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Abstract. Synthesis of chromium pillared clay and its application for methylene blue adsorption 

has been conducted. Chromium pillared clays were prepared through intercalation of chromium 

polycation in the area between clay silicate layers. Whereas chromium polycation was 

synthesized by hydrolysis of CrCl3.6H2O solution with NaOH. The intercalated clay then dried 

and calcined at 200°C for 4 hours. The resulting chromium pillar clay was characterized by X-

Ray Diffraction (XRD) and Surface Area Analyser (SAA). Furthermore, natural clays and 

chromium pillared clay were used as adsorbents for methylene blue adsorption. Chromium 

pillared clays showed better characteristics than natural clays. Basal spacing increased from 

15.08 Å to 16.28 Å, surface area from 41.636 m2/g to 130.555 m2/g, average pore diameter from 

30.516 Å to 30.590 Å, and pore volume from 0.067 mL/g to 0.128 mL/g. The adsorption results 

displayed that the optimum adsorption conditions occurred at pH 2 and there was no significant 

difference in adsorption ability due to time variation. The optimum efficiency for methylene blue 

adsorption was at a concentration of 180 ppm for natural clay and of 120 ppm for chromium 

pillared clay. 
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1. Introduction 

Organic dyes are a large group of pollutants in wastewater discharged by the textile, paper, plastic, food 

and other industries. In 70,000 tons of production with around 10,000 types of dyes and pigments 

worldwide every year, it is estimated that around 1-15% of the dye is lost as waste during the colouring 

process [1]. Organic dyes, especially cationic dyes are widely used due to their ease of application, 

durability, and not easily wear off, however the adverse effects are also very large. Cationic dyes are 

recognised to be carcinogenic, mutagenic and have high staining effects throughout the ecosystem when 

disposed of as waste into the environment, even in low concentrations [2]. Therefore, reducing the 

concentration of dyes in wastewater before being discharged into the environment becomes a serious 

problem and becomes an important concern hence the development of appropriate treatment processes 

is needed [3]. One of the cationic dyes that has a very wide application that becomes one of the common 

pollutants or elements of waste color is methylene blue. 

Among several chemical and physical methods for waste treatment, the adsorption process is an 

effective and efficient technique for removing dyestuffs in wastewater using various adsorbents such as 

bentonite [4], moroccan clay [1], montmorillonite [5] and others. Similar studies were also developed 

through the modification of clays to improve the adsorption ability of adsorbents, such as plasma-surface 

modification on bentonite clay [6], hydrothermal modification of bentonite [7], pillared clay [8] and 
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others. In recent years, clay has received special attention to continue to be developed as an adsorbent, 

especially the study of interactions between dyestuffs and clay [8]. 

Clay is an attractive material to be used as an adsorbent due to its abundance, low price, high 

absorption ability, wide surface area, and ion exchange capability. Moreover, clay is a good adsorbent 

since it contains active sites on its surface, which are Bronsted and Lewis acid sites and ion exchange 

sites [9, 10]. The character of the adsorbent surface is important for adsorption, because the adsorption 

process is about specific interactions between the target molecules and the surface of the adsorbent. 

Increasing the character of the adsorbent surface through thermal or chemical modification is expected 

to improve the adsorption ability of the adsorbent [6]. One modification of clay that can be done is by 

pillarisation[11-13]. Pillarisation was carried out to improve thermal stability, specific surface area, 

basal spacing, porosity, and acidity of clay surfaces [14, 15]. 

The pillared clay is synthesized by adding metal-hydroxy polycation into the clay layer. Furthermore, 

with calcination it will change the polycation into a rigid metal oxide cluster thus inhibiting damage to 

the interphase space [16]. The application of pillared clay for environmental pollution control, especially 

for removal of dyes from water media received little attention [8]. Chromium pillared clay has been 

widely synthesized but with the use of cause as a catalyst [17-19] and metal adsorbent [20], so that 

chromium pillared clay for methylene adsorption applications can be interesting to study. The chromium 

pillared clay can increase the character of clay surfaces such as surface area and pore structure [15, 17, 

21, 22], hence it is hoped that chromium pillared clay provides better adsorption ability for dye 

adsorption. 

2. Methodology 

Natural clays are washed and cleaned of gravel, roots, and other impurities. It is dried using an oven at 

100°C, then crushed and sieved with a 170 mesh sieve. Then, 100 g of clay dissolved in 1000 mL of 

distilled water, stirred with a magnetic stirrer for 24 hours at room temperature. Meanwhile, the pillaring 

solution was prepared by dissolving 66.7 grams of CrCl3.6H2O in 500 mL of distilled water. Previously 

20 grams of NaOH were dissolved in 500 mL of distilled water. Then, NaOH solution was added to the 

solution of chromium dropwise while stirring until homogeneous, then left to stand at a temperature of 

90°C for 24 hours. 

