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Abstract

Nanomaterials are widely used for preparation of nanocarriers especially 
in order to overcome problems associated with deficiency of vitamins. Among 
them nanoclay has been introduced as a versatile carrier. In this study nanoclay 
was prepared, modified and applied for adsorption of vitamin B6 as carrier. The 
nanoclay was prepared from bentonite as a naturally available ore and then 
modified using a dispersing agent (sodium Hexamethaphosphate (NaHMP)) 
for improvement of adsorption of vitamin B6 on it. The results showed that the 
adsorption of vitamin B6 on nanoclay was occurred in early stages of experiments 
and adsorption was stopped after 5 minutes indicating a high affinity of vitamin 
B6 to the nanoclay due to cation exchange mechanism. The adsorption kinetics 
was quit similar in different pH. However, the amount of vitamin B6 adsorbed at 
pH=6 was higher than pH=3.2. Amount of adsorption was increased when small 
amount of dispersant was used for modification of nanoclay however it reduced 
by increasing the amount of dispersant. The results indicated that the nanoclay 
can be tuned for improvement of adsorption of vitamin B6 in order to develop 
versatile nanocarriers to fight deficiency of such important species.

Keywords: Nanoclay; Montmorillonite; Vitamin B6; Biomolecule adsorption; 
Cationic exchange mechanism

drugs and biomaterials that have been loaded on montmorillonite 
that proteins (DNA [15], cytochrome c [16], lysozyme and bovine 
serum albumin [17]), antibiotics (metronidazole [18] and tetracycline 
[19]) and vitamins (B12 [10], B1 [12], B6 [20], E [11]).

As the vitamin B6 is protonated in the solution it is possible 
to adsorb it to the montmorillonite through an ionic exchange 
mechanism. In this regards the accessible sites for adsorption of 
vitamin to adsorb is not well investigated. In addition, one of the 
disadvantages of nanoclay in the adsorption of food supplements 
and drugs is that they tend to accumulate together and form larger 
cluster. Consequently, clay nanoparticles adhere together and reduce 
the accessible sites for adsorption. To the best of our knowledge there 
is not enough information about improvement of adsorption of 
vitamin B6 onto montmorillonite by increasing the accessible sites for 
adsorption. Hence, in this study we are planning to apply a dispersing 
agent for increasing the accessible adsorption sites for vitamin B6 and 
to improve the adsorption of vitamin B6 onto nanoclay. Adsorption 
kinetics and Isotherms were tested and calculated by modified 
montmorillonite with different amount of NaHMP in two different 
pH for this purpose.

Materials and Methods
Chemicals

Pyridoxine hydrochloride (>98%, Sigma Aldrich) and Sodium 
hexametaphosphate (>96%, Sigma Aldrich), and Hydrochloric acid, 
HCl (37% w/w, Merck) was used as received. Deionized water (the 
water was purified to a resistivity of ≥18.2 MΩ.cm) was used in all 
experiments. The bentonite sample was provided by Salafchegan 
bentonite mine (Iran).

Introduction
Vitamin B6 is one of the water soluble vitamins which occur 

naturally as pyridoxine, pyridoxal, and pyridoxamine, either free or 
combined with other substances such as phosphate [1]. It helps red 
blood cell regeneration and fat and carbohydrate need it as co-factor 
for neurotransmitters [2,3]. In addition, this vitamin is necessary 
for proper adsorption of vitamin B12. Maintaining healthy nerve 
and muscle cells, production of DNA and RNA are responsibility 
of pyridoxine. Deficiency of vitamin B6 causes Changes in mood, 
such as irritability, anxiety and depression, confusion, muscle pains, 
fatigue, irritability, difficulty concentrating and worsening symptoms 
of anemia. The food sources of vitamin B6 are meat, poultry, fish, egg, 
potato, starchy vegetables. Banana, nut, whole grains and fortified soy 
are other sources [3].

