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 The novel composite nanomaterials were synthesized via a simple method 

from two natural clay mineral sources, graphite and halloysite. The materials 

were characterized by X-ray diffraction (XRD), scanning electron microscopy 

(SEM), transmission electron microscopy (TEM), Fourier transform infrared 

(FTIR), Brunauer-Emmet-Teller (BET) methods. The results showed that 

halloysite nanotubes are successfully intercalated between the graphene oxide 

layers. The adsorption capacity of the material with RY-145, a typical dye in 

textile wastewater, was evaluated. Also, the effects of adsorption time, initial 

concentration of pollutant, adsorbent dosage, speed of agitation and 

temperature were investigated. The adsorption efficiency of the material for 

RY-145 dye is about 99% after 4 hours with the high initial concentration of 

pollutant of 50ppm. Adsorption kinetics of the material for RY-145 match the 

pseudo-second order kinetic of Langmuir adsorption model. The outstanding 

performance of the nanocomposite as an adsorbent highlight the promising 

applications of the novel material in was water treatment processes. 
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I ntroduction 

 

Dyes are chemical compounds that bind to the surface 

of a fabric to create colour. Most dyes are complex 

organic molecules that resisting to detergents. 

Synthetic dyes are widely used in many industrial fields, 

for example, in the textile industry [1], the paper 

industry [2] or tanning processes [3], food processing, 

plastics, cosmetics, rubber, printing and dye 

manufacturing [4], [5], [6]. Their release into the 

hydrosphere generates a significant source of pollution 

because of the persistent property of these organic 

compounds. This will produce undesirable colours in 

the water, reduce sunlight penetration and prevent 

photochemical and biological processes that are 

important to aquatic organisms [7]. According to 

updated data, there are over 10,000 known commercia l  

dye types with an annual production of over 7 × 105 

tons/year [8]. The total consumption of dyes in the 

textile and apparel industry worldwide is over 10,000 

tons/year and about 100 tons/year of dye was 

discharged into water flows consequently [9]. Various 

methods such as adsorption, coagulation, advanced 

oxidation, and membrane separation are used to 

remove dyes from wastewater [10]. Adsorption is one 

of the most efficient processes that industries used to 

reduce harmful inorganic/organic pollutants present in 

wastewater [11]. Generally, textile industries use high–

cost commercial activated carbon to treat dyeing 

wastes. Current research is focusing on materials to 
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effectively replace commercial activated carbon. 

Several scientists have reported the feasibility of using 

a variety of low-cost adsorbents derived from natural 

materials, industrial waste, agricultural by-products, 

and biological adsorbents as pre-eminent substance 

[12]. Apart from that, researchers have also reported 

different physical or chemical treatment methods 

which have been applied to raw biomass adsorbents to 

improve their adsorption capacity [12].  

Graphene, a monolayer of sp2 hybrid carbon atoms 

arranged in hexagonal rings, has attracted huge 

interest by its unique features during the past decade 

[13], [14], [15], [16]. Graphene oxide (GO) is acquired 

through oxidation and reduced graphene oxide (rGO)  

is the main product of  reduction process of GOare. 

Both of which possess carboxylic acid, phenol hydroxyl 

and epoxide groups but differ in quantity [17], [18], [19]. 

They are two of the materials capable of eliminating 

contaminants from waste water [20], [21], [22]. 

However, the very good dispersion of GO in solvents 

makes it difficult to separate, while rGO is rarely used 

as an adsorbent due to its poor dispersion in water. In 

addition, as an adsorbent, the adhesion of rGO sheets 

make it have less available room for adsoprtion and 

consequently decrease its activity. Therefore, many 

inorganic nanoparticles (NPs) including clay particles 

were anchored to the graphene-based plane to modify 

the surface properties [23], [24], [25], [26], [27], [28]. In 

such nanocomposites, their high surface area and pore 

volume make them be favourable for removal of 

contaminants [29], [30], [31]. According to this idea, the 

intecalation of stable structure between rGO sheets to 

improve its adsorption capacity is one of the novel and  

potential solution. 

