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Cyanex 923 for Phenol Removal from Aqueous Media

Irma Pérez-Silva , Israel S. Ibarra , A. Castañeda-Ovando ,
C. A. Galán-Vidal , andMa. Elena Páez-Hernández
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Microcapsules of cellulose acetate with Cyanex 923 were prepared and used in this study for phenol removal from water
and synthetic textile wastewater. The influence of several factors on the microcapsules extraction efficiency was studied, as
well as characterization and phenol adsorption isotherm. Microcapsules characterization demonstrated the extractant reagent
encapsulation, while in a batch mode procedure, good adsorption of phenol (ca. 5.5 × 10−3molKg−1) has been reached. A slight
decrease in phenol extraction percentage was obtained when synthetic textile wastewater was used (ca. 4.955 × 10−3molKg−1),
although a decrease in color was observed due to dye microcapsule extraction. Results indicate that this method is a promising
alternative to conventional phenol removal technologies for aqueous samples of low phenol concentrations or in textile effluents.

1. Introduction

Cellulose acetate is the most studied and most widely used
cellulose ester derivative. It can be obtained through reaction
of cellulose and acetic anhydride, in which hydroxyl groups
are replaced by acetate groups; the properties of the obtained
polymer will depend on the substitution degree [1].

Formore than 100 years, cellulose acetate has been part of
newmaterials such asmembranes, powders, fibers, hydrogels,
beads, and microbeads, the latter in a range of 1–1000mm.
Cellulose particles are also hydrophilic and exhibit a high spe-
cific surface area and good swelling properties. Spheres (solid
matrix particles) and capsules (hollow reservoir particles)
made of cellulose have been used for controlled release and as
a sorbent material because they are cheap and innocuous and
have excellent physical properties [2]. The versatility of the
use of cellulose particles in chemical species sorption lies in
the fact that they can be functionalized tomake them selective
and increase their extracting ability [3].

For cellulose spheres, various publications report their
use in the extraction of heavy metals such as lead [4],
chromium [5], and cadmium [6]. The sphere preparation
process followed strategies such as introducing phosphate

ester groups into the cellulose porous sphere [4], mixing
cellulose with nanochitosan as a crosslinking agent [7], or
grafting vinylbenzyl chloride onto cellulose microspheres
followed by amination [5].

In the case of cellulose capsules, as far as we know, there is
just one report where capsules are prepared from a magnetic
microsphere made of cellulose nanocrystals; the polystyrene
microsphere filler is dissolved with acetone, leaving a mag-
netic shell [8]. Thus, even when there are reports of extrac-
tant-filled capsules made with synthetic [9–16] and natural
[17] polymers, the preparation and use of cellulose capsules
for the removal of chemical species remains an issue that has
not been developed.

Considering the above, the purpose of this work is to
develop biocapsules made of cellulose acetate for the elimi-
nation of phenol. The relevance of the removal of this com-
pound lies in the fact that exposure to phenol levels between
9 and 25mg L−1 causes health problems, due to their toxic,
mutagenic, carcinogenic, and teratogenic effects [18]. Phenol
exists In the environment due to the activities of chemical,
oil, pharmaceutical, or tinctorial industries and can penetrate
ecosystems as a result of drainage off the municipal or
industrial sewage to surface water [19]. For this reason,

Hindawi
Journal of Chemistry
Volume 2018, Article ID 9506489, 8 pages
https://doi.org/10.1155/2018/9506489

http://orcid.org/0000-0001-7600-6706
http://orcid.org/0000-0001-8449-9774
http://orcid.org/0000-0003-0759-3198
http://orcid.org/0000-0001-8302-3010
http://orcid.org/0000-0003-0118-6049
https://doi.org/10.1155/2018/9506489


2 Journal of Chemistry

numerousmethods have been developed for phenol removal,
such as biodegradation, chemical, electrochemical, and
photocatalytic oxidation, solid phase extraction, ozonation,
liquid–liquid extraction, pervaporation, and distillation [20],
with some problems such as the generation of secondary
pollutants andhigh energy consumption.This shows the need
to develop new green treatments such as the one we are
proposing.

Thus, in this work, a cellulose acetate biopolymer was
used for the development of microcapsules containing
Cyanex 923, a solvating reagent which has proven to be a
good phenol extractant in studies on liquid–liquid extraction
[21], supported liquid membranes [22, 23], and solvent
impregnated resins [24], among others. Variables such as the
amount of extractant, pH of the aqueous solution, extraction
time, and reusability were studied during phenol removal
experiments. This information was vital to understand the
principles that govern the sorption process and for scaling
it up to a practical batch system for phenol extraction from
synthetic wastewater.