Considering, lack of several very important nutrients such as 
vitamins attempt have been done to prepare food and pharmaceutical 
supplements to overcome this problem [4-6]. In this regards, carriers 
of food and pharmaceutical supplements played an important 
role which among them, nanocarries attracted much attention to 
compensate deficiency of vitamins and proteins [7-9]. Between these 
carriers nanoclay is a promising nano-carrier for this purpose due to 
its superior characteristics such as high surface area, cation exchange 
capacity, non-toxicity, high biocompatibility, and low price [10].

Among clay minerals montmorillonite has been widely used for 
preparation of nanoclay as nano-carrier due to its phenomenon cation 
exchange capacity [11-13]. Montmorillonite is the major component 
of bentonite that is a natural clay mineral with layered structure. 
Due to its 2:1 layered structure with exchangeable cations, different 
molecules could be adsorbed in between the layers.[14]There are many 
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Preparation of nanoclay
In order to prepare nanoclay from bentonite montmorillonite 

particles smaller than 2.5µm were collected using centrifuge force. In 
addition, the dispersant agent was used in different amount in order 
to prepare nanoclay with dispersed particles of montmorillonite. 
Typically, 12 g of dry raw montmorillonite and defined amount 
of NaHMP (0.1, 0.5, 1.5 and 5 g) dispersed in 400mL of deionized 
water and the mixture was mixed for 16hours. Centrifuge force is 
used for physical purification and separating <2.5µm particles of 
montmorillonite [21]. Veiskarami et al. showed that according to 
type of centrifuge, nanoclay and falcon’s diameter montmorillonite 
particles smaller than 2.5µm was achieved by centrifuging at 1000 
rpm for 260s [22]. The time of centrifugation was calculated based on 
stock’s law as followed [21]:

In this equation parameters are defined as follows: t: time of 
centrifuge (s), R: distance from the sediment surface to the axis of the 
centrifuge rotor (13.1cm), S: distance from the liquid to the axis of the 
centrifuge rotor (4.5cm), N: rotation speed, r: maximum radius of the 
desired particles and the liquid dispersion (0.00528gcm-1), ƞ: viscosity 
of the fluid (0.00748P for deionized water).

Hence in order to achieve <2.5µm particles of montmorillonite 
the mixture was centrifuged at 1000rpm for 260s and 25°C. The 
supernatant as a final product was collected and used for adsorption 
experiments.

Adsorption vitamin B6 on montmorillonite
Adsorption kinetics was carried out at initial vitamin B6 

concentration of 0.8mg/mL in deionized water solution at 25°C 
and two different pH (3.2 and 6). 5mL of abovementioned solution 
in desired pH was added to 50mg of montmorillonite. In order to 
plot adsorption kinetics mixing times was set for different durations 
of 5,10,20,30,45, 60,90,120,180,270, and 360 minutes. Then the 
mixture was centrifuged at 5000rpm, 25°C for 5min and supernatant 
concentration was measured by UV-visible spectroscopy at the 
detection wavelength of 291nm. The amount of vitamin B6 adsorbed 
on nanoclay was calculated by the difference between initial and final 
concentration. For adsorption isotherm 5mL of water with different 
concentration of vitamin B6 (0.1,0.3,0.8,1.5,2.5 and 4.5 mg/mL) 
was added to 20mg of nanoclay and mixed for 6 hours (equilibrium 
time). After that the mixture was centrifuged and amount of vitamin 
remained in the solution was measured by UV-visible spectroscopy.

Characterization
Normal XRD analysis in the range of 2θ from 3 to 80 degree for 

determination of impurities in nanoclay samples was done using 
Philips PW1800. Vitamin B6 concentration was measured using 
Unico UV-2100 spectrophotometer and calculated using the standard 
curve.

Results and Discussion
Table 1 shows the amount of NaHMP that is used to prepare 

each type of nanoclay samples. Figure 1 shows the results of XRD 
analysis of nanoclay samples along with raw montmorillonite. 
The results represent that physical purification increased purity of 
montmorillonite. According to the peak of montmorillonite in the 

sample Particle size (µ) Amount of NaHMP used in the preparation (g)

2-Mt < 2.5 -

2-Mt-0.1 < 2.5 0.1

2-Mt-0.5 < 2.5 0.5

2-Mt-1.5 < 2.5 1.5

2-Mt-5 < 2.5 5

Table 1: Synthesis parameters of different nanoclay samples.

