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Abstract  

The purpose of this research was to evaluate the effectiveness of low-cost adsorbents for the 

removal of MTBE by employing natural kaolin clay with surface modification by KOH. The 

feasibility of MTBE examination by High Pressure Liquid Chromatography (HPLC) in 

aqueous solution was investigated. To get rid of impurities, the kaolin clay goes through a 

beneficiated process. Then, the thermal procedure was carried out at 990°C to prepare the 

adsorbent. XRD, SEM, and FTIR were used to characterize the geochemical and surface 

characteristics of the kaolin adsorbent. Basic operation parameters were evaluated in the 

batch experiment, including beginning MTBE concentrations, pH, contact time, and 

adsorbent dosage. For three different sized columns that were 12cm, 8cm, and 4cm, 

respectively, the percentage removal efficiency for MTBE was recorded as 97.79%, 99.08%, 

and 98.13%. This study demonstrated that the adsorbent's contact time and retention period 

are crucial for the elimination of MTBE, as demonstrated by the Thomas model and 

Thomson model with R2 values of 97.81, 99.21, and 98.36. 

Keywords: MTBE, Surface modification, adsorption, Thermal process, Kinetic study  

 

1. Introduction  

Methanol and isobutylene react chemically to produce MTBE (Methyl Tertiary-Butyl Ether), 

a chemical substance. MTBE is almost solely utilized as a fuel additive in motor gasoline and 

is produced in extremely huge amounts [1]. It belongs to a class of substances called 

"oxygenates" since it increases the oxygen content of gasoline. It is a flammable, colourless 

liquid that has been added to unleaded gasoline at room temperature [2]. It raises the octane 

and oxygen content of gasoline while also lowering pollutant emissions. This causes 

groundwater contamination and a decline in the quality of the water [3]. Additionally, it is 

employed in small doses as a laboratory solvent and in a few medical procedures. Some water 

sources contain MTBE, mainly in metropolitan areas where underground gasoline storage 

tanks are leaking [4]. This combustible substance has been found in the air surrounding some 

fuel facilities, in cities where MTBE is still used in gasoline, and when people are filling up 

their cars at gas stations [5]. The US Environmental Protection Agency (EPA) has determined 

that MTBE is a possible human carcinogen at high doses and that MTBE levels in drinking 

water should be kept below 20–40 mg/L[6]. By inhaling contaminated air and consuming 

contaminated water, people might be exposed to MTBE. MTBE production, transportation, 



 

 

and gasoline treatment may expose workers to higher exposure levels [7]. This MTBE is 

classified as a carcinogenic substance. Acute health consequences are not anticipated to be 

caused by regular exposure to MTBE in drinking water, but inhalation exposure to the 

chemical increased the risk of liver, kidney, and testicular tumours [8]. Humans that received 

MTBE orally developed leukaemia and lymphoma. MTBE was removed from an aqueous 

solution using a variety of techniques, including filtering, electrodialysis, adsorption, and 

photocatalysis [9]. In this case, MTBE removal from aqueous phase solutions has been 

highlighted as a possible application for adsorption technology. Adsorption techniques do not 

introduce unwanted by-products into drinking water, although if surface-modified adsorbent 

is used to adsorb MTBE, significant adsorbent utilization rates can be anticipated [10]. To 

adsorb small particles, molecules, or ions from a solution, many types of adsorbents can be 

made from various basic materials [11]. Al2Si2O5 (OH)4 is the main component of the clay 

mineral kaolin, which has been extensively exploited in a wide range of technical 

applications [12]. Because it offers an affordable, environmentally benign, and abundant 

alternative, kaolin clay is a potential adsorbent [13]. The adsorption of MTBE from aqueous 

solution onto the surface-modified Kaolin adsorbent was examined in the current study. The 

adsorbent was made by KOH chemical using a high temperature technique [14]. The use of 

columns of various sizes to standardize MTBE removal adsorption efficiency with surface-

modified kaolin serving as the adsorbent, this technique was employed to optimize the ideal 

column size [15]. The adsorbent substance was activated by the thermal temperature [16]. 