Halloysite nanotube (HNT) is a component of kaolin 

mineral. Its chemical formula is Al2Si2O5(OH)4. nH2O 

with the outer diameter is about 40-60 nm, the inner 

diameter is 10-15 nm, and the length of the tubes is 

about 500-1500 nm. Structurally, unlike kaolinite, the 

halloysite has a layer of water atoms present among 

layers of aluminium and silica structure. Basically, 

halloysite has been used to manufacture high-quality 

ceramics, crucibles, etc. However, recently, due to its 

superior properties such as catalytic ability thanks to its 

composition of aluminium and silica, with a large 

specific surface area, porous structure, non-toxic, 

mechanical stability, resistance to organic solvents, 

capability of structure and surface modification, low 

cost, this material has been applied in many 

technological processes [32] [33] [34]. One of which is 

the fabrication of adsorbents for environmental 

treatment by synthesizing HNTs combined with 

graphene [35], [36]. HNTs intercalating between 

graphene sheets can efficiently enhance specific 

surface area and pore volume. These structural 

characteristics make the composite ideal for eliminating 

dyes from aqueous environments. To the best of our 

knowledge, there is lack of research on kinetic of dye 

adsorption on such material.  

In this paper, the purification process of halloysite fro m 

raw halloysite mineral is presented. The nanoscale 

halloysite tube is then intercalated into the reduced 

graphene to form a composite material. Adsorption 

capacity, adsorption kinetics and the influence of the 

conditions of the adsorption process are also 

investigated and analysed.  

 

Experimental 

 

Chemicals 

 

Raw graphite was obtained from Lao Cai, Vietnam 

while and raw halloysite was provided directly from 

mines in Phu Tho, Vietnam. These raw materials were 

dried to remove free adsorbed water, then was 

grinded and purified. Crystalline KMnO4 98%, H2O2 

30%, hydrochloric acid, sulfuric acid 98%, Na2NO3, 

hydrazine and RY-145 dye are all purchased from 

China. The chemicals were used directly without any 

further purification and treatment.  

 

Sy nthesis of graphene oxide 

 

Graphene oxide was synthesized from graphite by 

Hummers method [37]. In a typical experiment, 5 g of 

graphite powder was added to 42 ml of H2SO4 98% at  

the temperatures below 5°C. The solution was 

continuously stirred  with the speed of 400 rpm  for 30 

minutes until the solution turned into black. Then, 15 g 

of KMnO4 was added and the temperature was 

maintained lower than 20ºC for 4 hours.  Next, 140 ml 

H2O was slowly inserted, and the temperature was kept  

below 50°C for 3 hours. In the following step, 50 ml of 

H2O2 30% was gradually poured into the solution 

under stirring for 20 minutes until it turned into light 

brown colour. After that, 300 ml of HCl 0.1M  solution 

was added. The bottom residue was separated, filtered, 

and washed until pH = 7 was reached. The sample 

underwent ultrasonic vibration for 30 minutes, then 

was dried at 70°C to finally achieve graphene oxide. 

 

Halloysite purification 
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Halloysite minerals derived from Vietnamese kaolin 

sources were grinded and sieved to remove impurities . 

Firstly, 20 g of raw halloysite was taken and dried at 

100ºC for 3 hours, then was dispersed in 27.5 ml of 

distilled water. Then, 1 ml of 98% H2SO4 solution was 

slowly added under stirring at 90°C within 2 hours. The 

resulting solution was filtered and rinsed several times 

with distilled water to remove excess H2SO4 and was 

then dried. After that, 750 ml of distilled water was 

added to the dried sample and the mixture was stirred 

for 24 hours. The obtained solution was settled for 96 

hours, then was filtered and decanted to remove the 

upper part. The obtained solid was washed with 

distilled water several times, centrifuged and dried to 

acquire purified halloysite. 

 

Preparation of HNT/rGOcomposite 

 

HNT/rGO nanomaterials was synthesized in 

accordance with the following procedure: 100 mg of 

HNT was dispersed in 50 ml of distilled water with 

ultrasonic vibration for 10 minutes (solution 1). At the 

same time, 200 mg of GO was dispersed in 200 ml of 

distilled water under ultrasonic vibration for 10 minutes 

(solution 2). Later, solution 1 was combined with 

solution 2 and the mixture was stirred at 90°C for 10 

minutes and underwent ultrasonic vibration for 30 

minutes. Then, 2 ml of hydrazine 80% was slowly 

added and stirring conditions was retained for 2 hours 

further. The residue was then filtered and dried to 

obtain HNT/rGOmaterial. 

