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Abstract
The increasing demand for metals in various industries has led to a surge in their production, resulting in a 

significant rise in metal-containing wastewater. The conventional methods for metal recovery from wastewater have 
often been associated with environmental concerns and inefficiencies. This article explores a novel approach, the 
Hybrid Cyanidation and Elevated Barrier Technique (HC-EBT), which shows promising potential for efficient metal 
recovery from industrial wastewaters. The Hybrid Cyanidation Technique integrates the proven efficiency of cyanide-
based processes with modifications suitable for treating diverse metal-containing wastewaters. By forming soluble 
metal-cyanide complexes, metals are efficiently separated from the wastewater for subsequent recovery. The Elevated 
Barrier Technique involves the use of nanostructured materials as selective filters to capture metal-cyanide complexes 
while allowing clean water to pass through. This technique maximizes metal adsorption capacity, ensuring high recovery 
rates. The HC-EBT offers several advantages, including enhanced metal recovery, reduced environmental impact, 
versatility across industries, and cost-effectiveness. Nevertheless, challenges remain, such as the development of 
efficient nanostructured materials and process optimization for various wastewaters.
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Introduction
The disposal of metal-laden wastewater poses a severe 

environmental threat, as it can lead to water contamination, soil 
degradation, and ecosystem disruption. Conventional wastewater 
treatment processes are inadequate in dealing with metal removal, and 
their high operational costs make them unsustainable. The HC-EBT 
offers an innovative solution that combines two distinct methods to 
maximize metal recovery and minimize environmental impact.

Hybrid cyanidation technique

Cyanide-based processes have been used for decades in gold 
mining and metallurgical industries due to their high metal extraction 
efficiency. The HC-EBT incorporates the cyanidation process with a 
modified approach suitable for treating various metal-containing 
wastewaters. This technique relies on the complexation of metals with 
cyanide, forming soluble metal-cyanide complexes that can be easily 
separated from the wastewater.

Elevated barrier technique

The Elevated Barrier Technique involves the creation of an elevated 
barrier using nanostructured materials. These materials act as selective 
filters to trap the metal-cyanide complexes, allowing clean water to pass 
through while capturing the valuable metals for subsequent recovery. 
The unique properties of the nanostructured materials provide an 
excellent adsorption capacity for various metals, ensuring high metal 
recovery rates [1].

Advantages of HC-EBT

Enhanced metal recovery: The HC-EBT synergistically combines 
the efficiency of cyanidation with the selective adsorption capabilities 
of nanostructured materials, leading to improved metal recovery rates 
compared to traditional methods.

Reduced environmental impact: The method minimizes the 
release of toxic metal ions into the environment, preventing water 
pollution and preserving ecosystem health.

Versatility: The HC-EBT can be adapted for different types 
of metal-containing wastewaters, making it applicable to various 
industries such as mining, electroplating, and metal finishing [2].

Cost-effectiveness: The use of nanostructured materials in the 
Elevated Barrier Technique significantly reduces the operational costs 
associated with metal recovery, making it a viable and sustainable 
option for industries.

Challenges and future directions

While the Hybrid Cyanidation and Elevated Barrier Technique 
show great promise, some challenges need to be addressed for its 
widespread adoption. These challenges include the development 
of efficient and cost-effective nanostructured materials, process 
optimization for different types of wastewaters, and ensuring long-
term stability and reusability of the materials.

Further research should focus on tailoring the HC-EBT to specific 
metal-containing wastewaters and optimizing the recovery process 
for maximum efficiency. Additionally, continuous efforts to minimize 
environmental impacts and address safety concerns associated with 
cyanide-based processes are necessary. The Hybrid Cyanidation 
and Elevated Barrier Technique present a compelling solution for 
the recovery of metals from industrial wastewaters. This innovative 
approach combines the efficiency of cyanidation with the selective 
adsorption properties of nanostructured materials [3], offering an 
environmentally friendly, cost-effective, and versatile method for metal 
recovery. By implementing this technique, industries can significantly 
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reduce their environmental footprint while simultaneously retrieving 
valuable metals for reuse, contributing to a more sustainable and 
responsible future.

Method
Wastewater characterization

Characterize the metal-containing wastewater to determine its 
composition, metal concentration, pH, and other relevant parameters. 
This analysis will guide the selection of cyanide concentration and 
the appropriate nanostructured materials for the Elevated Barrier 
Technique.

Cyanidation process

a. Prepare cyanide solution: Prepare a cyanide solution with the 
appropriate concentration based on the metal type and concentration 
in the wastewater. Ensure adherence to safety protocols when handling 
cyanide.

b. Mixing and reaction: Introduce the cyanide solution into the 
wastewater and mix thoroughly to facilitate the formation of soluble 
metal-cyanide complexes. The cyanidation reaction will result in the 
formation of metal-cyanide species, increasing metal solubility [4].

Elevated barrier technique

a. Selection of nanostructured materials: Choose appropriate 
nanostructured materials based on their selectivity for metal-cyanide 
complexes. Commonly used materials include activated carbon, 
zeolites, metal-organic frameworks (MOFs), or modified clays. The 
materials should have a high surface area and affinity for metal ions.

b. Preparation of elevated barrier: Create an elevated barrier, such 
as a fixed bed, packed column, or a membrane, filled with the selected 
nanostructured materials. Optimize the barrier design to maximize 
metal adsorption and minimize pressure drop.

c. Passage of wastewater through elevated barrier: Direct the 
cyanidation-treated wastewater through the elevated barrier. The 
nanostructured materials will selectively adsorb metal-cyanide 
complexes, capturing the valuable metals while allowing clean water 
to pass through [5].