2. Experimental

2.1.Materials. Organic reagents, dimethylformamide (DMF),
cellulose acetate (CA), sodium dodecyl sulfate, phenol (Ph),
andNaOHwere obtained fromAldrich (Sigma-Aldrich,MO;
ACS grade). The extractant trialkylphosphine oxide (Cyanex
923) (Cy) was supplied by Cytec Industries Inc. (Hermosillo,
Mexico); ethanol and indigo dye were obtained from local
stores. Deionized water was obtained from a MilliQ Plus
system (Millipore, MA) with a resistivity of 18.2MΩ cm
and used for phenol solutions and during the capsules’
preparation process.

2.2. Preparation of Cellulose Acetate Microcapsules with
Cyanex 923 (CA-MC-Cy). Microcapsules were prepared by
the phase inversion precipitation technique as follows: 1.2 g of
CA was dissolved in 15mL of DMF; then, different amounts
of extractant were added to the CA solution and the resulting
mixture was stirred for 15min at room temperature. The
prepared dispersed phase was then added dropwise to the
continuous phase [sodium dodecyl sulfate (0.5%w/v) in an
ethanol–water solution (3–10, v/v)] using a syringe with a
needle (OD: 0.36mm). Finally, the obtained CA-MC-Cy was
washed with deionized water several times and dried at 45∘C
for 24 h [12, 25]. Free Cyanex capsules (CA-MC) were made
in a similar way but without including the extractant in the
preparation process.

2.3. Characterization of CA-MC-Cy. FTIR spectra of the
microcapsules with Cyanex were assessed using an FTIR
spectrophotometer (PerkinElmer System 2000), performed
in the range of 500–4000 cm−1. The CA-MC-Cy morphology
was analyzed using scanning electron microscopy (SEM)
(JEOL JSM-63000 microscope) (5.0 kV; 22x, 50x, and 500x).
Energy dispersive X-ray (EDX) analysis for capsules with and
without Cyanex was performed using a scanning electron
microscope (SEM) model JEOL JSM-5600LV. To determine

the amount of extractant lost during microcapsules prepara-
tion, several Cy solutions were prepared in the continuous
phase where capsules without an extractant were prepared.
Each one of these solutions was analyzed in a PerkinElmer
GX Raman FTIR equipped with an Nd:YAG laser (1064 nm)
and an InGaAs detector. The intensity of the characteristic
band of the phosphine group at 1110 cm−1 was used to
construct a calibration curve; with this, the encapsulated
amount of Cy (and the one that was lost, by difference) was
calculated at several casting Cy solutions.

2.4. Phenol Adsorption Experiments. 50mL of phenol aque-
ous solution (25mg L−1) was mixed with a weighed amount
of CA-MC-Cy for 7 hours.The total Ph sorbed was calculated
according to the following equation:

molPh = 1000 (𝐶0 − 𝐶𝑒)
𝑉

MWPh
, (1)

where 𝐶
0
is the phenol concentration (mg L−1) in the initial

solution, 𝐶
𝑒
is the phenol concentration (mg L−1) in the

solution at the end of the adsorption experiment, 𝑉 is the
aqueous solution volume (L), andMWPh is phenol molecular
weight.

During adsorption experiments, samples were manually
taken for phenol spectrophotometric quantification accord-
ing to Woolard and Irvine [31] in a Lambda 40 UV/Vis
Spectrophotometer (PerkinElmer) at 510 nm.

2.5. Reusability of CA-MC-Cy. For reusability studies, 2 g
of CA-MC-Cy-Ph (obtained after phenol extraction) was
placed in a beaker containing 50mL ofNaOHat 0.25mol L−1.
The mixture was shaken for 15 h and the Ph-free capsules
were washed with deionized water and reused for a new
phenol adsorption experiment. This procedure was repeated
4 times. The Ph concentration in the aqueous solution was
determined spectrophotometrically every time as described
above.

2.6. Phenol Adsorption from Synthetic Wastewater. In this
experiment, wastewater from a textile manufacturer from
Hidalgo State (Mexico) was used for phenol solution prepara-
tion doped with NaCl (1 g L−1), Na

2
SO
4
(1 g L−1), indigo dye

(500mg L−1), and phenol (25mg L−1) [32]. The experiment
was conducted similarly to those where deionized water was
used.

