
 

 

Abstract— Montmorillonite K10 (MMT K10), the major clay 

mineral commercially available can be treated to improve its 

properties and thus can be utilized for a broad range of organic 

reaction including esterification of fatty acids for biodiesel 

production. However, the use of unmodified MMT K10 in 

esterification of fatty acids showed that the acid conversion was 

less than 60 %. The aim of this study is to utilize available 

material i.e. MMT K10 modified with Cu2+, Al3+ and Fe3+ at 

various concentrations as catalyst for the esterification of acetic 

acid and stearic acid. The x-ray diffraction and elemental 

analysis of the materials were successfully characterized. After 

characterization, the materials were evaluated for the 

esterification of acetic acid and stearic acid with methanol. 

Prepared catalysts were able to give the highest acid conversion 

of up to 75% relative to the unmodified MMT K10 revealing 

the potential of M-MMT K10 as catalyst for esterification in 

biodiesel production.   

 

Index Terms—acid catalyst, esterification, montmorillonite 

K10, stearic acid, acetic acid, methanol 

 

I. INTRODUCTION 

HE extensive demand for a cleaner environment is 

forcing the chemical industry to use less hazardous, low 

cost and environmentally friendly materials. Clay mineral 

constitutes one of these materials. Clay mineral is a group of 

aluminosilicates that have been widely used as 

heterogeneous catalysts for many types of organic synthesis, 

due to their favourable properties such as low cost, thermal 

stability, selectivity, large surface area, easily separated as 

well as environmentally friendly [1].  

Clay catalyst was proven to have both the Lewis and 

Brønsted acid sites. The Lewis acidity is due to the cations at 

the crystal edges and this acid site can be enhanced by the 

exchange of the interlayer cations i.e. Na+ and Ca2+ with Al3+ 

ion by the reaction of clay with AlCl3 solution. While the 

Brønsted acid character of clays arises mainly due to the 

dissociation of the intercalated water molecules coordinated 

to cations [2]. The presence of hydroxyl group (-OH) on the 
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surface of clay minerals makes it as a hydrophilic material, 

which can link very easily to the water molecules. The 

chemical properties of clay minerals such as the acidity 

which is due to the presence of Lewis and Brønsted acidity, 

hydroxyl groups, and the type of exchangeable cations, make 

the clay catalysts as suitable heterogeneous catalysts for 

many chemicals and industry applications [3].   

Among the clay catalyst, MMT is the most studied due to 

its high abundance and intrinsic acidity. MMT is 

commercially available in two forms; MMT K10 and MMT 

KSF. It is the most important smectites with a layered 

aluminosilicates clay mineral that can be classified as 2:1 

type dioctahedral. The MMT clay has been widely used as a 

heterogeneous catalyst for many of organic reactions and 

provides several advantages such as high acidity, 

inexpensive, non-corrosive properties, high yields and 

selectivity, easy setting, separate from the reaction mixture 

and easily recovered and reused [4].  

The surface modifications of MMT K10 have received 

attention because this allows the production of new materials 

which can be used for many applications [5]. There are 

considerable methods which can be used to modify MMT 

K10 such as pillaring, acid activation and cation exchange. 

The acid activated MMT K10 has been used as a 

heterogeneous catalyst for the esterification of 4-htdroxy 

benzoic acid (HBA) with three different type of alcohols i.e. 

methanol, ethanol and propanol to the synthesis of parabens 

[6]. A study was conducted on the copper(II) ion exchanged 

MMT K10 and its catalytic activity in the direct addition of 

N-H bond to the CC triple bond was successfully evaluated 

revealing an increase in the reactant conversion from 1 to 36 

% using the MMT K10 and Cu-MMT K10 respectively [7].  

Reference [8] conducted a study on using the cation 

exchanged i.e. H+, Al3+, Fe3+, Ce4+, Yb3+, Sc3+, Y3+, Mn2+, 

La3+, Co2+, Ni2+, Zn2+, Pb2+ and Na+ on MMT K10 as 

catalysts for the acetylation of alcohol. The catalysts showed 

an increasing in the Lewis acid sites monitored by IR using 

pyridine, acetonitrile and acetone. Among the modified 

catalysts, Fe3+-MMT K10 was the most effective (yield 

above 92%) towards the acetylation of cyclohexanol with 

acetic anhydride at room temperature.  

Esterification of succinic anhydride to di-(p-cresyl) 

succinate was conducted over Mn+-MMT clay catalysts 

(Mn+= Al3+, Fe3+, Cr3+,Mn2+, Zn2+, Ni2+, Cu2+ and H+) [9]. In 

this study, MMT K10 and p-toluenesulphonic acid were 

used as catalysts and the catalysts were characterized using 

XRD and BET surface area. The total acidity was measured 
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using n-butylamine titration method. Among the Mn+-MMT 

catalysts tested, Al3+-MMT and H+-MMT were found to be 

the most active catalysts for the esterification of succinic 

anhydride and p-cresol with 75 % yield of esters. 