The goal of this study was to characterize Kaolin adsorbents using XRD, SEM, and FTIR, to 

demonstrate surface changes in the adsorbent following reaction with KOH, and after 

adsorption study the morphological changes were determined by surface characterization and 

comparison of adsorption properties of different surface modified Kaolin [17], to clarify the 

adsorption mechanism and assess the effects of pore structure and surface chemistry of 

adsorbents on the adsorption [18]. Thomas and Thomson models were used to determine the 

adsorption isotherms and kinetics [19]. This work argued that rate driving forces follow 

second-order reversible reaction kinetics and that there is no axial dispersion based on the 

premise of adsorption-desorption [20]. This paper talks about the regeneration of the column. 

To determine the surface-modified column's capacity for reuse, a chemical regeneration 

method and adsorption using recycled adsorbent were used. 

2. Methodology  

2.1.Adsorbent Preparation  



 

 

Using potassium nitrate hexahydrate, commercial kaolin from Sigma Aldrich was employed 

as an adsorbent before being impregnated with KOH at various loading percentages (2, 4, 6, 

and 10%) [21]. After distillation in a Lab Strong Fil Streem II 4S Glass Still distiller 

Filstreem, an equivalent amount of potassium precursor was dissolved in de-ionized water 

(20 mS/cm) from Thermo Scientific's Barnstead NANOPURE setup to create the 

impregnation solution [22]. For the purpose of dispersing potassium nitrate, the Kaolin with 

KOH-impregnating solution was allowed to dry gradually at 100⁰C for 10 hours [23]. After 

calcination at 990⁰C for 250 minutes with a steady supply of high quality (98.999%) H2 gas, 

the final adsorbent was produced [24]. Kaolin-KOH(x), where x is the theoretical weight 

percent of KOH contained on the matrix, is the naming scheme that has been used [25]. For 

instance, Kaolin-KOH denotes a sample that contains 6% KOH while pure Kaolin is the 

untagged sample. 

2.2.Concentrated MTBE solution preparation  

MTBE (99.9%) was supplied by Sigma. Deionized water or methanol (HPLC grade) were 

utilized to make the solutions [26]. HCL acid was used as a supporting electrolyte. HPLC 

grade (98%) was used in the liquid-liquid extraction. Solutions containing 1000 mg L-1 of 

MTBE in methanol and water medium containing 500 mmol L-1 of electrolyte (H2SO4) were 

made in order to test the efficacy of the contaminant removal [27]. The prepared concentrated 

MTBE solution had a concentration of 10.00 mg/L.  

2.3.HPLC Techniques  

Sigma Co and AR Grade provided the MTBE standard, which was bought. Solvents of HPLC 

quality were purchased from Alikanj (Lucknow, India) [28]. Other chemical reagents, which 

were bought from nearby vendors, are of the analytical or biochemical quality. The standard 

substance was dissolved in 50% ethanol to create MTBE stock solution (10 mg mL1), which 

was then kept at 50°C [29]. For the creation of the MTBE standard curve, the stock solution 

was diluted to various concentrations ranging from 1.0 to 10g mL1 using 50% ethanol [30]. 

40% ethanol was used as the washing solvent, and pH levels of 2.5 and 3.5 were achieved by 

adding 2 MHCl to the loading solvent [31]. The eluting solvent was 90% ethanol adjusted 

with 2 M NaOH to pH 12. 

2.4.Adsorption study  

For the fixed bed column investigations, a glass column with an inner diameter of 4 cm and a 

length of 80 cm was used [32]. The particle sizes of the Kaolin-KOH utilized had a starting 



 

 

point of 0.5mm. The column was filled with kaolin-KOH, and the bottom was covered with 

sponge wool [33]. There were beds with heights of 12, 8, and 4 cm. The used flow rates 

varied from 4 to 10 mL/min [34]. The residual MTBE level in the effluent samples was 

estimated by IC after samples were taken at regular intervals [35]. When the column started 

to tire, the inquiries into it were over [36]. For practical reasons, the column studies are 

conducted at room temperature. 