3. Results and Discussion

3.1. Characterization of Capsules. Samples of CA-MC
and CA-MC-Cy were analyzed using scanning electron
microscopy (SEM). According to Figure 1(a), it is possible to
observe that microcapsules were not spherical but elliptical.
The SEM images of the microcapsules’ cross section
observed in Figure 1(b) showed the hollow core of the MC
and a thin layer thickness of ca. 200𝜇m. The diffusion of
DMF into the water and the ethanol–water diffusion into
the CA polymer solution form the skin capsule, while the
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Figure 1: Scanning electron micrograph for (a) cellulose acetate microcapsules with Cyanex 923 at 1mol L−1 (22x); (b) cross section of CA-
MC-Cy (50x); (c) cellulose acetate capsules surface (500x); (d) surface of CA-MC-Cy (22x).

hydrophobic Cyanex is trapped inside the capsule during the
polymerization process.

CA-MC from Figure 1(c) shows thin wrinkles that orig-
inated by the slight shrinkage of the sphere after the drying
process. Conversely, the surface of CA-MC-Cy does not look
contractedwhich can be attributed to the humectant action of
the Cyanex contained in the capsule (Figure 1(d)). However,
small aggregates (nodule structures) may be noticed on the
capsule surface [33]; this is a consequence of rapid polymer-
ization due to the increased hydrophobicity of the dispersed
phase by Cyanex addition. The above is reflected in the
estimated diameter of the microcapsules, being lower in the
case of spheres without Cy (2.05mm, 𝑛 = 8) than those
prepared with the extractant (2.28mm, 𝑛 = 8).

To confirm the existence of Cyanex 923 in the prepared
microcapsules, the infrared spectra of CA-MC, Cyanex 923,
and CA-MC-Cy were obtained. In Figure 2(a), Cyanex 923
spectrum shows characteristic peaks: one for phosphine
group located at 1148 cm−1 corresponding to the stretching
vibration of P=O and one more at 1460 cm−1 for the anti-
symmetric stretching vibration of P-C. Additionally, bands at
2856 and 2925 cm−1 correspond, respectively, to asymmetric
and symmetric stretching for CH

2
of the alkyl chain [10].

On the other hand, the spectrum from Figure 2(b) shows
the typical peaks of cellulose acetate [34]: 1739 cm−1 (C=O
st.), 1368 cm−1 (CH

3
sym. def.), 1226 cm−1 (C-O st.), and

1031 cm−1 (C-O-C st.).
Bands for Cyanex-cellulose acetate microcapsules at

1157 cm−1 corresponding to P=O stretching for phosphine
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Figure 2: Infrared spectrum for (a) Cyanex 923, (b) cellulose acetate
microcapsules, and (c) cellulose acetate microcapsules with Cyanex
923 at 1mol L−1.

group and P-C vibration at 1460 cm−1 in Figure 2(c) demon-
strate that Cyanex 923 was successfully incorporated into the
MC.

Energy dispersive X-ray (EDX) analysis was performed
on CA-MC and CA-MC-Cy prepared from several Cy cast-
ing solution concentrations. Results showed a 0% weight
percentage of P for CA-MC and a logarithmic increase for
CA-MC-Cy (3.1, 3.6, 4.0, 6.4, and 6.3 for MC prepared from
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Figure 3: Phenol extraction to CA-MC-Cy prepared with several
casting solutions containing different concentrations of Cyanex
923 (e) and Cy amounts in MC calculated from IR analysis (△).
Experimental conditions: 50mL of phenol at 25mg L−1 (pH = 6),
0.25 g of CA-MC-Cy, 7 hours of experimental time.

0.1, 0.25, 0.35, 1.00, and 1.5molCy L−1 in casting solutions,
resp.).

3.2. Variation of Cyanex 923 Concentration during Capsule
Preparation. In order to find the best extractant concentra-
tion for phenol sorption, microcapsules were prepared in
various solutions at Cyanex concentration in the range from0
to 1.5mol L−1.The results shown in Figure 3 demonstrate that
phenol extraction is due to the presence of Cyanex in capsules
since less sorption (ca. 0.1mgPh) is obtained with CA-MC.
This interaction can be described with a 1 : 1 reaction as
follows [23]:

Phaq + CyMC  Ph ∙ CyMC (2)

On the other hand, it can be noticed that the sorption
capacity ofMC increases with the amount of Cyanex 923 used
during the capsule preparation; this is a consequence of the
more extractant entrapped in the microcapsule due to the
higher amount of Cyanex available in the casting solution.
In addition to those mentioned in the manuscript, a 2M
Cyanex solution was used to prepare the capsules without
success (capsules were not formed). However, it should be
said that capsules prepared with Cy 1.5M casting solution,
apparently stable, caused the appearance of turbidity at the
end of the extraction experiment as a consequence of the
mass release of the MC. This could be the reason why the
phenol sorption decreased significantly with MC prepared
with 1.5MCy concentration. According to this, the Cyanex
concentration value of 1mol L−1 casting solution was selected
to carry out the following experiments.