II. MATERIALS AND METHOD 

A. Preparation and Characterization of M-MMT K10 

A series of M-MMT K10 catalysts were prepared by 

adding 10 g of MMT K10 to 0.25, 0.5, 0.7 and 1 M aqueous 

solutions of Cu(CO2CH3)2.H2O, AlCl3 and Fe(NO3)3.9H2O 

at 80 oC for 8 hours. Then the slurry was cooled, filtered and 

washed thoroughly with distilled water. The samples were 

dried at room temperature, then at 100 °C for 12 hours, 

followed by calcination at 300 °C for 4 hours [10]. The 

crystalline phases of M-MMT K10 catalysts were 

characterized by XRD. XRD analysis was performed 

through Cu K radiation. The data in intensity was plotted in 

a chart based on 2θ in a range of 5o – 60o. Energy-dispersive 

X-ray spectroscopy analysis (EDX) (Horiba EMAX model 

EX 250) was carried out to determine the amount of metals 

in the MMT K10.   

B. Catalytic Activity 

The catalytic activity of M-MMT K10 was measured via 

esterification of acetic acid and stearic acid with methanol. 

The reactions were carried out at different temperatures for 3 

hours with 2 g of acids in 100 ml of alcohols and 600 mg of 

solid catalyst. The percentage of conversion of stearic acid 

to ester was determined by titration with 0.02 M NaOH. The 

conversion of stearic acid was calculated using this formula: 

 
where (ai) is the initial acidity of at t0 and (at) is the acidity 

at (t). Blank reaction (without addition of catalyst) and 

reaction catalyzed with unmodified MMT K10 were also 

tested in this work. 

III. RESULTS AND DISCUSSION 

A. X-ray Diffraction 

X-ray pattern of pure and modified MMT K10 with 

concentration of 0.75 M for each samples are shown in Fig 

1. The d001 value of peak at 2θ = 8.8o indicates the presence 

of 2:1 (T:O:T) structure [15]. Other peaks at 2θ = 20.9o, 

26.6o and 27.8o with d spacing 4.23, 3.34, and 3.19 Å, 

respectively were due to quartz which present as an impurity 

[11], [12].  

The d001 for all modified samples were found to be in the 

same range to the unmodified MMT K10 and suggested that 

the interlayer separation of clay was not affected by the 

introduction of cations into the clay structure [13]-[15]. This 

is consistent with what has been studied previously where 

the metal cations were fixed solely on the outer surfaces of 

the clay and if any inclusion of metal cations occurred, it 

would increase the d values [16]-[18]. 

 

 
Fig. 1.  XRD patterns of MMT K10 and modified samples. 

 

B. Energy Dispersive X-ray (EDX) 

The surface composition (%) of cations from EDX 

analysis is given in Table 1. From the EDX data, all samples 

showed Fe and Al as part of elements represented the 

components of MMT K10. While Cu element was only 

detected for Cu-MMT K10 sample. The addition of aqueous 

solutions of Al3+ and Fe3+ had improve the amount of these 

element in the MMT K10 structure. This suggest that the 

metal cations were distributed on the surface of MMT K10 

clay. 

      
TABLE I 

ELEMENTAL COMPOSITIONS (%) FROM EDX ANALYSIS OF MMT K10 AND 

MODIFIED SAMPLES 

Sample Fe Al Cu 

MMT K10 0.63±0.05 4.56±0.10 N.D. 

0.25 M Fe-MMT K10 1.39±0.03 4.07±0.42 N.D. 

0.5 M Fe-MMT K10 2.06±0.03 4.23±0.13 N.D. 

0.75 M Fe-MMT K10 3.09±0.06 4.12±0.27 N.D. 

1.0 M Fe-MMT K10 4.92±0.27 3.82±0.27 N.D. 

Al-MMT K10    

0.25 M Al-MMT K10 0.56±0.02 4.79±0.19 N.D. 

0.5 M Al-MMT K10 0.96±0.10 5.51±0.16 N.D. 

0.75 M Al-MMT K10 0.54±0.05 6.75±0.44 N.D. 

1.0 M Al-MMT K10 0.70±0.19  7.91±0.22 N.D. 

Cu-MMT K10    

0.25 M Cu-MMT K10 0.56±0.12 4.87±0.94 3.44±0.11 

0.5 M Cu-MMT K10 0.57±0.09 4.33±0.34 4.52±1.30 

0.75 M Cu-MMT K10 0.63±0.05 4.46±0.34 7.91±0.68 

1.0 M Cu-MMT K10 0.60±0.48 3.49±0.33 18.86±2.63 

N.D.: Not detected 

C. Catalytic Activity 

Esterification of stearic acid with methanol and acetic acid 

with methanol at 80 oC are shown in Figure 2 and 3 

respectively. It can be observed that the reaction occurred in 

the absence of catalyst and unmodified MMT K10 only gave 

less than 45% of acid conversion for both types of acid used. 