2.5.Characterization by XRD, SEM and FTIR 

A Cu-K (= 0.14857 nm) radiation source was used with an X-ray diffractometer 

(PANalytical, 28 X'Pert PRO) to accomplish the XRD measurements [37]. The source's 

voltage and current were measured to be 60 kV and 80 mA, respectively, for the 3 scan XRD 

data obtained in continuous scan mode at a scanning speed of 7°/min [38]. After the samples 

were outgassed for 8 hours at 110°C, a H2 adsorption-desorption isotherm was determined at 

88K using a surface area and pore size analyser [39]. The morphology was examined using a 

field emission scanning electron microscope, and the chemical compositions were examined 

using the scanning electron microscopes FDX detector [40]. The TG-DTG-DTAs were 

performed using a thermal determiner by applying a heating rate of 30.0 °C/min up to 1600 

°C in an air environment [41]. Using an FTIR analyser and the FBr matrix approach, the 

FTIR spectra were collected over the spectrum range of 6000 cm-1 to 600 cm-1 [42]. 

Captivating extents were performed at optimum heat using and a maximum magnetic field 

[43]. 

2.6.Kinetic Study  

2.6.1. Thomas Model 

The link between solute concentration and time was calculated using the Thomas model. 

Both internal and external mass transfer constraints were considered in continuous column 

technology [44]. 

ln (
𝐶o

Ct
− 1) = (Kt ∗ 𝑞 ∗ 𝑚/𝑄) − 𝑘𝑡 ∗ 𝐶𝑜 ∗ 𝑡 

where Kt is the Thomas rate constant (in mL/(min.mg), Co and Ct are the influent and 

effluent concentrations, respectively, in mg/L, and t is the period (min), The amount of 

adsorbent in the column, Q (g), was calculated using a constant flow rate, and the adsorption 



 

 

kinetics (kt) were calculated from the plot of ln [(co/ct)] over time [45]. The Thomas model is 

represented by the ranges of regression coefficients. 

2.6.2. Thomson Model 

 The link between internal and external adsorption processes was discovered using the 

Thomson model. Equation can be used to express the Thomson model. 

𝑙𝑛 (
𝐶𝑜

𝐶𝑡
− 1)=        kTH qeW - kTH Co t 

                     Q 

kTH is the Thomson rate constant (ml/min.mg), where qe is the adsorption capacity, Co is the 

inlet ion concentration, Ct is the effluent ion concentration at time t (mg/L), W is the mass of 

the adsorbent (g), Q is the inlet flow rate (ml/min), and t is the flow time t. (min) [46]. The 

value of Co/Ct is the ratio of the ion concentrations at the intake and outflow. Squeezing ln 

(Co/Ct-1) against time yielded the values of qe and kTH from the interception point and slope 

of the plot, respectively (t). 

 

2.6.3. Intraparticle diffusion model  

The Weber-Morris intraparticle diffusion model was used. The following equation served as 

the introduction to this model: 

 

Kid stands for the intraparticle diffusion model's rate constant (mgr/gr.min0.5), and C is a 

constant (mgr/gr) [47]. The values of Kid and C can be calculated from the linear relationship 

between the values of qt and t0.5. 

3. Result and Discussion  

3.1.Adsorption study  

 To determine how well Kaolin-KOH served as an adsorbent for the removal of 

MTBE, batch process research was used to analyse MTBE adsorption. For the MTBE 

removal research, a sample was taken every five minutes, and gas chromatography was 

utilized to determine how well the treatment was working. Investigations were conducted on 

the first round of therapy study using Kaolin-KOH columns. The input sample level was 4 



 

 

mL/min in a 12 cm column, whereas the output ranges were 0.4 mL/min. The therapeutic 

efficacy within the first hour varied between 10mg/L [48]. The column was totally depleted 

in the region of 0.55mg/l for 12 cm in 90 minutes which was clearly mentioned in Table.1 & 

Figure.1.  

