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Corn stalk can be used as a potential adsorbent because of its abundance,
cost-effectiveness, and accessible functional groups that allow chemical
modifications. This study aims to synthesize cellulose xanthate alginate
beads (ACX beads) from corn stalks to remove methylene blue from
aqueous solutions. ACX beads with various doses of porogen CaCO3 were
printed using the ionic gelation method, and then characterized using
FTIR, optical microscopy, and SEM-EDX. The results of the FTIR analysis
reported changes in the C-S, C=S, and S-C-S vibrations that indicated the
xanthate formation. Furthermore, as the porogen dose increased, the OH
intensity decreased. The high intensity of the OH group results in a high
swelling process. The results of the optical microscopy analysis showed
that the porogen made the ACX beads spherical. SEM-EDX analysis showed
that the higher the porogen dose, the rougher the surface morphology of
the ACX beads and the larger the pore diameter. The maximum adsorption
capacity was obtained on ACX beads without porogen with a contact time
of 360 hours. The study reveals that the kinetic adsorption followed a
pseudo-second-order kinetic model proposed chemical adsorption. The
larger the porogen, the more crosslinks between the divalent cations and
alginate or cellulose that are formed, inhibiting the bond between the ACX
beads and water and methylene blue, thereby reducing the swelling
process and the adsorption capacity of the ACX beads. In addition, the pore
size that is too large does not match the size of the methylene blue
molecule.
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Introduction

Rapid industrial development has a positive
effect in the form of an increase in the economic
sector, as well as a negative impact on the
condition of dangerous industrial waste, such as
waste containing synthetic dyes. The food, paper,
leather, textile, pharmaceutical, and paint
industries commonly use this dye as a colorant.
Approximately 7 x 105 tons of 1000 dyes and
pigments are produced annually [1, 2].

These carcinogenic azo dyes cause unfavorable
structural changes in the ecosystem when
released into the aquatic environment. The
eutrophication caused by this dye reduces the
oxygen supply capacity of marine organisms and
is extremely harmful to aquatic animals and
plants.
ecological risks to the aquatic biota and can
gradually accumulate in the human body through
the food chain [3, 4]. Methylene blue can cause
serious illnesses such as central nervous system
toxicity, gastrointestinal
discoloration of the brain parenchyma. As a
result, removing dyes and other pollutants from
the quite
challenging and has been raising health and
aquatic sustainability among the
scientific community for some time now [5, 6]. So
far, many strategies
including adsorption,

Toxic synthetic dyes in water pose

infections, and

water reservoirs has become

concerns

have been proposed,
coagulation, membrane
filtration, ion exchange removal, photocatalytic
degradation, biological/aerobic treatment, ozone

Alginate CeIIulose Xanthate Beads

treatment, and catalytic reduction to address this
particular problem [7, 8]. The adsorption method
is superior to the other dye wastewater
treatment techniques because of its advantages,
such as high efficiency, low cost, ease of
operation, and less influence on harmful
substances than other treatment method [9, 10].
The United States Environmental Protection
Agency (USEPA) ranks adsorption as one of the
best control methods [11].

Wastewater treatment uses various low-cost
alternative adsorbents, such as agricultural solid
waste, industrial solid waste, agricultural by-
products, and biomass. For example, clay, mud,
montmorillonite, hemp fibers, zeolites, and
biochars (rice husks, pine wood, wheat, bagasse,
switchgrass, and ficus calica bust) are used as
adsorbents for the treatment of dye effluents in
water areas [12, 13].
natural polymer, cellulose accounts for 40-50%
of the earth's total biomass reserves. Up to 10
tonnes of cellulose produced by photosynthesis
annually are considered as an inexhaustible
green resource [14, 15].

Most cell walls of plants are composed of

As the most abundant

cellulose, hemicellulose, and lignin.

