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Abstract 

Green chemical engineering perceives the concept of developing innovative 

environmental benign technologies and improving the resource intensity. In order to 

explore this concept for minimizing the industrial waste and for reducing the 

environmental impact of hazardous chemicals, efforts have been made in present 

study to look for green approach to extract metals from spent catalyst which contain 

substantial quantity of heavy metals and may affect the ecosystem.  

The present study explores the concept of chelation technology to develop an 

ecofriendly process for extraction of heavy metals from spent catalyst obtained from 

refinery and fertilizer industry. Ethylenediaminetetraacetic acid (EDTA) was 

employed for extraction of nickel (Ni) from spent catalyst. A biodegradable chelating 

agent [S,S]-ethylenediaminedisuccinic acid (EDDS) was also looked into as an 

environmental benign substitute of EDTA under atmospheric reflux and autogenous 

reaction conditions. Transport of metal−chelate complex and dissolution of target 

metals in aqueous medium were investigated by varying different process 

parameters (molar ratio of chelating agent to metal (MR), solid to liquid ratio (S/L), 

reaction time, reaction temperature, pH, stirring speed, particle size). Milder reaction 

conditions and high extraction efficiency, in addition to the added advantage of 

biodegradability makes EDDS competitive for sustainable technology development.  

Simultaneous extraction of heavy metals from multimetallic spent catalysts using 

chelation technology was performed first time in the present study. Possibility of 

internal and external mass transfer resistance was investigated to improve the 

diffusion rate of reactants, while kinetic aspects were studied to achieve 

thermodynamic equilibrium for the process. Extraction of 80.4% Co and 84.9% Mo 

was achieved at optimum reaction conditions. Efforts were also made to recycle the 
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recovered metals (Ni, Co, Mo) for the preparation of new fresh catalyst. Structural 

analysis of spent catalyst, recovered support material, and synthesized catalyst from 

extracted metals suggested successful recovery and recycling of metals. An 

innovative combination of chelation-dechelation concept was commenced to recover 

chelating agent and 98% chelating agent was precipitated. It was recycled upto four 

cycles with significant extraction efficiency (72.7% Co and 76.5% Mo) which 

manifests the ecology and economic sustainability of the process.  

In parallel with the experimental investigations, analysis of structural and 

thermodynamics properties of metal–ligand complexes using density functional 

theory provided an insight into mechanism of chelation process. Theoretical 

prediction of stability constants of various metal-ligand complexes was performed to 

estimate the degradation behaviour of ligands. Degradation pathways were deduced 

to examine the environmental impact of the proposed approach.  

Applicability of response surface methodology (RSM) was explored in order to 

provide elaborated quality of information and to overcome the limitations of OVAT. A 

Box-Behnken design (BBD) was coupled with RSM to optimize the process 

parameters using statistical analysis. It turned out that metal extraction depends 

predominantly on MR, S/L and reaction time.  

A theoretical generalized framework was also proposed for metal extraction process 

using chelation technology. Shrinking core model was employed to evaluate the 

controlling mechanism for the process under consideration. Different kinetic models 

were analyzed to choose the optimum one regarding their accuracy of fitting the 

experimental data obtained at different operating conditions for metal extraction 

process. Theoretical design of a pilot plant for processing of 1 tonne spent catalyst 

using chelation technology was also proposed.  
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