3.3. Modification of the pH of the Aqueous Solution in Sorption
Studies. In order to assess the influence of the aqueous phase

Table 1: pH modification of aqueous solutions and its effect on
phenol extraction. Experimental conditions: 50mL of phenol at
25mg L−1, 0.25 g of CA-MC-Cy prepared with 1mol L−1 of Cyanex
923, 7 hours of experimental time.

Solution pH value Phenol sorption (mol Kg−1)∗

1 2.00 (3.35)
3 2.10 (5.89)
5 2.01 (4.10)
6 1.93 (3.39)
11 1.59 (7.95)
∗Relative standard deviation in percentage (% RSD), 𝑛 = 3.
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Figure 4: Effect of mass of CA-MC-Cy on the phenol extraction
from aqueous solutions. Conditions: 50mL of phenol at 25mg L−1
(pH = 3), 7 hours of experimental time.

composition, the pH value of phenol solutions was adjusted
in a range from 1 to 11 by the addition of NaOH or HCl prior
to the sorption step.

Results presented in Table 1 confirm the solvation mech-
anisms by which phenol is extracted with Cyanex. Thus, a
decrease of the phenol sorption occurs at a pH value of 11 as a
consequence of the growing phenol dissociation (pKaPhenol =
10) [35]. Conversely, there was no significant change in
phenol removal at the pH range from 1 to 6, for which a pH
value of 3 was chosen for subsequent experiments.

3.4. Effect of CA-MC-Cy Mass. To increase the phenol sorp-
tion, the amount of capsules in different sorption experiments
was increased from 0.1 to 2 g (Figure 4). As expected, an
increase in the Ph sorption is observed due to an increase
of available sites for the extraction process [36]. Therefore,
further experiments were performed with 2 g of capsules.

3.5. Effect of Contact Time. This study allows evaluating
the time at which equilibrium is reached in the extraction
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Table 2: Freundlich and Langmuir constants for phenol sorption on CA-MC-Cy. Experimental conditions: 50mL of phenol at 25mg L−1
(pH = 3), 2 g of CA-MC-Cy prepared with 1mol L−1 of extractant reagent, room temperature.

Langmuir isotherm Freundlich isotherm
𝑄
𝑜
(mg g−1) 𝐾

𝐿
(Lmg−1) 𝑅2 𝐾

𝐹
(L g−1) 𝑛

𝑜
𝑅2

5.74 1.77 0.953 27.28 0.58 0.734

Table 3: Comparison of the phenol adsorption capacity (𝑞) of several adsorbents derived from natural material.

Adsorbent material Phenol adsorption capacity, 𝑞 (mg g−1) Reference
Coke breeze 0.18 [26]
Natural zeolite modified with surfactant

0.7647 (HDTMA)
1.2977 (BDTDA) [27](hexadecyltrimethyl ammonium bromide, HDTMA, and

benzyltetradecyl ammonium chloride, BDTDA)
Vegetable sponge (cylindrical loofa) 5.0715 (23∘C) [28]
Cellulose capsules 5.74 This work
Rice husk and rice husk char 7.9 [26]
Activated carbon from Terminalia arjuna nut 11.175 [29]
Chitin purified powder from shrimp shells 16.1 [30]
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Figure 5: Evaluation of contact time in the extraction of phenol with
CA-MC-Cy. Experimental conditions: 50mL of phenol at 25mg L−1
(pH = 3), 2 g of CA-MC-Cy prepared with 1mol L−1 of Cyanex 923.

process. The experimental results from Figure 5 show that
the adsorption capacity increases over time and that most
of the phenol is extracted during the first 5 h, although the
equilibrium is reached until 24 hours. Therefore, the contact
time in the isotherm study was 48 h, enough for reaching the
extraction equilibrium.

In order to establish the best-fit isothermmodel, the sorp-
tion data varying phenol concentration from 5 to 100mg L−1
was analyzed using Langmuir and Freundlich equations [37].