The pillar solution was then added to the clay suspension dropwise while stirring with a magnetic 

stirrer until it was homogeneous and stirred at room temperature for 36 hours. Then, the suspension of 

clay was washed until it was obtained free of Cl- ion by testing it with AgNO3 solution until no white 

precipitate was formed. The intercalated clay was then dried, crushed and sieved with a 170 mesh sieve, 

then calcined at 200°C for 4 hours at a heating rate of 2°C/minute. 

The characterization was carried out to determine the characteristics of the natural clay surface and 

chromium pillared clay. X-Ray Diffraction was used to determine the peak shift of basal spacing (d001). 

Whereas, surface Area Analyser was used to determine the character of pore structures such as surface 

area, pore diameter and pore volume. 

The adsorption test was carried out in a methylene blue solution, where 0.2 g of the adsorbent (natural 

clay and chromium pillared clay) were put in 100 mL of 30 ppm methylene blue solution with a contact 

time of 30 minutes. Methylene blue solution varied in pH of 2, 5, 7, 10 and 12. The conditions before 

and after adsorption were analysed using a UV-VIS spectrophotometer. Variations in contact time were 

also carried out at 5, 10, 30, 60, 120 minutes and variations in the concentration of methylene blue 

solution at 60, 90, 120, 150, 180 ppm. 

3. Results and Discussion 

3.1. XRD analysis 

The diffractogram pattern of natural clay and chromium pillared clay is shown in Fig. 1. Fig. 1 shows 

that natural clay has a reflection peak d001 at 2θ = 5.86° with a basal spacing of 15.08 Å. According to 

Tan and Goenadi [23], natural clay species of montmorillonite minerals have basal spacing between 
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12Å - 15Å hence it can be assumed that this natural clay contains montmorillonite minerals. Whereas 

Fig. 1 also shows that the chromium pillared clay has a reflection peak d001 at 2θ around 5.42° with a 

basal spacing of around 16.289 Å. Shifting the reflection peak d001 towards a smaller 2θ angle indicates 

an increase in basal spacing and the effectiveness of metal intercalation for clays [17]. This implies that 

the chromium pillar can maintain the basal spacing of the clay even though the clay is heated to 200°C. 

 

Figure 1. Diffractogram (a) natural clay pattern and (b) Cr pillared clay 

Fig. 2 shows the diffraction pattern for natural chromium clay in the region of 2θ= 3°-72°. The 

appearance of peaks which are the peak patterns of chromium oxide indicate that Cr2O3 has been formed. 

The strong intensity of the Cr2O3 peak also implies that some of the Cr3+ ions inserted during the 

intercalation process are outside the clay interlayers. This is in line with Ding et al. [21] which described 

that the Cr2O3 mineral may form outside the clay interlayer. The same was reported by Mata et al. [17]. 

Sharp peaks and heights at 2theta = 28 ° are peaks of quartz which are still present in natural clays 

 

Figure 2. The diffractogram pattern of Cr pillar clay in the range 2θ = 3°-72° 
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The drastic decrease in intensity in the diffractogram pattern of chromium pillar clay, according to 

Mata et al. [17] showed a decrease in the crystallinity of the pillared clay structure. Clay mineral is a 

micro-crystalline that has a neat structure. However, in conditions of excess water, the clay structure 

will turn random due to the nature of the plastic and the possibility of swelling on the clay. Making clay 

suspension at the initial stage before the pillarisation process allowed the polycation of chromium to 

enter the random clay structure during the pillarisation process. So that when dried, the structure of the 

resulting chromium pillar clay becomes more amorphous. According to Roulia [15], several factors 

might influence the decrease in the crystallinity of the pillar clay structure including the influence of 

solvent molecules which cause irregular buildup of clay particles as described by Misaelides et al. [24]. 

The heterogeneity of the clay layer due to the presence of balancing elements and the non-uniformity of 

the polycation of chromium in the synthesis process of pillar agents may also influence the ion exchange 

process during the intercalation process. Uneven distribution of polycation results in the formation of 

incomplete pillar phases during calcination, and the possibility of polycation is absorbed on the surface 

so that it covers the pore. 