Figure 1: XRD patterns of raw montmorillonite and purified and modified 
nanoclay.
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Figure 2: Kinetics of adsorption of vitamin B6 on nanoclay sample, : 2-Mt; 
O: 2-Mt-0.1; : 2-Mt-0.5; : 2-Mt-1.5; and : 2-Mt-5; at pH=3.2 (a1) and pH=6 
(a2).
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range of 7 to 8 degree the peak became broader by increasing the 
concentrations of NaHMP as a dispersant and this can be a reason 
for decreasing particle size of montmorillonite. There are three peaks 
at 9,12 and 17-19 degree that related to muscovite, illite, and gypsum 
respectively. These peaks were removed when NaHMP was used and 
purity of montmorillonite. However, indication of cristobalite and 
calcite can be seen in the XRD patterns of all samples and physical 
purification and modification with NaHMP couldn’t remove this 
impurity completely while quartz was removed.

Figure 2 shows the kinetics of adsorption of vitamin B6 on 
nanoclay at different pH at 25°C when the same amount of adsorbent 
was used. Figure 3a1 represents kinetics at pH=3.2. The amount of 
vitamin B6 adsorbed on nanoclay was 80, 100, 97, 95 and 85mg/g 
for 2-Mt, 2-Mt-0.1, 2-Mt-0.5, 2-Mt-1.5 and 2-Mt-5 respectively. The 
adsorption of vitamin B6 was very rapid for all samples and in the 
first 5 minutes maximum adsorption was occurred and after this time 
the adsorption was stopped. This could be due to high interaction 
forces between nanoclay and vitamin B6. Nanoclay has negative 
surface charge and vitamin B6 would be adsorbed to it through a 
cation exchange mechanism [7,23]. It is important that 2-Mt sample 
adsorbed lowest amount of vitamin B6 than other samples and when 
small amount of dispersant is used for preparation of nanoclay the 
amount of vitamin adsorbed increased. However, by increasing the 
amount of dispersant the amount of vitamin adsorbed decreased as 
well.

As shown in Figure 2a2 the same trend was seen for kinetics of 
adsorption of vitamin B6 onto nanoclay samples at pH of 6 in which 

2-Mt sample had lowest amount of adsorption and using NaHMP 
caused increasing in the adsorption of vitamin B6 onto nanoclay. 
Interestingly when similar initial concentration of vitamin B6 was 
used the maximum adsorption was higher at pH of 6 compare to that 
at pH of 3.2. In fact, the surface charge of nanoclay was more negative 
at higher pH 6 causing higher interaction of protonated vitamin B6.

In order to investigate the formation of adsorbed vitamin B6 onto 
nanoclay surfaces or interlayer spaces two models were fitted to the 
kinetics results: first the pseudo-second-order model and second the 
intraparticle diffusion. The first one is for better understanding of the 
mechanisms of adsorption which yields a rate constant, k, given by 
equation (1) [24-26]:

 (1)

In this equation qt is the amount of vitamin B6 adsorbed at time 
t and qe is the adsorption capacity at equilibrium. This model was 
fitted to kinetic results and shows at figure 3 a1&a2 for pH 3.2 and 
6, respectively. Table 2 summarized calculated parameters of the 
pseudo-second-order. The results displayed a good fit of pseudo-
second-order model for adsorption of vitamin B6 on all types of 
purified nanoclay. The slope of the model is proportional to the 
inverse adsorption capacity at equilibrium. Therefore, the adsorption 
capacity at equilibrium for 2-Mt-0.1is more than 2-Mt and other 
samples (Figure 3 a1&a2) in both pHs as mentioned earlier.