According to Table 2, Langmuir’s model represents phe-
nol sorption by CA-MC-Cymore adequately than Freundlich
model. Thus, this process is characterized by having uniform
adsorption energies on the surface, where there is no trans-
migration of the adsorbate. On the other hand, 𝑅

𝐿
values

confirm the suitability of the use of CA-MC-Cy for phenol
recovery since its values range between 0.006 and 0.113 [38].

According to the results, the obtained quantity of Cy in
the CA-MC-Cy (Figure 3) exceeds the maximum sorption
capacity predicted by Langmuir (0.06 in molPh kg−1) which
can be attributed to the fact that as the adsorption process
happens, the possibility of finding the available active sites
is lower since it gradually carries out surface coverage. The
above agrees with the data obtained in Section 3.2 (amount
of Cy in the MC), since in all cases there is an excess of
the extractant agent regarding the amount of Ph present in
the solution without having good percentages of adsorption
in all cases. This difference may probably be due to the use
of low concentration solutions (diluted) or because of the
difficulties in the Ph-Cy interaction, which agrees with the
low equilibrium constant (1.05 × 103m3 Kmol−1) [22].

It is important to note that the sorption capacity calcu-
lated by Langmuir for CA-MC-Cy is not high; however, it
remains competitive compared to other biodegradable adsor-
bents derived from natural materials used for the removal of
phenol (Table 3).

3.6. Regeneration and Reuse of the Microcapsules. The reuse
capacity of the CA-MC-Cy is an important feature that could
describe the stability and durability of the microcapsules. To
carry out this process, CA-MC-Cy-Ph must first be regen-
erated by removing the contained phenol using alkaline
solutions to form phenolate which is not retained by Cyanex
[22, 23, 35]. Afterwards, the regeneratedCA-MC-Cywas used
again for phenol extraction in several cycles.
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Figure 6: Reusability studies of CA-MC-Cy for phenol extraction.
Experimental conditions for the extraction step: 50mL of phenol at
25mg L−1 (pH = 3), 2 g of CA-MC-Cy prepared with 1mol L−1 of
extractant reagent. Experimental conditions for the recovery step:
2 g of CA-MC-Cy-Ph and 50mL of NaOH 0.25mol L−1, 24 h of
contact time.

Although reextraction of phenol remains constant in the
last cycles, Figure 6 shows that phenol extraction capacity of
CA-MC-Cy decreases after the second cycle. This suggests
that the regeneration process with alkaline solutions causes
a significant Cyanex loss due to the emulsification processes
of the extractant in the NaOH aqueous medium [39].

In spite of the above, the use of the prepared capsules
presents important benefits in comparisonwith other sorbent
materials, as it is a biodegradable and inexpensive material
(30¢ per gram of CA-MC-Cy). Nevertheless, it could be
possible to increase the stability of CA-MC by coating the
capsules with another polymer or by using a crosslinker.
This can be an alternative to improve the poor stability that
biopolymers generally have [40, 41].

3.7. Phenol Extraction from Synthetic Wastewater. This study
was conducted by doping wastewater from a textile manu-
facturer from Hidalgo State (Mexico) [32]. Phenol sorption
was 4.95 × 10−3molKg−1 ± 0.9%, around 15 percent less than
that obtained with solutions prepared with deionized water.
However, it is important to note that the extraction of the dye
was also registered, which could have a negative impact on
the extraction of the phenol.

4. Conclusions

Cellulose acetate microcapsules with immobilized Cyanex
923 were successfully prepared by means of phase inver-
sion method for phenol removal from water and synthetic

solutions. Phenol sorption of 5.5 × 10−3molKg−1 was ob-
tained under optimal conditions: 2 g of CA-MC-Cy impreg-
nated with 1mol L−1 of Cyanex 923 and 50mL of phenol
aqueous solution at 25mg L−1 at pH 3.

Thephenol contained in the developedmicrocapsules can
be removed with a solution of sodium hydroxide. However,
studies showed that this can leach the encapsulated extrac-
tant. In order to be able to reuse theMCs, the concentration of
Cyanex used to prepare themicrocapsules could be increased,
or an extractant insoluble in basic media can be used.

The principal advantages of the developed CA-MC-Cy
include its low cost and easy synthesis, besides being made
with a biopolymer. Additionally, the microspheres elaborated
in this study allow the phenol removal even from complex
solutions such as wastewater from textile industries. These
characteristics suggest that these microcapsules have a high
potential for application in the removal of pollutants present
in environmental aqueous samples.
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