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1.Introduction – VOC’s (Volatile Organic Compounds) are an important group of organic compound 

widely studied due to their relationship with of tropospheric ozone formation and the negative effects 

generated by them on human health and the environment. Some VOCs are checked or cataloged as CMR 

(carcinogenic, mutagenic and/or toxic of reproduction) (Gallego et al., 2013). 

Currently, multiple technologies have been developed for the control of VOCs, among which the adsorption 

in different materials is highlighted, for example: zeolites, carbon nanotubes, and, of course, MOFs, 

(Llewellyn et al., 2014). Metal-organic structures, known as MOFs (metal organic frameworks), are 

coordination networks of metal ions (conglomerates) with organic molecules. Currently, multiple potential 

applications for these materials are being investigated, such as the adsorption and / or storage of carbon 

dioxide, hydrogen and various vapors, polymerization, magnetism, catalysis, the separation of chemical 

products, biomedicine, luminescence, etc. (Khan et al., 2013). 

However, in the use of MOF for the capture of gases and vapors, an adequate pore size is not enough, since 

more specific interactions that control the interaction between the adsorbate and the adsorbent must also be 

considered. In the case of VOCs, it has been shown that the kinetics of diffusion of molecules can be very 

slow in narrow pore materials, and on the other hand, the presence of open metal sites sometimes can be a 

disadvantage for purification of air or gases in the presence of humidity (Barea et al., 2014). 

In the case of hybrid materials based on MOF, these interactions can improve the adsorption, selectivity 

and / or efficiency of adsorption of MOF to certain compounds and their thermal stability. As it is the case 

of the adsorbents in the form of reticulated foam developed by Saini & Pires (2017). These structures 

composed of zeolite and MOF-199, have proved to be more efficient for the elimination of volatile organic 

compounds, particularly in indoor air streams with low concentration. In addition, the combination of both 

materials improved the selectivity of the material for benzene and allowed a greater adsorption than the use 

of each material separately. 

The purpose of this work is to adsorb: Toluene, Xylene, Formaldehyde and a mixture of the three 

compounds respectively, into a hybrid material formed by MOF76-Ce supported on Mexican natural 

zeolite, type clinoptilolite, very abundant in Mexican soil, which is a microporous material with a large 

specific surface and high thermal stability. 

In the first instance, the synthesis process of cerium MOF-76 and the generation of a hybrid material from 

it are presented; as well as, the description of  COV's adsorption and desorption experiments. Subsequently, 

the results obtained are described, both in the characterization phase of materials and in the development 

of the adsorption experiments. At the end the conclusions are presented. 

2. Experimental - 2.1. Synthesis of hybrid material - The synthesis of MOF76-Ce was performed by the 

solvothermal method reported by Ethiraj et al. (2016). Trimesic acid (H3BTC 95%, 0,525 g, 2.5 mmol) was 

dissolved in a mixture of DMF (99.8%, 100 mL) and distilled water (50 mL), stirring for 5 min. Then, 

cerium nitrate (Ce(NO3)
3
·6H2O 99.99%, 2.171 g, 5 mmol) was added, stirring 15 min. The mixture was 

placed in teflon containers and sealed in autoclaves, which were subjected to a temperature of 140 ° C for 

2 hours. 

Subsequently, the hybrid adsorbent was prepared by ultrasound dispersion. The impregnation was carried 

out incorporating 3g of Mexican zeolite type clinotlilolite, previously washed, dried and sieved (#mesh: 
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0.841) to a solution of 0.05g of MOF76-Ce in Ethanol (99.8%, 10 mL), sonicating for 15 min. The hybrid 

material was dried at 50 ° C for 2 h. This process was repeated three times to ensure the incorporation of 

MOF76-Ce to the zeolite. Both materials were characterized by SEM / EDS, FTIR, XRD and TGA. 