Cellulose is a strong molecule with a hydroxyl
group, a monomer, in which repeating units of
cellobiose units (disaccharide D-glucose) are
bonded in 1, 4-bonds and open between adjacent
glucose units of the same chain or different
chains.
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A linear polysaccharide with intermolecular
hydrogen bonds exists in glucose. This compact
hydrogen-bonded structure is a dense network of
cellulose fibers that provides plant cell walls with
antibacterial properties, toughness, and strength
and is impervious to water and solvents [16, 17].
Hemicellulose is a monomer of pentose and
hexose and is found in plant cell walls at about
20-35% of the dry weight of biomass. Lignin is
present at a dry weight of approximately 10-25%
and acts as a binder between the cellulose and
hemicellulose components [18, 19]. The chemical
functionalization of cellulose is carried out via the
group (OH). Various
functional groups are bonded to cellulose mainly
by esterification. The pathway chosen for this
study was the deprotonation of hydroxyl groups
under strongly alkaline conditions, followed by
the formation of cellulose xanthate by a
nucleophilic attack on carbon disulfide [20]. Like
any xanthate, cellulose xanthate is insoluble in
water, has a higher ion exchange or adsorption
capacity than cellulose, and can be used to
remove methylene blue [21].
functionalized or modified cellulose to remove
various contaminants from water, such as dyes,
bacteria, toxic metal ions, or nanoparticulate
drugs, has been extensively studied in the last
few decades. Porous alginate-cellulose xanthate
beads (ACX beads) made of cellulose, one of the
most prevalent and affordable natural polymers,
have been produced effectively [22, 23]. ACX
beads are used to encapsulate active compounds.
Of the several methods of encapsulating active
compounds, ionic gelation is an interesting
technique as it can be considered as a simple and
easy method, is inexpensive, and does not require
special high temperatures, and
organic [24]. Although  many
investigations have been performed to prepare
adsorbents from corn stalks, significantly less
research has been reported on the utilization of

skeleton's  hydroxyl

The use of

equipment,
solvents

ACX beads from corn stalks for adsorption
purposes. The current study aims to determine
whether removing methylene blue from an
aqueous solution is feasible using ACX beads. The
effect of various operating parameters, including
porogen dosage, contact time, and typical
swelling behavior has been tested.

Materials and Methods

Corn stalks come from Sengkaling Malang
Regency, sodium hydroxide (NaOH) p.a,
hydrochloric acid (HCI) 37% p.a, carbon disulfide
(CS2) p.a, calcium carbonate (CaCO3) p.a, sodium
chlorite (NaClO2) p.a, acetic acid (CH3COOH) p.a,
zinc acetate (Zn(CH3CO2)2), sodium alginate
(C¢H7NaOg) p.a, methylene blue, and distilled
water.

Extraction of cellulose from corn stalks

Corn stalks are cleaned and dried in the sun. The
dried corn stalks were crushed and sieved at a
size of 100 mesh. Furthermore, the corn stalks
were dried at 60 °C for 24 h. A total of 50 g of
corn stalks were immersed in 10% NaOH at 80 °C
for 90 minutes. The pulp was washed with
distilled water. The pulp was added with 1%
NaClO2 and 10% CH3COOH at pH 5 at 75 °C for 60
minutes. Moreover, the pulp was washed with
distilled water until a neutral pH was reached
and hydrolyzed with 5% HCl at 90 °C for 60
minutes to obtain dispersed microfibers. Samples
before and after cellulose extraction were
characterized using FTIR.

Preparation of cellulose xanthate

Cellulose (5 g) was immersed in 20% NaOH for 3
h and allowed to stand at room temperature for
60 h. The cellulose was reacting with CS2.
Furthermore, the cellulose was dissolved in 6%
NaOH and shaken at a speed of 150 rpm at 25 °C
for 3 h to obtain cellulose xanthate. Cellulose
xanthate was characterized using FTIR (Varian
Scimitar 1000) [25, 26].

Effect of porogen dosage

Sodium alginate (2 g) was dissolved in distilled
water (40 mL) and reacted with 10% CH3COOH
until dissolved. The mixture was reacted with
cellulose xanthate with a ratio of alginate:
cellulose = 1:3. Then, the mixture was reacted
with CaCO; (0.5, 1, 1.5 g) and dripped using a
syringe into the crosslink (5% (Zn (CH3CO2)2) and
allowed to stand for 24 h. The ACX beads that
formed were filtered and washed using distilled
water. The ACX beads were reacted with HCI 1

mmol/L in a ratio of 1:8. The ACX beads were
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shaken at 150 rpm for 45 minutes until no
bubbles appeared. The resulting ACX beads were
washed with distilled water until neutral pH was
reached and dried at 37 °C for 24 h [27, 28].