This explained that the esterification reaction can also occur 

even in the absence of catalyst, with a small acid conversion 

value [19]. For the unmodified MMT K10 sample, the 

presence of Brønsted and Lewis acid sites [20] caused the 

acid conversion to occur slightly higher than the reaction 

without catalyst. The modified 0.75 M Cu-MMT K10 

catalysts resulted in a high acid conversion for up to 75% 

and 70% of stearic acid and acetic acid conversion 

respectively. The high amount of Lewis acid site in 0.75 M 

Cu-MMT K10 reported by reference [21] was expected to 

give this good conversion of acids. 
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There was a noticeable difference between conversion of 

acetic acid and stearic acid in the esterification with 

methanol in the presence of catalysts. The stearic acid being 

a saturated fatty acid gave higher conversion values 

compared to acetic acid. Stearic acid had a linear structure 

containing hydrophilic and hydrophobic parts, and the 

modified catalysts had the hydrophobic property [22]. It was 

suggested that the hydrophobic part from stearic acid was 

absorbed onto the catalyst surface to be made available for 

the reaction. Short chain acid esters are more soluble in 

water, as water is the byproduct in an esterification reaction, 

compared to longer chain acid esters, where they loses 

selectively on refluxing the esterification medium [23]. 

 

 
Fig. 2. Effects of catalyst on esterification of stearic acid with methanol at 

80 oC after 3 hours of reaction time.   

 

 
Fig. 3. Effects of catalyst on esterification of acetic acid with methanol at 

80 oC after 3 hours of reaction time.   

  

Figure 4 shows the influences of temperature on the 

esterification of stearic acid with methanol at three different 

reaction temperatures; 80, 100 and 120 oC.  Figure 5 

illustrates the influence of temperature on the esterification 

of acetic acid with methanol at 60, 70 and 80 oC. 

For the percentage of stearic acid conversion, there was a 

significant difference in the conversion of acid with the 

increase of the reaction temperature from 80 to 120 oC. As 

shown in Figure 4, at 80 oC the conversion of stearic acid 

was significantly higher (ca. 78%) than the esterification at 

100 oC (ca. 60%) and 120 oC (ca. 70%).  This might be due 

to the alcohol used, as the boiling point of methanol is 64.7 
oC and the reaction temperature was achieved under reflux to 

avoid the vapor loss during the reaction. The stearic acid 

solubility and miscibility with methanol can be observed at 

high temperature and thus facilitated the protonation of the 

carbonyl group of stearic acid and nuclephilic attack of 

methanol on the acid [24]. 

From Figure 5, it can be seen that the increase in the 

reaction temperature had a positive effect on the percentage 

of acetic acid conversion. The conversion increased with 

increasing the reaction temperature from 60 oC (57%) to 80 
oC (75%). The same trend was also observed for the 

esterification of acetic acid with ethanol over 

dodecatungestophosphoric acid supported on MMT K10 and 

esterification of acetic acid with ethanol over acid activated 

MMT respectively [19], [25]. As can be seen, the optimum 

reaction temperature was 80 oC for both acids used (stearic 

acid and acetic acid).  

 

 
Fig. 4. Effect of temperature on esterification of stearic acid with 

methanol. Reaction condition: Catalyst; 0.75 M Cu-MMT K10, Reaction 

time; 3 hours. 

 

 
 

Fig. 5. Effect of reaction temperature on esterification of acetic acid 

with methanol. Reaction condition: Catalyst; 0.75 M Cu-MMT K10, 

Reaction time; 3 hours.  

D.  Kinetic Study 

The rate of reaction of the change in the concentration of 

reactant divided by the time interval during which this 

change was observed. Overall, the rate of the reaction can be 

written using the following equation: 

 

Rate of reaction (R) = - Δ [acid concentration] / Δ [time] 

 

The rate of the esterification reactions (stearic acid with 

methanol and acetic acid with methanol) at 80 oC were 

calculated using this equation and Table 2 shows the results 

obtained. As can be seen from the table, the rate of reaction 

using modified MMT K10 was increased compared with the 

rate of reaction without the catalysts and unmodified MMT 

K10. This is due to the presence of catalyst and the catalyst 

can speed up for both forward and reverse reactions 

involving a final equilibrium state. 
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TABLE 2 

THE RATE OF THE REACTION (IN MOL/L.MIN) USING DIFFERENT CATALYSTS 

FOR BOTH TYPES OF ACID WITH METHANOL 

Catalyst Acetic acid Stearic acid 

Without catalyst 0.028   0.00020    

Unmodified MMT K10 0.023 0.00022    

0.75 M Cu-MMT K10 0.03    0.00030      

IV. CONCLUSION 

The results showed that the 0.75 M Cu-MMT K10 was 

the efficient cation concentration that gave the highest acid 

conversion for both types of acids. In this work, it was 

suggested that the stearic acid ester can be synthesized at a 

high acid percentage using the catalysts prepared from 

simple and natural clay modified with the earth mineral i.e. 

Fe, Al and Cu. Furthermore, it required a relatively low 

temperature i.e. 80 oC and only a short time to achieve 

maximum conversion. This was in addition to the advantages 

of clay such as present in abundance, low cost, eco-friendly, 

and the modification of clay only required simple steps, with 

the use of clay as a catalyst for many of organic synthesis. 
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