2.2. Adsorption experiments - Adsorption tests of 

Xylene, Toluene and Formaldehyde and a mixture of 

the three gases were carried out at room temperature in 

both precursor materials, Mexican natural zeolite type 

clinoptilolite (ZN) and MOF76-Ce (MOFCe), as well as 

the hybrid material (ZMOFCe). All materials were 

treated prior to the adsorption phase. 

The adsorption process was carried out in the 

experimental system described in Image 1. In this 

system, a flow of 40 mL/min of N2 circulates inside a 

saturator that contains the contaminant to be adsorbed 

in the liquid phase, generating a transfer of the 

molecules of the liquid to the gas and directing it 

towards the quartz cell containing the pre-treated 

adsorbent material. The tests were carried out at room 

temperature, during an adsorption time of 10 min for each experiment. 

Subsequently, the gas was desorbed from the sample at a temperature programmed in a TPD analyzer, BEL 

Japan, model BEL CAT. The desorption was carried out by increasing the temperature from 30°C to 350°C 

at a rate of 10°C/min, He was used as a carrier gas at a flow of 30 cm2/min. All materials, before and after 

the adsorption process, were characterized by SEM / EDS, FTIR, XRD and TGA. 

3. Results and Discussion – 3.1 Characterization of 

the materials - The structure and properties of the 

materials were investigated by different techniques 

SEM / EDS, FTIR, XRD and TGA. The analyzes 

carried out confirm the obtaining of MOF76-Ce and its 

subsequent incorporation into natural zeolite. 

In the SEM / EDS analysis of the hybrid material, 

shown in Image 2, it is possible to observe the crystals 

of MOF76-Ce deposited on the surface of the natural 

zeolite, which represents a correct incorporation of the 

material to the surface. This result is observed in the 

same way in the elemental chemical analysis, where 

the presence of cerium is observed, the main 

component of the MOF76-Ce, together with the 

elements that make up the natural zeolite. 

Image 3, shows the results of FTIR for the hybrid 

material, the characteristic bands of the vibrations of 

Ce-O bonds (400 and 700 cm-1), C = C (1550-1630 cm-

1) and C can be appreciated. = O (1450-1580 cm-1) 

belonging to the MOF76-Ce. Likewise, a signal of 

strong intensity, corresponding to vibrations of the Si-

O bond, is observed at 1040 cm-1, in addition to the 

bands at 790 and 470 cm-1 assigned to vibrations of 

stretching and bending of O-Si-O bonds. and a band at 

580 cm-1, assigned to the torsional vibrations of the Al-

O-Si bonds (Montes et al., 2015); characteristic bonds 

of clinoptilolite zeolite. 

  

 
Image 1. Experimental system for adsorption tests 

  

  
     Image 2. SEM Hybrid Material 100X 

  
 

 
       Image 3. FTIR Hybrid Material 
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Through TGA analysis, the decomposition temperature of the MOF76-Ce and the hybrid material was 

determined. The results show the decomposition of both materials around 350 ° C, for this reason the 

desorption of the different compounds in the experiments considers only lower temperatures. 

3.2. Adsorption test - The selected compounds: formaldehyde, xylenes, toluene and a mixture; were each 

adsorbed in the three materials presented: natural Mexican zeolite (ZN), MOF76-Ce (MOFCe) and hybrid 

material (ZMOFCe), in order to determine the adsorption capacity of each and observe the desorption 

temperatures in each pollutant / material ratio. The adsorption strength for the different compounds was 

grouped according to the desorption temperatures presented for each pollutant. 

In Tables I and II, the results corresponding to the adsorption and desorption of formaldehyde, xylene, 

toluene and the mixture of gases in each of the materials are presented. The adsorption strength was 

classified according to the desorption temperature in weak (50-180°C) and strong (180-350°C). 

 

The adsorption and desorption of all the VOCs studied in the Mexican natural zeolite and the hybrid 

material are identified. However, the adsorption 

strength of MOFCe did not allow the desorption of any 

of the contaminants prior to the decomposition of the 

material. 