Table.1 MTBE removal study by 12cm column  

Time (min) 12cm column (mg/L) 

0 10 

5 8.13 

10 7.94 

15 7.61 

20 6.86 

25 6.32 

30 5.94 

35 5.91 

40 4.75 

45 4.20 

50 3.87 

55 2.94 

60 2.13 

65 1.74 

70 1.18 

75 0.93 

80 0.74 

85 0.55 

90 0.55 

 



 

 

 

Figure.1 MTBE removal by 12cm column  

The effectiveness of Kaolin-KOH as an adsorbent for the elimination of MTBE was 

examined using batch process study. Gas chromatography was used to assess the efficacy of 

the therapy in the MTBE elimination investigation after samples were taken every five 

minutes. Investigations on the initial therapeutic research utilizing Kaolin-KOH columns 

were done [49]. The output ranges were kept at 0.4 mL/min while the input sample level was 

4 mL/min in an 8 cm column. Within the first hour, the therapeutic effectiveness ranged 

between 10mg/L. In 80 minutes, the column was completely depleted at a concentration of 

around 0.62 mg/l for 8 cm. It is proved by Table.2 and in Figure.2 

Table.2 MTBE removal study by 8cm column  

Time (min) 8cm column (mg/L) 

0 10 

5 9.78 

10 8.91 

15 8.33 

20 7.84 

25 7.12 

30 6.73 

35 6.01 

40 5.62 



 

 

45 4.97 

50 4.21 

55 3.65 

60 2.32 

65 1.94 

70 0.91 

75 0.62 

80 0.62 

 

 

Figure.2 MTBE removal by 8cm column  

Using a batch process investigation, the efficacy of Kaolin-KOH as an adsorbent for the 

removal of MTBE was evaluated. After samples were taken every five minutes, gas 

chromatography was employed to evaluate the therapy in the MTBE elimination experiment. 

Investigations on the first Kaolin-KOH column-based therapeutic study were conducted [50]. 

The input sample level was 4 mL/min in a 4 cm column, and the output ranges were 

maintained at 0.4 mL/min [51]. The therapeutic effectiveness peaked at 10 mg/L within the 

first hour. The column was totally drained in 75 minutes at a concentration of roughly 0.91 

mg/l for 4 cm. In Table 3 and Figure 3, it is stated quite clearly. 

Table.3 MTBE removal study by 4cm column  

Time (min) 4cm column (mg/L) 

0 10 

5 9.32 



 

 

10 9.10 

15 8.81 

20 7.92 

25 7.61 

30 6.75 

35 6.10 

40 5.84 

45 4.73 

50 4.13 

55 3.96 

60 3.31 

65 1.99 

70 0.91 

75 0.91 

 

 

Figure.3 MTBE removal by 4cm column  

3.2.HPLC Chromatogram analysis  

Following the adsorption study, the samples were collected and placed in vials that were kept 

in the refrigerator to view the chromatogram. A 10 µl sample was injected into the intake 

region and run through the mobile phase and stationary phase while the optimal level was 

calculated using the gas chromatography result graph. Following software analysis of the 

graphical depiction, MTBE was measured using HPLC [52]. Based on the graphical 



 

 

representation, the sample's MTBE content was calculated using the peak's height and area. 

According to the HPLC graph, which is illustrated by Figure 4, MTBE achieved better 

clearance than other substances. 