 

Material characterizations 

 

Scanning electron microscopy (SEM) and transmission 

electron microscopy (TEM) images were taken to 

determine the structure on the surface of the material. 

SEM images of prepared materials were obtained o n a 

JSM-6701F (Jeol). The SEM sample was made by 

distributing a small amount of suspension on a piece of 

silicon wafer. TEM images were investigated by TEM-

JEOL-2010 200kV apparatus.  

X-ray diffraction (XRD) using Cu Kα radiation, λ = 

1,5403 with scanning range 2λ = 5-80ºC was recorded 

by D8-Bruker. The FTIR spectroscopic was carried out 

to investigate the binding characteristics of the material  

on the Jasco FT/IR-4600 device.  

The UV-VIS spectra with the wavelength range of 200 

to 800 nm were recorded on the apparatus Jasco V-

750 to identify bandgap energy of materials and 

quantify the removal of pollutant after the adsorption 

process.  

N2 adsorption-desorption isotherm method (BET) was 

performed by Chem BET - 3030 at a temperature of 

77.34ºC to determines the specific surface area as well 

as the pore size distribution of the material. The point 

of zero charge of the nanocomposite was determined 

using drift method [38]. 

 

Ev aluation of the adsorption capacity  

 

To evaluate the adsorption capability of the 

synthesized HNT/rGO composite, experiments were 

carried out with the following conditions: the initial 

concentration of RY-145 in the solution is 50 ppm and 

material weight is 0.21 g. 

The adsorption efficiency is calculated by the formula: 

                        H (%)=(Co - C)/Co  × 100                   (1)                    

In which: Co and C are the concentrations of 

contaminant at the beginning and after the experiment 

(mg/L). The concentrations of pollutant in the solution 

were calculated based on the optical absorbance 

capacity at the wavelength of 541nm and the 

calibration curve of already known concentrations that 

was built previously. 

 

R eusability of the material as adsorbent 

 

The dyeloaded on HNT/rGO were regenerated by  

desorption reagent which is HCl 0.1M. In a typical 

treament, 0.21 g of RY 145-loaded material were 

dispersed in 50 mL HCl 0.1M, and shaken vigorously for 

24 h at 293 K. After that, the solid phase was obtained 

by centrifugation (6000 rpm, 20 mins). Then, the 

collected material was rinsed with distilled water, 

dehydrated in an oven at 60ºC for 8 h. The final solid 

would be used for the next adsorption experiments. 

 

Results and discussion  

 

Material characterization 

 

Figures 1 A, B, C and D illustrates the SEM and TEM 

results of the composite. The images suggest that 

halloysite nanotubes were uniformly distributed 

between the GO layers and tightly attached to those 

layers. The presence of HNT established rooms 

between rGO sheets that might increase the isolation 

of GO layers to form 3D-shaped composite. 
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Figure 1: SEM image (a), (b) and TEM (c), (d) image of 

HNT/rGO material 

X-Ray results were recorded in the range of 2θ from 5 

to 80º. Findings indicate that the typical peaks of the 

purified halloysite material appeared at 2θ = 12.20; 

19.90; 24.84; 35.02; 37.98; 54,34; 62.5º (Figure 2B) are 

consistent with the standard halloysite X-ray 

diffractions obtained in other publications [39] [40] . X -

ray results of GO (Figure 2A) do not show any 

diffraction peak of graphite at 2θ = 26.5º but a peak at  

2θ = 11.12º emerged. This means that groups 

containing oxygen such as hydroxyl (-OH), epoxy (-O-), 

carbonyl (-C = O), carboxylic (-COOH), etc., were 

formed and inserted into the space between layers of 

graphite resulted in the upsurge of the space between 

layers. indicates The only one strong peak at 2θ = 

11.12º of GO representing for high purity level. The 

distinctive reflection peaks of halloysite appear in all X -

ray spectra of HNT/rGO material samples (Figure 2c) 

but the typical peak of GO was not clearly visible. This 

could be explained by the coverage of HNT over the 

typical peak of GO peak at the same reflection angle.   

