the analysis of adjusted
variance, where the factors A, B, C, and the AA

interaction, as well as the coefficients of Equation 5,
were significant (p-value <a = 0.05). Significant F
values indicated the suitability of the model, and the
square of the regression coefficient (98.60%) suggests
that the model studied was consistent.

Table 2: Matrix for the central composite design, with the response variable based on process variables and coded

Process variable

Coded variable

Run order oH  Time (min) Dosage (/) A B c Adsorption %
1 9 90 20 -1 -1 -1 38,77
2 12 90 20 1 -1 -1 9,36
3 9 180 20 -1 1 -1 43,74
4 12 180 20 1 1 -1 12,49
5 9 90 40 -1 -1 1 48,74
6 12 90 40 1 -1 1 18,74
7 9 180 40 -1 1 1 53,12
8 12 180 40 1 1 1 24,99
9 7,977 135 30 -1,682 0 0 54,68
10 13,023 135 30 1,682 0 0 8,11
11 10,5 59,32 30 0 -1,682 0 31,22
12 10,5 210,68 30 0 1,682 0 42,49
13 10,5 135 13,182 0 0 -1,682 24,99
14 10,5 135 46,818 0 0 1,682 44,99
15 10,5 135 30 0 0 0 34,60
16 10,5 135 30 0 0 0 34,60
17 10,5 135 30 0 0 0 33,90
18 10,5 135 30 0 0 0 34,20
19 10,5 135 30 0 0 0 34,60
20 10,5 135 30 0 0 0 33,80

Fig. 3: Effects of the combination of factors on the percentage of adsorption of the CN (Y). a) pH (A) vs contact time
(B); b) pH (A) vs adsorbent dosage (C); ¢) contact time (B) vs adsorbent dosage (C).

Fig. 3 shows the 3D graphs of the response
surface, which estimates the optimal values for the three
factors under study. Thus, Figure 3a shows the
combined effect of pH and contact time; the adsorption
increased to 55% when the pH dropped to 8 and the
contact time increased to 220 minutes. Fig. 3b shows

© 2020 Global Journals

the combined effect of pH and the dosage of CARC; It is
noted that when the pH dropped to 8, and the dosage
increased to 50 g/L, an adsorption percentage of
approximately 55% is achieved. Fig. 3c represented the
combined effect of contact time and reagent dosage;
the lowest adsorption percentage of 45% is obtained



when the contact time and the dose of adsorbent
increased to about 220 minutes and 50 g/L respectively.
Similar trends experiment Eletta et al. (2016) for the
effects of the combination of its factors when using
calcined eggshell for adsorption of cyanide.

According to the MSR; the maximum
adjustment for the adsorption of the CN" of 67.65%, was
achieved with a pH of 7.98, contact time of 210.68
minutes and dosage of 46.82 g/L of the CARC; similar
trend for a pH of 8, Gebresemati et al. (2017) in the
improvement of cyanide adsorption by coffee husk.

0.40 T

d) Study of Equilibrium and kinetic models

Table 3 shows the experimental values of the
equilibrium isotherms studied: Freundlich model (Fig.
4a), Langmuir (Fig. 4b), and Temkin (Fig. 4c).
Experimental data were obtained at room temperature
(80 °C), pH of 8, using 50 mL of solution with initial
concentrations of 50, 60, 70, 80, 90, 100, 110, 120, 130,
140 mg of CN7/L and 1.5 g of adsorbent; stirred at 200
rom for 140 min.

.
030 12
L")
=
o0 0.20 +
[=]
= o410 + v=10,6912x - 0,9207
. R=10,9537
0.00 — : : |
1.00 1.25 1.50 1.75 200
log Ce
40
-~ b
S 30 . o5
g- 2 .
‘Zuc 20 ® y = 0,1846x + 18,337
R?=0,7551
10 I f i
0 20 40 60
Ce (mg/L)
3 —_
c
SR 3
eh
=
o1+ y = 1,0752x-2,3702
= R? = 0,9261
0 | : |
2 3 4 5

LnCe

Fig. 4: Equilibrium models; a) Freundlich; b) Langmuir; c) Temkin. For the adsorption of CN" onto activated carbon
from coffee residue. Process conditions: pH: 8; room temperature: 30°C; contact time: 140 min; adsorbent dose: 30

g/L and stirred at 200 rpm.