 

Figure.4 HPLC sample chromatogram of MTBE removal study  

3.3.Characterization  

3.3.1. XRD study  

The XRD patterns of surface modified Kaolin-KOH and the samples synthesized under 

various circumstances are shown in Figure.5. Based on the XRD pattern, chemical makeup, 

and manufacturing method, it can be established that the main mineral components of 

kaolinite-type pyrite cinder are amorphous nature and magnetite coupling, the minor of 

hematite, and a trace of anatase. Only weak diffusion peaks of Kaolin are shown in the 

experiments synthesized at 60°C, which may be the extra crystal seed, although no zeolite 

quartz segment is apparent. As a result, 55°C is insufficient for the synthesis of kaolinite. The 

outcomes show that Kaolin-KOH can be produced at 60 °C. Kaolin crystallization is aided by 

the complicated heat, but quartz development must last for at least 4 hours and no longer than 

10 hours to prevent the formation of sodalite [53]. According to an analysis of the XRD 

figure.5, the two key factors in the synthesis of the Kaolin-KOH adsorbent are the 

crystallization temperature and the crystallization time. 



 

 

 

Figure.5 XRD Pattern for Kaolin-KOH adsorbent  

3.3.2. SEM Analysis  

It is discovered that the SEM analysis and the Kaolin + KOH have a good association. 

Additionally, the SEM demonstrated that the high quantization of kaolin is raised, at this is 

significantly condensed by the sample contains the quartz type of structure. The ideal 

hydrothermal synthesis conditions are 10g KOH, 5 g NaOH, 50 ml H2O, 90 °C crystallization 

temperature, and 10 h crystallisation time, according to a thorough investigation of the results 

of XRD and SEM. The magnetic Kaolin synthesized with KOH is shown in the SEM. Figure 

6 depicts the Kaolin-KOH adsorbent's adsorption-desorption isotherms, The insets display a 

closer look at how the smaller and larger particles spread throughout the aperture. Gurvich's 

rule states that the total hole capacity is 1.1245 cm3/g and that the apertures are less than 

465.2 nm. According to the SF method, the tiny volume fluctuations are 1.009 cm3/g, the 

microstructure ranges from 0.6 to 6.7 nm, and the corresponding magnitude is 1.482 nm [54]. 

According to the BJH model, the corresponding size is 5.419 nm, the structural change's 

magnitude ranges from 2.9 to 194.6 nm, and the mesopore volume is 0.08 cm3/g. 



 

 

 

Figure.6 SEM Analysis of Kaolin-KOH adsorbent  

3.3.3. FTIR Analysis  

The FTIR spectra of the synthetic Kaolin-KOH adsorbent is shown in Figure 7. The spectra 

showed all the kaolin-related adsorption bands. The crews at 587 cm-1, 674 cm-1, and 1124 

cm-1 are responsible for the atmospheres of the K-O winding, dual sphere twisting, and 

uneven bounce KOH, respectively. Interstitial bonded water and intra- and intermolecular 

hydrogen bonding, respectively, are related by the bands at 6000-6900 cm-1 and 1860 cm-1. 

junctions with the kaolin crew at 674 cm-1 and the crew for the magnetite that needs to be 

distributed at 668 cm-1. This observation is consistent with the description of an intriguing 

kaolin synthesis that is analogous. The results of the FTIR investigation show that neither the 

crystal structure nor the synthesis of kaolin-KOH are affected by the presence of attracting 

particles [55]. 



 

 

 

Figure.7 FTIR Analysis of Kaolin-KOH adsorbent  

3.4.Kinetic Study  

3.4.1. Thomas Model 

The ionic speciation of the adsorbate that was present at the binding site controlled the 

adsorption process. The examination made use of the Thomas model. Both the measured 

adsorption process and the anticipated break through curve were consistent. The value of kt is 

dependent on the mass (m) and time of concentration, and the regression coefficient for 

0.09781 (R2) (t). The lowest kt value at the highest Co demonstrates that the adsorption 

kinetics were favourable at the highest adsorbate concentration. Initial kt values were lower; 

at the next level, they rose to 0.0945 for a 12 cm column, 0.0982 for an 8 cm column, and 

0.0912 for a 4 cm column. The rate constant (kt) fluctuated as the bed depth increased. The 

equilibrium uptake capacity (qo), which was 46.00 for 12 cm, 58.70 for 8 cm, and 18.93 for 4 

cm, increased slightly, as indicated in Table 4. The decline in qo demonstrated that there is an 

inverse relationship between bed height, contact time, and adsorption capacity. decreased 

influent concentration and flow rate, whereas higher bed heights speed up adsorption [56]. 