 

Figure 2A: XRD spectrum of GO and graphite 

 

Figure 2B: XRD spectrum of HNT 

 

Figure 2C: XRD spetrum of HNT/rGO 

To clarify the structural features of the material, the 

results of the FTIR infrared spectroscopy of the material  

were shown in Figure 3. 

 

Figure 3: FTIR spectrum of GO, HNT and HNT/rGO 

material 

For GO sample, the wavelengths at 3426 cm-1 signify 

for OH group. Besides, the main functional groups 

containing oxygen (C - O and C = O) are found at the 

oscillations of 1100 cm-1 and 1730 cm-1 while other 

functional groups such as C = O and C = C could be 

assigned to the peak at 1225 cm-1 at 1617 cm-1, 
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respectively. The peaks recorded with purified HNT 

material sample at 3622 cm-1 and 3693 cm-1 

characterized for O-H bond of Si-OH silanol group 

and OH group of the water molecule on the material 

surface. The peak at wavelength of 1641 cm-1 

corresponds to the H-OH bond of water in halloysite 

molecule. In addition, the peak at 1115 cm-1 indicates 

the existence of the Si-O-Si group in the center of the 

tetrahedron and the peak at 1109 cm-1 stands for the 

link of Si-O group. The O-H group of the internal Al-

OH is characterized by a peak of 906 cm-1 while the 

peak at wavelength of 533 cm-1 is attributed to the Si-

O bond. HNT/rGO composites have all the above 

typical peaks. Specifically, the peak at 3412 cm-1 is a 

prolonged oscillation in the hydroxyl group of GO and  

HNT. The oscillations at 1029 cm-1 are ascribed to the 

tetrahedral Si-O-Si group. The characteristic oscillation 

at a wavelength of 911 cm-1 signifies the O-H bond of 

the Al-OH group inside the material. The 1370 cm-1 

peak corresponds to the C-O bond of GO whereas the 

peak at 1623 and 1222 cm-1 corresponds to the C = C 

and C-O bond of the aromatic ring. 

The specific surface area of the material is determined 

by Nitrogen adsorption - desorption at 77.3K isotherm 

(Figure 4). The results revealed that the N2 adsorption 

isotherm of TiO2-HNT/GO at 77.3K has the hysteresis 

of IV type which is in compliance to the IUPAC 

classification of mesoporous material. 

 

Figure 4: N2 adsorption-desorption isothermal curve 

and pore size distribution of HNT/rGO 

The specific surface area of the material was assessed 

to be 51.4 m2/g, which is attributed to be the surface 

area of the halloysite since rGO is difficult to measure 

surface area using the conventional BET method when 

they are linked with halloysite. However, this measured 

area was higher than that of a single halloysite 

nanotube (approximately 40 m2/g). Besides, the 

average pore diameter of the obtained composites is 

about 8.4 nm. Such mesopore size is well-suited for 

adsorption and catalysis applications. 

With a relatively large surface area and suitable pore 

size, it facilitates the adsorption of pollutants onto the 

porous system, contributing to enhance the adsorption 

efficiency of the material. 

 

Ev aluation of adsorption capacity 

 

Experiments were carried out to evaluate the 

adsorption capacity of RY-145 dyes at room 

temperature, with an initial concentration of RY-145 of 

50 ppm. Three samples were used in the process for 

comparison: rGO, HNT, HNT/rGOand the achieved 

results are given in figure 5. 

 

Figure 5: Adsorption efficiency of GO, HNT, HNT/rGO 

Figure 5 points out that the adsorption efficiency after 

240 mins of HNT/rGO is 98%, that of HNT is 45% and 

that of rGO is 93%. This is a proof that HNT/rGO has 

better adsorption capacity than pure rGO and pure 

HNT because anchoring HNT into GO expands the 

space between the GO layers, thereby generating 

more adsorption space and boosting adsorption 

efficiency accordingly. Also, it can be concluded that 

the adsorption performance of the nanocomposite 

might arise from the physical adsorption on the surface 

of rGO. The strong hydrophobic interactions (π–π 

stacking) could be formed between the hydrophobic 

basic surface of the rGO nanosheets and the aromatic 

rings in RY-145 structure. This phenomenon is primarily 

responsible for the outstanding adsorption of 

composite and rGO. Considering the role of HNT, 

although the gibbsite octahedral sheet (Al-OH) group s  

on the internal surface and siloxane groups (Si-O-Si) 

could help HNTs absorb some reactive dyes by the 
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hydrogen bonding but it is hard to reach high 

efficiency.  Comparable result was obtained by Liu et 

al. [41]  in the process of RhB treatment.  