The intraparticle diffusion model that shows the diffusion of 
vitamin B6 into layered structure of the nanoclay is presented by 
equation (2): [25-27]

(2)

xi, is a constant proportional to the mass transfer boundary layer 
thickness around the particle. This model was fitted to the kinetics 
results and is displayed in Figure 4. For two pH of adsorption (pH of 
3.2 Figure 4a1 and pH of 6 Figure 4a2) two linear stages were fitted. 
The first one indicates adsorption of vitamin B6 onto the external 
surface of the nanoclay and the second one shows the diffusion of 
vitamin B6 in between nanoclay layers. In all samples the slope of 
second linear step was null showing no diffusion of vitamin B6 in 
between the nanoclay layers and all of it was adsorbed on external 
surface of nanoclay. The first linear stage for all samples had a high 
rate constant showing high amount of vitamin was adsorbed on the 
external surface of the montmorillonite in the first five minutes. This 
could be the reason of increment of maximum adsorption amount 
of vitamin B6 on nanoclay samples which were prepared using 
dispersant in which the particles are dispersed better providing 
higher external surfaces for vitamin B6 to adsorbed.
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Figure 3: The pseudo-second-order model plots for adsorption of vitamin 6 
on nanoclay sample, : 2-Mt; O: 2-Mt-0.1; : 2-Mt-0.5; : 2-Mt-1.5; and : 
2-Mt-5; at pH=3.2 (a1) and pH=6 (a2).

Adsorbent
pH=3.2 pH=6

qe
(mg g-1)

k
(min g mg-1) R2 qe

(mg g-1)
k

(mg g-1 min0.5) R2

2-Mt 80 0.012 1 109 0.009 1

2-Mt-0.1 100 0.011 1 130 0.008 1

2-Mt-0.5 97 0.011 1 125 0.008 1

2-Mt-1.5 95 0.011 1 119 0.008 1

2-Mt-5 85 0.012 1 109 0.009 1

Table 2: Calculated parameters of the pseudo-second-order for adsorption of 
vitamin B6 onto nanoclay samples.
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Figure 5 a1&a2 shows the Equilibrium adsorption isotherm results 
at pH=3.2 and 6 respectively. In both cases, amount of vitamin B6 
adsorbed was higher for nanoclay samples prepared using dispersant 
compare to nanoclay sample prepared without using dispersant. 
This proves the role of dispersion of nanoclay in improvement of 
adsorption of vitamin B6 which is mainly occurred on the external 
surface of the nanoclay. Interestingly, at pH 6 a huge amount of 
vitamin B6 adsorption amount for sample 2-Mt-0.1 around 450mg/g 
of nanoclay was achieved which makes it a good candidate as 
nanocarriers. In addition, adsorption amount was more at higher pH 
which could be because of more negative surface charge of nanoclay 
at higher pH and increasing interaction between vitamin B6 and 
nanoclay.

Conclusion
Properties of adsorption vitamin B6 onto nanoclay were 

investigated. NaHMP had an important role in dispersing 
nanoparticles of nanoclay as well as on adsorption of vitamin B6. The 
results showed that the adsorption of vitamin B6 was occurred on 
the external surfaces of the nanoclay. Hence, applying a dispersant 
agent for preparation of nanoclay increased the amount of vitamin 
adsorbed. The adsorption vitamin on all montmorillonite samples was 
rapid and after five minutes adsorption reached to maximum state 
and was stopped. In addition, the adsorption mechanism was mainly 
due to an ionic exchange mechanism and consequently increasing the 
pH of adsorption increases the interaction forces between vitamin B6 
and nanoclay. Results of this study provide important information 
about adsorption mechanism of vitamin B6 onto nanoclay which can 
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Figure 4: Intraparticle diffusion model resulting at adsorption of vitamin B6 
onto nanoclay sample, : 2-Mt; O: 2-Mt-0.1; : 2-Mt-0.5; : 2-Mt-1.5; and : 
2-Mt-5; at pH=3.2 (a1) and pH=6 (a2).
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Figure 5: Equilibrium adsorption isotherms of vitamin B6 on nanoclay 
sample, : 2-Mt; O: 2-Mt-0.1; : 2-Mt-0.5; : 2-Mt-1.5; and : 2-Mt-5; at 
pH=3.2 (a1) and pH=6 (a2).

be used for preparation of nanoclay derived nanocarriers.
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