R? values are in the following order: Freundlich
(0.954)> Temkin (0.9261)> Langmuir (0.7551);
suggests that the experimental values of the adsorption
of CN onto the CARC, fitted to the Freundlich model; its
value of n> 1, supports that the adsorption of the CN\" is
favorable and occurred in multilayers (physisorption);
this according to Tsunatu et al. (2015) and Halet et al.
(2015); both find that their data fitted to the Temkin and

Freundlich model, they report that the adsorption of CN
did not occur in monolayer.

For the Langmuir isotherm, the maximum
monolayer adsorption capacity is found to be 5.42 mg
CN/g CARC; its value 0 <RL (0.67) <1 indicates that
adsorption is favorable, according to Mondal et al.
(2019) and Tsunatu et al. (2015) that they found,
experimental values of 0 <RL <1 when removing
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cyanide with coke charcoal and shea seed husk
respectively. However, the maximum adsorption
capacity obtained in the equilibrium; It is relatively low,
compared to the results obtained by Halet et al. (2015)
and Stavropoulos et al. (2015); the first when using
active carbon of similar support obtains 20.04 mg CN’/g
at 20 °C; it should, which applied higher temperature

(700 °C) and activation time (2 h); the second, by using
active carbon D45/2 - Carbo Tech obtains maximum
adsorption capacities of 28.3 and 21.25 mg CN/g, for
20 °C and 30 °C respectively and indicates that at low
adsorption capacity there is a weak adsorption
mechanism between cyanide and coal.

Table 3: Parameters and their values for the adsorption isotherms of the CN" onto the CARC

Models Parameters Coefficients
Freundlich
R? 0,954
n 1,447
1/n 0,691
K (L/mg) 0,12
Langmuir
R? 0,7551
Qax (MO/Q) 5,42
b (L/mg) 0,01
R. 0,67-0,42
Temkin
R? 0,9261
B (mg/q) 1,08
A 0,11

The effect of contact time was studied (Fig. 5).
The experimental results of equilibrium concentrations
(Ce) were carried out at room temperature (30 °C), with
different times (20 - 200 min) and initial concentrations
of 80, 100, and 120 mg/L at pH 8. Adsorption of cyanide
onto CARC was very gradual, and the percentage of
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7] th th
h o hh o th
IR N N
T T 1
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=

7]
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adsorbed cyanide increased for the initial low
concentrations. That is, the adsorption efficiency
depended of the initial cyanide concentration (Asgari et
al., 2012), this is explained by the saturation of the active
sites of the CARC as the concentration of CN" is higher
in the solution (Eletta et al., 2016; Dwivedi et al., 2016).

—e— 120 mg/L
—e— 100 mg/L
—e—30 mg/L

0 50 100 150

200 250

Contact time (minutes)

Fig. 5. Effect of contact time (20-200 min.) of the adsorption of the CN- onto the CARC. Process conditions: pH: 8;
temperature: 30 °C; adsorbent dose: 30 g/L; initial cyanide concentration: 80, 100 and 120 mg/L; rpom: 200

The adsorption kinetics of the CN- onto the
CARC was studied according to the graphs for the
kinetic models of the first pseudo (Fig. 6a) and second-
order (Fig. 6b), as well as the intraparticle diffusion
model (Fig. 6¢). The kinetic parameters with their results
(Table 4) suggest that the adsorption kinetics of the CN'
onto the CARC, fitted to the pseudo second-order
model. For the three initial concentrations under study
(80, 100, and 120 mg / L), their R? values of the three
equations: 0.991, 0.993, 0.993, are greater than the R?
of the intraparticle diffusion model (0.999, 0.981, 0.983)

© 2020 Global Journals

and that of pseudo-first order (0.974, 0.881, 0.905).
Eletta et al., (2016) and Tsunatu et al., (2015) in their
studies found that the kinetic models of pseudo-second
order explained the adsorption of cyanide onto the
calcined egg shell and Shea Butter Seed Husk carbon,
respectively.

Fig. 6¢c represents the correlation of the
experimental data to three different initial concentrations
and shows multilinearity; the first linear portion of 0 to
4.47 min®3, is the steepest part, explains the immediate
use of the active sites of the CARC by the CN; It is



generally attributed to the diffusion of the boundary layer
(Dwivedi et al., 2016). The section from 4.47 to
6.32 min®® suggests that the internal diffusion process is
a very gradual stage and illustrates the diffusion of
macropores. The third portion represents the final stage
of equilibrium or adsorption process itself, suggests the
diffusion of micro and mesopores (Gupta et al., 2012);
gradual for the adsorption of the CN- onto the CARC.