Also,  the pHpzc (point of zero charge) value of the 

HNT/rGO was also measured using the drift method 

mentioned above. The pHpzc value for HNT/rGO of 

about 8.0 was recorded. Theoretically, at pH < pHpzc, 

the surface of the adsorbent will be in positive charge 

state while the converse result happens at pH > pHpzc. 

In our experiment, the pH of the solution was 6.5 and 

such value created the positive charge for adsorbent 

surface. Accordingly, this condition favors the 

adsorption of anionic compound on HNT/rGO surface. 

RY – 145 is a typical anionic dye and therefore easily 

adsorbed by HNT/rGO in this case. This explains the 

excellent efficiency of dye removal at neutral pH of as-

prepared HNT/rGO composite. Such conditions would 

also be more eco-friendly for the dye adsorption 

processes. 

From those, it can be considered that the synthesized 

nanocomposite could be very effective for anionic dye 

treatment in aqueous phase. 

 

E f fect of adsorbent dosage 

 

The experiments studying the effects of HNT/rGO 

dosage were conducted with three quantities of 0.15, 

0.18, and 0.21 g of rGO/HNT. The ambient temperature 

was appplied with the contaminant concentration of 50 

ppm throughout the period of 240 minutes. Results are 

shown in the Figure 6. 

 

Figure 6: Effect of HNT/rGO dosage on the efficiency 

of the adsorption process 

As illustrated in Figure 6, the material weight has a 

direct impact on the adsorption capacity . At the 

loading of 0.15 g, the efficiency attained 84%, when the 

weight increased to 0.18 and 0.21 g, the adsorption 

efficiency reached 90% and 98%. Theoretically, the 

specific surface area, and the number of adsorption 

centers of the material does not change with a certain 

material dosage. Therefore, when the loading of 

adsorbent is small, the adsorption centers will be 

seized rapidly by the pollutant reducing the free 

adsorption center at the surface of the material. On the 

other hand, when the adsorbent used was higher, 

there are more room for contaminant adsorbed. As a 

result, the higher loading of adsorbent will increase the 

adsorption efficiency. The findings are in accordance 

with published researches [42], [43], [44]. 

The results also revealed that dye could be completely 

removed by applying a small amount of material. This 

prove the potential of prepared composite in waste 

water treatment applications. 

 

E f fects of stirring speed 

 

The effect of stirring speed from 60 to 600 rpm was 

also investigated, and the obtained results are outlined  

in the Figure 7. 

 

Figure 7: Effect of stirring speed on the adsorption 

capacity of the material 

The stirring speed has a significant impact on the 

adsorption capacity of the material. When the stirring 

speed rises, the adsorption efficiency also increases. 

Specifically, after 90 minutes with a stirring speed of 60 

rpm, the adsorption efficiency is only 70%, while with 

the speed of 400, 600 rpm, the efficiency increases to 

87% and 92% respectively. This shows that when 

increasing the stirring speed, the diffusion ability of the 

material increases leads to the rise of the contact ability 

of the material with organic molecules, thereby 

enhancing the adsorption efficiency of the material. 

Nevertheless, the utilization of stirring to improve the 

efficiency of heat transfer and mass transfer in 

adsorption process of dye but it will consume 

considerable energy. This conventional results could be 
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seen in previous publications [45], [46]. However, the 

mixing efficiency is highly dependent on the viscosity of 

response system. Therefore, at laboratory scale, stirring  

speed between 400 rpm and 600 rpm can be chosen 

to accomplish the maximum adsorption efficiency. 

 

E f fect of temperature 

 

Temperature is one of the most crucial factors that has 

a substantial impact on the adsorption process. To 

investigate the effect of temperature, the adsorption 

experiment was performed at three different 

temperatures: 10ºC, 30ºC and 60ºC with the initial 

concentration of pollutant is 50 ppm. The results are 

presented in figure 8.  

 

Figure 8: Effect of temperature on the adsorption 

capacity of the material. 