3.2. Surface characteristics of adsorbents 

N2 adsorption-desorption isotherms for natural clay and chromium pillared clay are shown in Fig. 3. The 

isotherm pattern was identified as Type IV [25] with H3 type loop hysteresis [26] according to the 

IUPAC classification. Type IV shows that the material has mesopore character and the H3 type loop 

hysteresis shows the characteristics of a layered material with gaps like pores formed by a plate-like 

layer with a space between plate arrays [27, 28]. The adsorption capacity of natural clay is much smaller 

than that of chromium pillared clay which is indicated by pore volume and small surface area, such as 

the data presented in Table 1. This indicates that the pillarisation process increases the pore character of 

the clay. This is very useful because the expected adsorbent is a material that has a high pore volume 

and surface area. This also implies that the Cr3+ ion can maintain the area between the clay layers to 

remain supported so as to produce a wider gallery. 

 

Figure 3. N2 adsorption-desorption isotherm natural clay and Cr pillared clay 

Fig. 4 shows that the distribution of natural clay pores is not uniform. For the pore size of 30-54 Å, 

the porous volume is quite high but continues to decrease from the volume of 4.17 x 10-4 to 1.47 x 10-4 

mL/g. At a pore size of 58 Å there is a slight increase in pore volume to 1.69 x 10-4 mL/g. In chromium 

pillared clays, the pore distribution is also uneven but there are changes where small pores increase in 



13th Joint Conference on Chemistry (13th JCC)

IOP Conf. Series: Materials Science and Engineering 509 (2019) 012003

IOP Publishing

doi:10.1088/1757-899X/509/1/012003

5

volume and are much higher than natural clays. These results indicate that pillarisation produces many 

small pores. This is easy to understand because the existence of the pillars produces barriers in the clay 

gallery, so that the barriers form new pores in the gallery. This pore distribution curve also shows that 

uniform pore formation cannot be produced. This indicates that the Cr2O3 pillar is not well distributed. 

Indeed, making a uniform pore from natural clay theoretically is not easy 

 

Figure 4. Pore distribution of (a) natural clay and (b) chromium pillared clay 

Table 1. Surface area, pore diameter and pore volume of natural clay and 

chromium pillared clay 

Type of adsorbent Surface area Pore diameter Pore Volume 

Natural clay 41.626 m2/g 30.516 Å 0.067 mL/g 

Chromium pillared clay 130.555 m2/g 30.590 Å 0.128 mL/g 

The synthesized pillar chromium clay is mesopore material, although several similar studies have 

been carried out that have different results. Ding et al. [21] reported that the synthesized pillared 

chromium clay had a surface area of 109 m2/g, a pore volume of 0.12 mL/g and an average pore size of 

48.4 Å. Kar and Mishra [22] reported that the chromium pillared clay produced a larger surface 

character, namely surface area and pore volume of 272 m2/g and 0.22 mL/g. This difference in results 

is easily understood because the character of pillared clay is strongly influenced by the type of clay 

origin, the size of the polycation of chromium produced, which is strongly influenced by the conditions 

of the synthesis of pillar agents and the pillarisation process itself [15, 17, 21, 22]. Even so, the results 

of surface character analysis showed that the presence of Cr2O3 minerals still had an effect on the 

pillared pillar synthesized in the form of increasing surface area, average pore diameter and pore volume. 

3.3. Methylene Blue Adsorption 

Adsorption is described as a condition of a series of complex formation reactions between fluid 

molecules and functional groups of surface adsorbents. This surface functional group is an active site 

that will interact directly with the adsorbate in the adsorption process. This active site depends on the 

structure and chemical composition of the surface. These active sites include hydroxyl and silanol 

groups [29].. Surface area, pore distribution and pore volume are part of the active surface physical site 

which also plays an important role in the adsorption process [6]. The clay pillarisation process will 
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improve the character of existing active sites. The structure of methylene blue shows that the active site 

that might play a role in the adsorption process is the lone pair of N atoms. The adsorption mechanism 

is a complicated process and depends on several interactions. Several models of dye adsorption 

mechanisms on adsorbents have been proposed by several researchers, including the diffusion of 

adsorbates into the pore structure of the adsorbent and adsorption on the surface area [8], electrostatic 

interactions [30], hydrogen bonds [31], ion exchange [32] and others. 

3.3.1. Variation in pH. pH is an important factor that influences the adsorption process, because pH can 

affect the surface load of the adsorbent, the degree of ionization of the adsorbate functional group, and 

the adsorption mechanism at the same time. Variations in pH were carried out to determine the optimum 

pH conditions for methylene blue adsorption. Fig. 5. shows that the methylene blue adsorption by natural 

clay and pillared clay has a similar pattern in which the amount of methylene blue adsorbed continues 

to decrease with increasing pH. But starting from pH = 10, adsorption increases again. Methylene blue 

adsorbed on natural clay decreased from 99.979% to 90.889% and adsorbed methylene blue in pillar 

chromium clay decreased from 99.958% to 95.38%. These results indicate that the chromium pillared 

clay has a higher adsorption ability than natural clay. The results of this adsorption are in line with the 

results of morphological characterization which shows that the chromium pillared clay has a higher pore 

volume and surface area than natural clay. 