Swelling of ACX beads

ACX beads (30 mg) immersed in distilled water
(12 mL). The ACX beads were weighed at 3,9, 12,
and 24 h, and a swelling study was performed to
determine the swelling behavior of the ACX
beads. The analysis of the swelling behavior of
the ACX beads was carried out with variations in
the porogen dosage [29, 30].

Adsorption

The batch adsorption experiment measured the
adsorption capacity of methylene blue on ACX
beads. The adsorption capacity was determined
by reacting 100 ppm methylene blue (10 mL)
with ACX beads (1 mg) at various contact times of
24, 48, 93, 360, 384, and 408 h. A UV-Vis
spectrophotometer (Varian Cary 50) was used to
determine the methylene blue concentration at
665 nm [31, 32].

Results and Discussion
Preparation of ACX beads

This study synthesized ACX beads. The cellulose
is derived from corn stalks and then modified
into cellulose xanthate. ACX beads were printed
using the ionic gelation method. Dried corn stalks
were delignification using NaOH. Delignification
causes a break in the bond between lignin and
cellulose. NaOH can remove some components of
lignin and hemicellulose [33, 34]. NaOH solution
destroys and makes the previously strong and
tightly bound fiber bonds disappear by breaking
the cellulose structure. The breaking of hydrogen
bonds between lignin with cellulose and
hemicellulose was characterized by a significant
decrease in lignin during treatment, resulting in
the degradation of the fiber structure [35]. With
NaOH, lignin is delignified, producing a black
liquor-like filtrate that is dark brown and
contains dissolved lignin, as displayed in Figure 1.
It is still possible for cellulose from delignification
to contain lignin, which has a brownish color, so
bleaching is necessary. The bleaching agent used

is NaClO; because it is stable at
temperature. The oxidizing agent ClO;
degrade lignin without damaging the cellulose
structure. Cellulose, as a result of bleaching, is
white, as shown in Figure 1. NaClO; solution can
destroy lignin into simpler compounds and
produce a permanent white color [36]. The
weight of corn stalks powder produced after
extraction decreased from 50 g to 31.37 g. The
weight loss was due to the loss of non-cellulose
compounds in corn stalks, such as hemicellulose
and lignin, which had been hydrolyzed into
simpler glucose.

The yield of cellulose produced was 37.26%.
Cellulose has a reactive group in the form of
hydroxyl (OH), which is dispersed uniformly on
the cellulose side to create hydrogen bonds
between cellulose molecules. Cellulose must be
transformed into cellulose xanthate to remove
the hydrogen bonds preventing cellulose from
dissolving directly in water and other organic
solvents. NaOH and CS; reagents are used to
create cellulose xanthate. After adding these
compounds, the xanthate group on cellulose will
take the place of the hydroxyl group. The
cellulose xanthate produced is orange in color
[37, 38]. The dropping technique made ACX
beads. This technique is done by dripping
alginate cellulose xanthate into a zinc acetate
solution using a syringe. The alginate cellulose
xanthate composite was reacted with CaCO; as a
porogen with variations of 0.5, 1, and 1.5 g to
obtain ACX beads with the best pores. The ACX
beads that had been left for 24 h were then
washed using 1 mmol/L HCl for 45 minutes to
remove CaCO;. Subsequently, it was heated at 37
°C to remove the moisture content [39, 40].

room
can

Effect of porogen dosage

The difference in porogen dosage affects the
swelling behavior of the ACX beads. With larger
the porogen, the swelling process of the ACX
beads is decreased. The greater the porogen, the
more crosslinks between divalent cations and
alginate or cellulose are formed, thereby
inhibiting the bond between ACX beads and
water, decreasing the ACX beads

process.

swelling
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Figure 2: Swelling process ACX beads with the variation of porogen dosages and contact time

This is because alginate can crosslink with Ca2+
ions from the porogen. The diameter of ACX
beads decreased with increasing porogen
dosages of 5.57, 4.81, and 4.19 mm, respectively.
These pores cause the ACX beads to swell longer
so that less water is absorbed. In addition, the
increase in porogen dosage makes the surface of
the ACX beads rougher [41, 42].