The results demonstrated that if the temperature varies 

in the range of 10 to 30ºC, there is no effect on the 

adsorption capacity. as it all reaches saturated 

adsorption of more than 90% after about 120 minutes. 

However, when the temperature rises to 60ºC, the 

adsorption capacity of the material declines to 80%. 

This can be explained because when the temperature 

is high, the interaction between molecules of organic 

compounds and materials decreases that facilitates the 

desorption trend, so the adsorption efficiency is lower 

under the same inquiry conditions. Results of the 

temperature effect on the material's adsorption 

capacity also show that the material has high 

adsorption capacity at ambient temperature. This result  

was also recorded in the past work [47] [48] and is in 

line with the theory of the general adsorption process. 

Interestingly, the obtained results are different from 

results of Çiçek [43] and Ahmad [42] who saw that the 

adsoprtion capacity increase with temperature. In our 

case, the ability to efficiently work at ambient 

temperature could be the important advantage of 

rGO/HNT 

 

Adsorption kinetics of the material 

 

The adsorption capacity of the material is calculated as 

follows: 

𝑞 =  
(𝑐𝑜−𝑐)𝑉

𝑚
                                  (2) 

Co and C are the initial concentration and 

concentration at time t of the adsorbent (mg/l). 

V is the volume of solution (l). 

M is the mass of the adsorbent (g) 

Apparent kinetic equation of first-order model: 

     
𝑑𝑞𝑡

𝑑𝑡
= 𝑘1(𝑞𝑒 − 𝑞𝑡)                       (3) 

Apparent kinetic equation of second-order model: 

𝑑𝑞𝑡

𝑑𝑡
= 𝑘2(𝑞𝑒 − 𝑞𝑡)2

                    (4) 

In which: k1, k2 are reaction rate constants according to 

kinetic models of first and second-order reactions. qe, 

qt is the adsorption capacity at equilibrium period and 

time t (mg/g) 

The adsorption of the material at different adsorbate 

concentrations (25, 50, 75 ppm) with an adsorbent 

weight of 210 mg in 240 minutes was investigated and 

results are exhibited in Figure 9.  

 

Figure 9: Adsorption kinetics of (A) 1st order; (B) 2nd 

order model 

The chart in Figure 9 is formed based on the 

relationship between the adsorption time and the 
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adsorption capacity of the material at different initial 

contaminant concentrations. From that point, the 

appropriateness of the adsorption model is based on 

the calculation of the coefficient R2. 

From the charts shown in Figures 9A, 9B, it can be seen 

that the first-order kinetic equation has an unreliable 

linear regression of 0.83 - 0.95 while the second-

degree kinetic equation has R from 0.9909 to 0.9993. 

The calculated qe value of the second order adsorption 

kinetic equation is very close to the experiment. Thus, 

the second order kinetic equation is suitable for 

explaining the adsorption process. 

 

R eusability of the adsorbent 

 

The reusability of HNT/GO is illustred in Fig. 10. After 

five adsorption/desorption cycles, the adsorption 

efficiency of the recycled HNT/GO were still more than 

90% with the initial pollutant’s concentration of 50ppm. 

These results suggest that our nanocomposite offered 

excellent performance after regeneration and 

economical cost-effective solution benefiting for large- 

scale purposes. 

 

Figure 10: Reusabiltiy of the material in adsorption 

process 

Conclusion 

 

In this study, composite nanomaterials were 

successfully synthesized from graphite and halloysite 

sources via simple procedure.The adsorption efficiency 

of the material for RY-145 dye is 99% after 4 hours, 

with an initial contaminant concentration of 50 ppm. 

This number is considerably higher than using only 

halloysite nanotube or graphene oxide as adsorbent. 

The adsorption capacity of the material improves with 

increasing stirring speed and is kept at ambient 

temperature. Research on adsorption kinetics of the 

material for RY-145 shows that the adsorption capacity 

of the material is consistent with the second order 

adsorption kinetic equation. The highest adsorption 

content is about 233 mg/g at ambient temperature. In 

addition, the material shows high perfomance in 

reusability represented by intact excellent removal 

efficiency (> 90%) after 5 rounds of recyclabiltiy. The 

results obtained confirm the high adsorption capacity 

of the material to the pollutant textile waste and its 

potential in wastewater treatment process. 
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