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Abstract: The removal of hazardous wastes produced in 

industries and other harmful pollutants released into the 

environment has become an important issue from an 

environmental stand point. Efficient tools to remove such 

hazardous toxins from the environment are Metal-Organic 

Frameworks. Metal–Organic Frameworks or MOFs are 

compounds consisting of metal ions or clusters coordinated to 

rigid organic molecules. Formally MOFs are a coordinated 

network consisting of central metal atom and rigid organic 

molecules as ligands usually bi-dentate carboxylic acids and 

tri-dentate carboxylic acids. They are constructed from 

bridging organic ligands that remain intact throughout the 

synthesis.  MOFs are synthesized primarily by hydrothermal 

or solvo-thermal techniques where crystals are slowly grown 

from a hot solution. Metal–Organic Frameworks use 

adsorption as the main principle via which they remove these 

harmful entities. Adsorptive removal is based on the ability of 

a porous substance to selectively adsorb a specific compound 

from a mixture. The process of adsorption is superior over 

other techniques of decontaminating due to its low cost, large 

scope of applications, simple design and its relatively easy 

operation. This paper highlights mechanism and application of 

Metal-Organic Frameworks by Adsorptive Removal of 

Hazardous Waste Materials. 
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I. INTRODUCTION 

 

MOFs consists of two major components the central metal 

atom and the organic molecule as the ligand. It is a 

coordinated network consisting of metal ions or clusters 

coordinated to rigid organic molecule to 1, 2, or 3 

dimensional structures. the materials are often referred to as 

hybrid organic-inorganic materials the organic units are 

typically tetravalent ligands [1]. The choice of metal and 

linker dictates the structure and hence properties of the 

MOF. For example, the metal's coordination preference 

influences the size and shape of pores by dictating how 

many ligands can bind to the metal and in which orientation. 

Moreover, MOFs were further extended such as IRMOFs 

(Isoreticular MOFs), MMOFs (micro porous MOFs), and 

PCPs (porous coordination polymers). 

  

There are many reasons why MOFs are preferred over other 

adsorbents such as zeolites and activated carbon. Zeolite-

related inorganic hybrid materials need an organic or 

inorganic template to form; great sensitivity of zeolites to 

deactivation by irreversible adsorption or steric blockage of 

heavy secondary products and the impossibility of using 

their micro porosity for the synthesis of bulky molecules. 

The disadvantages of using activated carbon are that they 

are Unable to remove highly soluble organics, or those with 

low molecular weights. Systems cannot tolerate suspended 

solids in the influent stream (due to clogging).High 

operating costs due to carbon costs system requirements. 

Disposal of contaminated carbon can be problematic if it is 

not regenerated. in the case of MOFs, the solvent is the main 

templating molecule [2]. Another important feature is that 

most of the metal cations can participate in MOF formation 

compared with inorganic materials which are based on a few 

cations such as Si, Al, and P. 

 

Figure 1. Widely used porous sorbents: (a) activated carbon, (b) HY (FAU) 

zeolite, (c) MCM-41 and (d) MIL-101 (Cr). 

A.  Adsorption Mechanism  

Adsorption is considered to be a superior technique for 

removal of toxic wastes due to its comparatively low costs 

wide range of applications design simplicity easy operations 

and production of little or no toxic products. Adsorption is 

defined as the accumulation of molecular species at the 

surface rather than in the bulk of a solid or liquid. It is a 

surface phenomenon. Based on the nature of interaction 

between adsorbate and a porous sorbet or adsorbent, it can 

be classified as a physical or chemical adsorption [3].There 

are various porous adsorbent available such as activated 

carbons, zeolites, mesoporous materials and MOFs [4-6] 

that are being studied for their possible use in removal of 

hazardous waste material. The adsorbate material can be 

easily regenerated by calcination or sonication. 

Regeneration of the spent adsorbent is carried out, usually 

with chemical treatment. 

B. Synthesis of  MOFs  

MOFs are produced almost exclusively by hydrothermal or 

solvothermal techniques, where crystals are slowly grown 

from a hot solution. In contrast with zeolites, MOFs are 

constructed from bridging organic ligands that remain intact 

throughout the synthesis [7]. Zeolite synthesis often makes 

use of a "template". Templates are ions that influence the 

structure of the growing inorganic framework. Typical 

templating ions are quaternary ammonium cations, which 
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are removed later. In MOFs, the framework is templated by 

the SBU (secondary building unit) and the organic 

ligands.[8,9] A templating approach that is useful for MOFs 

intended for gas storage is the use of metal-binding solvents 

such as N,N-diethyl formamide and water. In these cases, 

metal sites are exposed when the solvent is evacuated, 

allowing hydrogen to bind at these sites [10]. 

C.  Common Hazardous materials 

The new age demands new technology and to produce these 

new technology industries go into overdrive. Pollutants are 

of two types pollutants produced by industrial activities and 

anthropogenic pollutants that is, pollutants produced within 

the environment itself. The major pollutants present in the 

atmosphere and water bodies are sulfur containing 

compounds (SCCs), nitrogen containing compounds, 

pharmaceutical and personal care products and dyes. 

Combustion of liquid fuels and fossil fuels leads to the 

production of NOx, SOx, CO2, VOCs,H2S, NH3, and other 

hydro-carbons . Another major source of environmental 

pollutants is organic compounds that are naturally occurring 

species present in fossil fuels and crude oils. More than 90% 

of the world’s energy supply is met by burning of fossil 

fuels. The pollutants released on burning are major source of 

toxic emissions accounting for greenhouse effect global 

warming acid rains. 