According to R? values> 0.98, (for all three equations),
the intraparticle diffusion model responds to the
adsorption kinetics of the CN onto the CARC and
suggests the diffusion of CN directly into the pores
(Halet et al., 2015), so that intraparticle diffusion was not
the limiting stage, during the adsorption process of the
CN- onto CARC.

140 + €120 mg/L
120+ b ® 100 mg/L
en @80 mg/L
£ 100 + ¢
o g0 + ¥ =0,4457x+ 7,4642
.g R*=10,9932
g 60T v =0,4863x+10,297
S 40 T R*=0,9925
= 0t ¥y=0,6134x+11,717
R2=0,991
0 : : : |
0 50 100 150 200
Time (minutes)
2.50 T
c @120 mg/L
2.00 4 ._’...-O ©100 mg/L
. eoe® @30 mg/L
_ e s ¢
B 1.50 o L e®
g o ® ¥=0,0686x+1,1777
; 100 | R?=0,9834
¥ = 0,0742x +0,8965
0.50 - R=0,9812
¥ =0,0608x+ 0,723
R2=0,9893
0.00 : : :
0 5 10 15

t/1/2 (min"0.5)

Fig. 6: Kinetic models: a) Pseudo-first order; b) Pseudo-second order; c) intraparticle diffusion, for the adsorption of

CN onto CARC. Process conditions: pH: 8; temperature: 30 °C; adsorbent dose: 30 g/L; initial cyanide

concentration: 80, 100 and 120 mg/L; rpm: 200

© 2020 Global Journals

Issue [

(H) Volume XX

Research

Frontier

Global Journal of Science



Global Journal of Science Frontier Research (H) Volume XX Issue I Version I E Year

Tabla 4: Details of the parameters with their kinetic values for the adsorption of the CN" onto the CARC

Pseudo-first order model

Pseudo-second order model

Intra particle diffusion model

Co
K q . .

mg/l) K, (i/s o (M R? 2 e R?  Kdi(mg/gmin®® C(m R?
(mg/l) K (1/s) qe (mglg) @mas) (M) (mg/g min®)  C(mg/g)

80 0,014 076 097 0,032 1,63 0,99 0,061 072 099
100 0,021 153 0,88 0,023 2,06 0,99 0,074 090 098
120 0,015 103 091 0,027 2,24 0,99 0,069 118 098

IV. CONCLUSIONS REFERENCES

The optimization study was carried out and the
equilibrium models of Freundlich, Langmuir and Temkin
were evaluated, as well as the kinetic models of pseudo-
first order, the pseudo-second order and intraparticle
diffusion of the CN" adsorption process onto the CARC
obtained from coffee residue. The FTIR, XRD analyzes
confirmed the structural change of the precursor to
activated carbon. The optimization study suggests that
the adsorption process of CN- by CARC is sensitive to
pH; With its value of 8, it reached 54.68% adsorption
percentage and 67.65% for the predictive level. The
factorial regression coefficient of 98.59% of its analysis
of variance showed that the study was consistent. The
larger R?, for the equilibrium and kinetic studies, showed
that the experimental data for cyanide adsorption onto
the CARC, fitted to the Freundlich model (0.954) and
pseudo-second order (> 0.99) respectively and
intraparticle diffusion (> 0.98) responds to the
adsorption kinetics of the CN" on the CARC. The values
of 0 <RL (0.67) <1 and n (1.45)> 1, for the Langmuir
and Freundlich isotherms, respectively suggest that the
adsorption of CN° on the CARC is favorable and
according to the equlibrium model of Langmuir,
maximum adsorption of 5.42 mg of CN/g of CARC is
obtained. The feasibility of preparing activated charcoal
using the spent coffee residue as support and could be
used as adsorbent potential in the decontamination of
wastewater containing low concentrations of CN s
demonstrated; however, new procedures for activating
coffee residue, at different impregnation rates of H,PO,
and temperatures for chemical activation, could be
studied to modify its surface and improve its adsorption
capacity of CN".
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