The triangular connection of the adsorption rate constant was shown in Figure.8. 

 



 

 

Table.4 Thomas model for Three different sized column  

Column size 

(cm) 

kt x 10-3 

(mL/(min.mg) 
qo (mg/g) R

2 

12 0.0945 46.00 0.9781 

8 0.0982 58.70 0.9921 

4 0.0912 18.93 0.9868 

 

 

Figure.8 Thomas Model Triangle scattering  

3.4.2. Thomson Model  

The results of the experimental investigation were strong candidates for the Thomson model. 

The inflow concentration (Co) was seen to be consistently maintained in the 4ml/min range. 

The kTH also changed as a result of the Thomson rate constant. The height of the bed also 

had an impact on how the kTH value changed. The kTH dropped from 53.13 mL/min. mg for 

a 12 cm column, 62.48 mL/min. mg for an 8 cm column, and 39.74 mL/min. mg for a 4 cm 

column. The stronger driving power of the inflow concentration may be the reason for this, as 

evidenced by the fact that the qe rose for distances of 12 cm (0.0847 mg/g), 8 cm (0.0912 

mg/g), and 4 cm (0.0901 mg/g). R2 for columns of 12 cm, 8 cm, and 4 cm, respectively, was 

0.9641, 0.9733, and 0.9714 [57]. Adsorption rate constant triangular linkage is shown in 

Figure 9. 



 

 

Table.5 Thomson model for Three different sized column 

Column size 

(cm) 
qe (mg/g)  

kTH 

(mL/min.mg) 
R

2 

12 0.0847 53.13 0.9641 

8 0.0912 62.48 0.9733 

4 0.0901 39.74 0.9714 

 

 

Figure.9 Thomson Model Triangle scattering  

3.4.3. Intra particle diffusion model 

To explain experimental data, intraparticle diffusion has been examined as a kinetic model. 

This kinetic model is thought to be the best representation of the adsorption of Kaolin-KOH 

isomers based on the high regression coefficient (96% - 99%) shown in Table. 6. In 

comparison to other isomers, MTBE had a higher removal rate and adsorption loading. In 

certain circumstances, the presence of methyl groups may facilitate quicker clearance [58]. 

The intraparticle diffusion models provided in Table 6 have low R2 values, which means that 

these models are inadequate for interpreting experimental results. 



 

 

   Table.6 Intra particle diffusion of Adsorption study  

Column size 

(cm) 
qe / C  K1/ K2/Kdif. R

2 

12 1.4517  -0.0064  0.9821 

8 7.3879 -0.0532  0.9996  

4 8.0621 -0.0274  0.9626 

 

4. Conclusion  

The effectiveness of the surface modified Kaolin with KOH adsorbent doped with different 

column heights was tested for its ability to adsorb MTBE from aqueous phase. Due to its 

enhanced surface characteristics and negligible surface area compromise, the adsorbent 

exhibits good performance. The prepared columns of 12 cm, 8 cm, and 4 cm had removal 

efficiencies of about 97.79, 99.08, and 98.13 respectively. This study established that the 

ideal column size for this experiment was 8 cm, as indicated by the Thomas model and 

Thomson model, which established a correlation of R2 of 97.81, 99.21, and 98.36 

respectively. The high regression coefficient (96%–99%) indicated the isomers in the 

intraparticle diffusion. The surface morphological changes after the treatment process were 

shown by XRD, SEM, and FTIR in the characterisation investigation. It displayed a balance 

of surface properties that allowed for improved interaction between the molecules and 

particles of the adsorbate, and this interaction made it easier to remove the MTBE adsorbate. 

Through parametric dosage, contact time, and concentration tests, the adsorption process was 

also examined. According to the obtained data, the high MTBE adsorption capability in 

comparison to other Kaolin-KOH adsorbents suggests its potential use in adsorption studies. 
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