Effect of contact time

The difference in contact time affects the swelling
behavior of the ACX beads. The longer the contact
time, the greater the ability of the ACX beads to
absorb water. ACX beads with 1 and 1.5 g of
porogen had an optimum time of 12 h.
Conversion of polymer into gel matrix has
reached the optimum point at 12 h. Diffusion
occurs when the ACX beads have passed the
optimum swelling point and the impermeable
substance flows through the pores in the polymer
matrix [43, 44].
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Swelling of ACX beads

A swelling study was conducted to determine the
adsorption ability of ACX beads. The swelling
process of ACX beads was determined with
variations in porogen dosage 0.5 g (P-0.5), 1 g (P-
1), 1.5 g (P-1.5), and contact time 3, 9, 12, 24 h.
Differences in porogen dosage and contact time
affect the swelling process of the ACX beads.
Based on Figure 2, the highest swelling process
was found in ACX beads without porogen (WP)
with a contact time of 24 h [45, 46].

Characterization

The characterization of ACX beads
performed using FTIR, an optical microscope, and
SEM EDX. FTIR (Varian Scimitar 1000) to
determine the functional groups formed, an
optical microscope to determine the shape and
diameter of ACX beads, and SEM-EDX (Hitachi TM
3000) to determine the surface morphology and

elemental content [47, 48].

was

FTIR characterization

The functional groups of the ACX beads were
examined utilizing FTIR in the wavenumbers
range of 4000-400 cm-1. Figure 3 illustrates the
FTIR spectra of corn stalks powder, extracted
cellulose, cellulose xanthate, and ACX beads. In
the IR spectrum of the extracted cellulose, it can
be seen that there was a change at 1457 cm'!
(C=C aromatic), 1251 cm?! (CH2 symmetric
bending), and 1049 cm! (C=0 stretching). The
loss of the wave number indicates the loss of
lignin compounds. In the IR spectrum of cellulose
xanthate, IR vibration peaks appeared at 520 cm-!
(C-S), 1000 cm? (C=S), and 1117 cm? (S-C-S),
indicating the reaction of xanthate formation [49,
50]. According [51], wave numbers 580, 1030,
and 1156 cm! indicate the presence of C-S, C=S,
and S-C-S groups, which are xanthate groups. The
wave number of corn stalk powder, extracted
cellulose, and cellulose xanthate are summarized
to provide a clear comparison of the changes in
functional groups among these materials (Table
1). The spectra of IR ACX beads with variations in
porogen dosages are depicted in Figure 4. The
spectrum of IR ACX beads with porogen is

different from that without porogen, namely at
3735 cm?! (free OH) and 1303 cm?! (C=C
aromatic), which identified changes in the
hydrophilic carrier functional groups [52].

Table 2 details the wave number of ACX beads
with the variation of porogen dosage, highlighting
these  differences.  According to [53],
hydrophilicity is balanced by the presence of free
carboxylic acid groups and hydroxyl groups
the crosslink. According to [53],
hydrophilicity is balanced by the presence of free
carboxylic acid groups and hydroxyl groups
inside the crosslink.

inside

The wave number of 3447 cm-! indicates the OH
group in the ACX beads, and the intensity
decreases with the addition of porogen. The OH
group is a carrier of hydrophilic properties.
Therefore, the higher intensity leads to higher
hydrophilic properties. According to [54], the
hydrophilic groups in the polymer network
significantly affect swelling behavior and are
crucial to swelling.

The OH group on the ACX beads had a high
intensity, which resulted in a high swelling
process. The group is derived from ACX beads,
which can bind water molecules from the
swelling process. The COOH group also has a
hydrophilic nature at 1303 cm'l. The wave
number of 1303 cm-! decreased with the addition
of porogen to the ACX beads.

SEM-EDX characterization

The morphological changes on the surface of the
ACX beads with the variation in porogen dosage
were clarified by SEM-EDX. The SEM image is
demonstrated in Figures 5 and 6. Accordingly, it
can be seen that the ACX beads have a round
shape and a rough surface. The round shape is
produced by crosslinking alginate with divalent
Zn2+ and Ca?+. The formation of pores causes the
rough surface of the ACX beads. From the SEM
image, it can also be seen that the ACX beads have
fold-shaped pores. Porogen is added to form
pores in ACX beads. The range of these pore
diameters is systematically documented in Table
3. Pore diameter range of ACX beads, providing a
comprehensive view of how the pore sizes vary
with different porogen dosages.
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Table 1: The wave number of corn stalk powder, extracted cellulose, and cellulose xanthate