The increase of the adsorption of the hybrid material 

with respect to the natural zeolite in the case of xylene, 

toluene and the mixture is evidenced, which represents 

the increase of the adsorption capacity after the 

incorporation of the MOFCe, as seen in the image 4 

The difference between the precursor material and the 

hybrid material is more notable for the cases of 

adsorption of toluene and the gas mixture, where the 

adsorption increases by 0.313 mmol toluene / g and 

0.501 mmol mixture / g respectively. In the case of 

formaldehyde, the adsorption is slightly higher in the 

natural zeolite, which represents the low affinity of the hybrid material towards the adsorption of this 

compound. 

Table I. Adsorption strength and total adsorption of formaldehyde and xylenes 
  

Sample 

Adsorption strength  

(mmol formaldehyde/g) Total adsorption 

(mmol 

formaldehyde/g) 

Adsorption strength  

(mmol xylenes/g) Total adsorption 

(mmol xylenes/g) 
Weak Strong Weak Strong 

(50-180°C) (180-350°C) (50-180°C)  (180-350°C) 

ZN 0.094 0.997 1.091 0.362 0.903 1.265 

MOFCe - - - - - - 

ZMOFCe 0.112 0.892 1.004 0.134 1.45 1.584 

 

 Table II. Adsorption strength and total adsorption of toluene and gas mixture 
  

Sample 

Adsorption strength  

(mmol toluene/g) Total adsorption 

(mmol toluene/g) 

Adsorption strength  

(mmol mixture/g) Total adsorption gas 

mixture  

(mmol gas mixture/g) Weak Strong Weak Strong 

(50-180°C)  (180-350°C) (50-180°C)  (180-350°C) 

ZN 0.073 0.48 0.553 0.12 0.227 0.347 

MOFCe - - - - - - 

ZMOFCe 0.16 0.706 0.866 0.069 0.779 0.848 

 

 

  
       Image 4. Total adsorption for sample 
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For all experiments, desorption occurs mostly at temperatures between 180 and 350°C, which indicates 

strong adsorption, which likewise increases markedly in the hybrid material. 

The best adsorption, in both materials, occurs towards xylene, with a total adsorption of 1.26 mmol of 

xylene/g of zeolite and 1.58 mmol of xylene/g of hybrid material. 

The results of FTIR and SEM / EDS of the hybrid material, after the adsorption study, show that the material 

preserves the same structure, morphology and elemental composition, unlike the MOF, whose characteristic 

bands are diminished in the FTIR. 

In Image 5, by way of example, the results obtained by 

FTIR are presented for the adsorption of toluene with 

the hybrid material in the three stages of 

experimentation. For the sample ZMOFCe-A, material 

hybrid with toluene adsorbed, the characteristic bands 

of toluene are identified, such as the band around 3000 

cm-1, corresponding to the bond = CH, and the band 

between 1605 and 1496 cm-1, characteristics of the C = 

C bond and the vibration of the aromatic ring. Likewise, 

combination bands are identified, between 2000 and 

2300 cm-1, characteristics of monosubstituted benzene 

compounds. 

The material subsequent to the desorption process 

ZMOFCe-R, does not present notable changes with 

respect to the initial material ZMOFCe, which indicates 

the conservation of its structural characteristics.  

4. Conclusions – The hybrid material studied in this work turned out to be a good adsorbent for all the 

pollutants studied: Formaldehyde, Toluene and Xylene (VOC's) both individually as mixture at room 

temperature. The MOF being supported on the natural zeolite formed a more thermally stable hybrid 

material, preventing the deterioration of its structure, and with the possibility of regenerate it or mainly 

used it as a catalyst for the complete elimination of VOC’s through catalytic oxidation. 
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       Image 5. FTIR ZMOFCe before adsorction (ZMOFCe), ZMOFCe 

with toluene adsorbed (ZMOFCe A) and ZMOFCe after TPD  

(ZMOFCe R). 
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