II. ADSORPTIVE REMOVALS OF SCCS AND NCCS 

FROM FUEL 

Sulphur and nitrogen containing compounds are the major 

contaminants present in petroleum refining and fuels. 

Removal of these compounds before commercialization is 

of extreme importance due to environmental protection and 

catalytic poisoning issues. 

A.  Effective removal of refractory organo-sulfur compound 

present in liquid fuels. 

Removal of sulphur from fuels is of environmental concern 

because on combustion it is converted to SOx, which leads 

to acid rain resulting in ill effects on human health and on 

the environment plus catalytic poisoning of converters for 

exhaust emission treatment. 

There are many conventional methods for the removal of 

sulphur that includes hydrodesulphurization [11], that 

efficiently eliminates nonaromatic sulphur compounds 

anddd thiophenes, but is less effective by more sterically 

hindered benzothiophene(BT), dibenzothiophene (DBT) 

fuel contaminants having limitations in terms of product 

quality and cost, which are undesirable to refiners. 

The adsorption of S-compounds has attracted much 

attention due to various advantages like mild operation 

conditions (temperatures close to ambient, atmospheric 

pressure) and no need of hydrogen or oxygen. 

Other porous materials that can be used to adsorb selectively 

organo sulfur compounds includes metal-organic 

frameworks [12]. MOF compounds consist of metal clusters 

linked by poly functional organic linkers yielding porous 

three dimensional networks with large pore volumes and 

high inner surface areas. Their large pores and high inner 

surface areas offer a wide range of applications in gas 

storage, separation, sensing and catalysis. Due to their 

hybrid nature and modularity of organic and inorganic 

building units, rational designs of the function of the porous 

material are possible [13]. 

In the experiment performed by G. Blanco-Brieva 

Commercial Basolite F300 (C9H3FeO6), Basolite A100 (Al 

(OH)(C8H4O4)) and Basolite C300 (Cu3(C9H3O6)2) 

metal–organic frameworks were degassed under vacuum at 

423K in order to remove water and other contaminants. The 

adsorption properties of the three MOFs (F300, A100 and 

C300) systems were compared with that of a widely 

investigated adsorbent such as Y-type zeolite [14]. 

 

 

It is evident from the above graph that the extent of DBT 

adsorption is much higher on metal organic frameworks 

than on the Y type zeolite. Another inference is that C300 

and A100 display substantially higher adsorption capacity 

than the parent F300 MOF system. 

Nitrogen adsorption- desorption isotherms were recorded 

with the aim to determine their textural properties to 

understand the differences in the performance between the 

three MOF. The values of specific BET area, pore size and 

pore volume for the three MOFs systems( C300, A100 and 

F300) show that C300 show the largest Bet area value and 

decreases for F300 onwards. 

Considering that S-atom interacts on the surface cations 

through both S-M(M=Cu, Al and Fe) bonding and π-
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complexation[16], it may be suggested that such interactions 

are stronger on Cu
2+

 than on Fe
3+ 

 and even more on Al
3+ 

ions. The much lower Al
3+ 

site population in Y-zeolite thn in 

A100 system may account for the lower DBT adsorption in 

Y-zeolite. 

B.  Conclusion 

 The feasibility of using metal–organic frameworks (C300, 

A100 and F300) has been demonstrated for the liquid-phase 

adsorption of organo-sulfur compounds at temperatures 

close to ambient which has proven to be an efficient 

alternative to the conventional hydrodesulphurization 

process. 

The higher adsorption capacity of DBT observed on C300, 

can be explained in terms of the stronger interaction of S-

atom of DBT with surface Cu2+ ions; this interaction is 

weaker for Fe3+ and even more weaker for Al3+ ions. Pore 

size is another textural parameter to be considered 

particularly when large organo-sulfur molecules are 

considered. 

The extent of dibenzothiophene (DBT) adsorption at 

temperatures close to ambient (304 K) is about eight times 

higher on C300 system than on the benchmarked Y-type 

zeolite and activated carbons. The very high adsorption 

capacity of this substrate makes it a potential candidate to be 

employed in the removal of remaining refractory S-

compounds in previously desulfurized liquid fuels. 

III. OVERALL SUMMARY 

Adsorption plays a significant role in removing hazardous 

materials both from liquid and gas phases; therefore, it has 

attracted considerable attention. As a class of recently 

developed porous materials, MOFs have already shown 

huge potential applications in gas/vapor and liquid phase 

adsorption/removal of hazardous materials such as SCCs, 

NCCs, dyes, PPCPs, phenolics, SOx, NOx, VOCs and so 

on. 

MOFs are superior to other porous sorbents in adsorptive 

removal of various toxic components because of their high 

surface area, various pore geometries, facile 

functionalization, and tunable porosities. The variety of 

central metals in the framework of MOFs has led to a new 

strategy towards adsorption of various hazardous 

compounds like SCCs, NCCs, CO2, SO2 and so on through 

specific interactions. MOFs have been used successfully to 

bind (or coordinate) variosus polarizable toxic compounds 

like SCCs, NCCs, CO2, CO, H2S, NH3 and SO2. Acid-base 

properties of MOFs showed a dominant role in the 

adsorption of hazardous contaminants having opposite 

acidic-basic properties. 
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