Vibration Corn stalk powder Extracted cellulose Cellulose xanthate
OH stretching 3750 - 3448 - 3451
3445
CH aliphatic (sp3)stretching 2928 2923 -
C=0 stretching 1650 1649 1648
C=C aromatis 1508 1540 -
1457 - -
CH2 symmetricbending 1384 1384 1385
1251 - -
S-C-S - - 1117
C=0 stretching 1049 - -
C=S - - 1000
Beta-glycoside bond 668 668 668
C-S - - 520
)
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Figure 3: FTIR spectra (a) corn stalk powder, (b) extracted cellulose, and c. cellulose xanthate

Table 2: The wave number of ACX beads with the variation of porogen dosage

Vibration Without porogen Porogen 0.5 g Porogenlg Porogen1.5g
OH stretching 3854 3854 3854 3854
3735 3736 3736 3736
3447 3447 3447 3447
CH aliphatic (sp3)stretching 2930 2929 - -
C=0 stretching 1635 1618 1620 1617
C=C aromatis 1417 1425 1425 1425
C-0-C stretching 1303 1303 1303 1303
C-H stretching out of plane of - 876 876 876
aromatic ring
OH bending 816 817 - 818
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Figure 4: FTIR spectra of ACX beads (a) WP, (b) P-0.5, (c) P-1, and (d) P-1.5

Pore size was measured using image-] software,
and the test results are summarized in Table 4.
Table 4 presents ACX beads with higher porogen
doses have larger pore diameters.

Based on the results of EDX, it is known that
there are elements of Ca and Zn in the ACX beads
with the addition of porogen. Ca elements
indicate the presence of porogen CaCO3z material
in the ACX beads, and Zn elements indicate a
crosslinking process between alginate and Zn?+.
Optical microscope characterization

The shape of the ACX beads was observed using
an optical The results of
observations with an optical microscope are
shown in Figure 8. ACX beads with porogen have
a round shape, while ACX beads without porogen
have an irregular shape. The more crosslinking
processes that occur, the rounder the ACX beads
will be. This is because alginates can form
crosslinks with divalent cations such as Zn?* and

microscope.

Ca?+. The crosslinking process the
formation of egg boxes in the alginate chain, as
illustrated in Figure 9. The diameters of these
ACX beads, to understanding their
structural properties and crosslinking effects, are
detailed in Table 5. ACX beads diameter, where
specific diameter measurements
providing insights into the
influenced by the presence or absence of porogen
and the extent of crosslinking. Based on the data
in Table 6, ACX beads without a porogen have a
large diameter. ACX beads with a larger diameter
have a greater swelling process.

causes

crucial

are given,
size variations

Adsorption

The adsorption capacity is an important
parameter to evaluate. Figure 10 shows that the
maximum adsorption capacity is found in ACX

beads with a contact time of 360 hours (142.47
mg g1).
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Figure 6: SEM image of ACX beads with the magnification of 150x (a) WP, (b) P-0.5, (c) P- 1, and (d) P-1.5

Table 3: Pore diameter range of ACX beads

WP (um) P-0.5 (um) P-1 (um) P-1.5 (um)

2.535-3.425 2.922 -5.086 4.120-5.628 7.171-10.291
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Figure 7: EDX spectra of ACX beads (a) without porogen, (b) porogen 0.5 g, (c) porogen 1 g, and (d) porogen 1.5

g
Table 4: Elemental content in ACX beads
ACX beads %0 %S %Ca %Zn
WP 27.97 17.38 - 54.65
P-0.5 33.68 16.23 2.51 47.57
P-1 32.18 8.74 12.73 46.35
P-1.5 31.54 9.36 6.73 50.75

The adsorption capability decreases with an
increasing porogen dosage. The increase in
porogen dosage causes more crosslinks between
divalent cations and alginate or cellulose so that
the swelling is smaller, and this inhibits the bond
between the ACX beads and methylene blue. In
addition, the addition of the porogen CaCOs3;
causes the pores to become larger [55, 56]. The
pore size that is too large does not match the size
of the methylene blue molecule, resulting in a
decrease in adsorption capacity.