 

Figure 5. Effect of pH on methylene blue adsorption 

The content and surface structure of pillared clay may be more stable under acidic and basic 

conditions so that the ability of adsorption is better, whereas in natural clays it may be affected by acidic 

and alkaline conditions. Methylene blue is positively charged in acidic conditions resulting in 

electrostatic interactions with negatively charged adsorbents. Whereas in alkaline conditions, methylene 

blue is negatively charged so that rejecting occurs which causes a decrease in adsorption ability [33]. A 

small increase that occurs under pH 12 may be due to other interactions that also influence the increase 

in adsorption. 

3.3.2. Variation in contact time. Fig. 6 shows that the ability of methylene blue adsorption by natural 

clay and chromium pillared clay to variation in contact time has similar results in which methylene blue 

adsorbed is stable at 97% - 98% for both adsorbents. This means that the two adsorbents have the same 

speed of absorbing methylene blue when the operating conditions are the same. In addition, the 

adsorption process may be said to have been completed in the initial minutes of contact between the 

absorbent and the methylene blue solution because additional time does not increase the amount of 

methylene blue adsorbed. The number of active sites on the empty adsorbent makes the adsorption 
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process occur quickly at the beginning which then becomes constant as the number of active sites 

decreases [30]. 

 

Figure 6. Effect of time on methylene blue adsorption  

3.3.3. Variation of concentration. Fig. 7 shows the efficiency of adsorption of methylene blue for natural 

clay and chromium pillared clay. The increase in the percentage of methylene blue adsorption with an 

increase in the concentration of methylene blue is possible because at low concentrations the adsorption 

capacity of the adsorbent is not maximal. This can be understood as the entropy balance between the 

attraction of the adsorbent to the methylene blue and methylene blue molecules which want to be in the 

bulk phase, so that at higher concentrations the adsorption will be greater. But when the adsorption 

capacity has reached its maximum point, the addition of concentration does not increase the amount of 

methylene blue adsorbed. The optimum adsorption efficiency of natural clay occurs at a concentration 

of 180 ppm, while the clay pillar is chromium at a concentration of 120 ppm. 

What is interesting is that the amount of methylene blue absorbed in natural clay is higher than that 

of chromium pillared clay at high methylene blue concentrations. This implies that the absorption 

capacity of natural clay is greater than that of chromium pillared clay. This is understandable because 

natural clay still has a rigid gallery, which can expand when infiltrated by blue methylene molecules. 

On the other hand, in chromium pillared clays, although it has a higher pore volume, but because the 

pillars inside produce stiff pores, the clay gallery cannot increase or expand. This is a logical reason why 

the pillared clay has a lower percentage of methylene blue uptake at high concentrations of methylene 

blue 
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Figure 7. Effect of concentration on methylene blue adsorption 

According to Attia et al. [34], the kinetic diameter of the methylene blue molecule is 13-15 Å, the 

average pore diameter of natural clay and chromium pillared clay in this study is 30.52 Å and 30.59 Å. 

According to  Li et al. [35] adsorption of solute molecules can take place in pores with a diameter of 

1.3-1.8 times the diameter of the solute so that the solute diffuses into the adsorbent's pore structure. 

This also makes accessibility of methylene blue easier to enter the adsorbent pores [32]. It is 

hypothesized that the mechanism of methylene blue adsorption is through diffusion of methylene blue 

into the pore structure. Because natural clay has a gallery that can expand, the opportunity for methylene 

blue molecules to enter into natural clay galleries is greater than that of pillared clay, which further 

implies that adsorption in natural clay is greater 

4. Conclusion 

Chromium pillar clay has been obtained with a better surface character than natural clay. An increase in 

basal spacing from 15.08 Å to 16.28 Å, surface area from 41.63 m2/g to 130.56 m2/g, pore diameter 

from 30.516 Å to 30.59 Å, and pore volume of 0.067 mL/g to be 0.128 mL/g. Methylene blue adsorption 

by both adsorbents tends to decrease with increasing pH. The maximum adsorption for methylene blue 

in natural clay is at a concentration of 180 ppm and in chromium pillared clay at 120 ppm. 
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