Adsorption kinetics

The adsorption kinetics provide important
information about the controlling mechanisms of

adsorption processes, such as mass transfer and
chemical reaction. The adsorption kinetics of
methylene blue on the surface of ACX beads were
investigated using two kinetic models such as the
pseudo-first order and pseudo-second order.
Pseudo-first order [57]:

In (qge - qt) =In ge - kgt (D
Pseudo-second order:
t _ 1 t (2)
gt kiq: qe
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..
ii

Figure 8: The optical microscope of ACX beads (a) WP, (b) P-0.5, (c) P-1, and (d) P-1.5

Figure 9: Interaction between cellulose xanthate beads and alginate reacting with calcium ions.

Table 5: ACX beads diameter

ACX beads Dry ACX beads diameter* (mm) Wet ACX beads diameter* (mm)
WP 1.873 5.657
P-0.5 1.838 5.571
P-1 1.204 4814
P-1.5 1.658 4.186

* indicates the adsorbent amount (n = 10)
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Figure 10: The adsorption capacity of ACX beads with variations in porogen dosage

0,2
. (1]
0 0
00 200 300 ¢ 400 500
02 %
g " \’
i ] [ ]
g‘ 04
- WP
£ P-0.5 o
o il 4
06 [ o p1s
Linear (WP)
Linear (P-0.5) .
-08 ! == Llinear (P-1)

Time (h)

0,05
+ Wp
P-0.5
004 ¢ p1
» P15
—— Linear (WP)
0,03 Linear (P-0.5)
a3 =—t— Linear (P-1) o®
~
* 0,02
0,01
0
0 200 400 600
Time (h)

Figure 11: Kinetic curves of the (a) pseudo-first order and (b) pseudo-second order

Where, ge and gt are the absorption quantity of
methylene blue per unit adsorbent (mg-g-1) at
equilibrium and time t, respectively, ki (h-!) and
k, (h-g'mg-1) are the rate constant for the
pseudo-first-order and pseudo-second-order
adsorption, respectively. The parameters of qe,
ki, and k; can be obtained experimentally from
the slope and intercept of the plot of In (ge - qt)
or t/qtversus t.

The kinetic curves illustrating these models are
depicted in Figure 11. Kinetic curves of the
pseudo-first order (a) and pseudo-second order

(b) visually represent the experimental data and
the fitting of these two models, providing a clear
understanding of the adsorption process
dynamics on the ACX beads. The kinetic
parameters are summarized in Table 6. It is
noticed that the R2 of the pseudo-second-order
model is greater than those of the pseudo-first-
order one. Accordingly, the pseudo second order
model the methylene blue
adsorption on ACX beads where the rate limiting
step is chemical adsorption.

well describes
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Table 6: Adsorption kinetic parameters for methylene blue removal by ACX beads

. ACX beads
Kinetics WP P-0.5 P-1 P-15
Pseudo-first-order
ge 0.837 0.964 0.958 0.958
k1 0.00001 0.0011 0.0008 0.001
R2 0.00008 0.5167 0.4073 0.386
Pseudo-second-

order
ge 25000 11111 20000 33333
k1 0,6 x10-¢ -3,2x10°¢ -1,9x10° 30x10°¢
R2 0.8749 0.8631 0.8104 0.5584

Conclusion Disclosure Statement

This investigation aimed to synthesize ACX beads
from corn stalks to remove methylene blue from
an aqueous solution. ACX beads with various
porogen dosages were printed using the ionic
gelation method and then characterized using
FTIR, an optical microscope, and SEM-EDX. The
results of the FTIR analysis reported that in the
cellulose xanthate spectrum, there was a change
in the C-S, C=S, and S-C-S vibrations, which
indicated that xanthate had formed. The optical
microscope analysis showed that porogen made
ACX beads round, while ACX beads without
porogen’s had irregular shapes. SEM-EDX
analysis showed that the higher the porogen
dosage, the rougher the surface morphology of
the ACX beads and the larger the pore diameter.
The presence of Ca in ACX beads with porogen
indicates the presence of CaCOs;. Meanwhile, the
presence of Zn indicates that the crosslinking
process between alginate and Zn2* has been
formed. The maximum adsorption capacity was
obtained on ACX beads without porogen with a
contact time of 360 h. The study reveals that the
kinetic adsorption followed a pseudo-second-
order kinetic model proposed chemical
adsorption. The adsorption capability decreases
with an increasing porogen dosage. The increase
in porogen dosage causes more crosslinks
between divalent cations
cellulose, which inhibits the bond between the
ACX beads and methylene blue. In addition, if the
pore size is too large, it does not match the size of
the methylene blue molecule.

and alginate or
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