Metal recovery

a. Desorption: After the wastewater passes through the elevated 
barrier, desorb the metal-cyanide complexes from the nanostructured 
materials. This can be achieved through chemical elution or 
regeneration of the materials, releasing the metals for recovery.

b. Metal precipitation or electro winning: Precipitate the metal 
from the eluate using an appropriate chemical precipitation process. 
Alternatively, electro winning can be employed to deposit the metal 
ions onto an electrode for subsequent recovery.

Residue treatment

Dispose of the remaining solid residue, which might contain 
cyanide complexes that have not been adsorbed during the process [6], 
according to local regulations and environmental standards. Proper 
treatment or disposal is crucial to prevent potential environmental 
hazards.

Process optimization and monitoring

Continuously monitor and optimize the HC-EBT process to ensure 
maximum metal recovery efficiency and minimal environmental 

impact. Adjust parameters such as cyanide concentration, contact 
time, flow rates, and nanostructured material properties as needed.

The Hybrid Cyanidation and Elevated Barrier Technique provide 
a comprehensive approach to recover metals from wastewaters 
effectively and responsibly. However, it is essential to follow all safety 
guidelines and environmental regulations during the implementation 
of this method to safeguard the environment and human health.

Result 
Enhanced metal recovery efficiency: The HC-EBT is expected 

to show improved metal recovery efficiency compared to traditional 
methods. By combining the cyanidation process's effectiveness in 
forming metal-cyanide complexes with the high adsorption capacity 
of nanostructured materials, a higher percentage of metal ions can be 
captured and subsequently recovered [7].

Selective metal recovery: The use of nanostructured materials as 
an elevated barrier enables selective metal recovery. These materials 
can be tailored to adsorb specific metal-cyanide complexes, allowing 
for targeted extraction of valuable metals from the wastewaters.

Reduced environmental impact: The HC-EBT is designed 
to minimize the release of toxic metal ions into the environment, 
addressing environmental concerns associated with metal-
contaminated wastewaters. This method could help prevent water 
pollution and protect ecosystems [8].

Versatility and applicability: The HC-EBT's adaptability to 
different types of metal-containing wastewaters makes it applicable 
across various industries, including mining, metallurgy, electroplating, 
and others.

Cost-effectiveness: The use of nanostructured materials in the 
Elevated Barrier Technique could contribute to cost savings in the 
long run. Although nanostructured materials may have higher initial 
costs, their potential for regeneration and reuse could offset expenses 
associated with traditional disposal methods.

It is important to note that actual results may vary based on specific 
parameters, such as the type of metals present in the wastewater, their 
concentrations, the selection of nanostructured materials, and the 
optimization of process parameters. Additionally, safety considerations 
must be taken into account when handling cyanide and other chemicals 
during the recovery process.

Discussion
Advantages of HC-EBT

a. Enhanced metal recovery efficiency: By combining the 
cyanidation process with selective adsorption using nanostructured 
materials, the HC-EBT can achieve higher metal recovery rates 
compared to traditional methods. The cyanidation process efficiently 
forms metal-cyanide complexes, and the elevated barrier ensures 
efficient metal capture.

b. Selective metal recovery: Nanostructured materials used in the 
elevated barrier can be tailored for specific metal-cyanide complexes. 
This selective recovery allows targeted extraction of valuable metals 
while leaving other contaminants in the wastewater, reducing the need 
for extensive post-treatment.

c. Reduced environmental impact: The HC-EBT minimizes the 
release of toxic metal ions into the environment. Cyanide, when used 
responsibly [9], can be efficiently recycled and reused, mitigating its 
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environmental impact. Additionally, the selective adsorption of metals 
by nanostructured materials prevents metal pollution of water bodies 
and ecosystems.

d. Versatility and applicability: The HC-EBT's adaptability to 
various metal-containing wastewaters makes it suitable for multiple 
industries, from mining to electroplating and beyond. Its versatility 
allows customization for specific types of wastewater and metal 
compositions.

e. Cost-effectiveness: While nanostructured materials may have 
higher initial costs, their potential for regeneration and reuse can lead 
to cost savings in the long run. Moreover, the increased metal recovery 
efficiency reduces the need for additional treatment steps, further 
contributing to cost-effectiveness.

Potential drawbacks and challenges

a. Safety concerns: The use of cyanide in the cyanidation process 
requires strict safety measures to prevent any accidental release or 
exposure. Proper handling, storage, and disposal protocols are essential 
to ensure worker safety and minimize environmental risks.

b. Nanostructured material performance: The efficiency of the 
elevated barrier heavily relies on the adsorption capacity and stability 
of the selected nanostructured materials. Research and development 
efforts are needed to optimize these materials for specific metal-cyanide 
complexes.

c. Process optimization: The HC-EBT is a relatively new technique, 
and process optimization is ongoing to maximize its performance. 
Adjusting parameters like cyanide concentration, contact time, 
and flow rates can influence metal recovery rates and the overall 
effectiveness of the method.

d. Environmental concerns with cyanide: Although cyanide 
is an effective complexing agent for metal recovery, its use raises 
environmental concerns due to its toxicity. Responsible management, 
recycling, and proper disposal are essential to mitigate environmental 
risks associated with cyanide [10].

Future prospects

The Hybrid Cyanidation and Elevated Barrier Technique holds 
great promise for sustainable metal recovery from wastewaters. As 
research progresses, further advancements are expected to address the 
challenges mentioned above:

a. Improved nanostructured materials: Ongoing research aims to 
develop more efficient and cost-effective nanostructured materials with 
enhanced adsorption capacities and stability, ensuring optimal metal 
recovery rates.

b. Process optimization and scale-up: Continued optimization 
and scale-up efforts will refine the HC-EBT, making it more accessible 
for industrial implementation and improving its overall efficiency and 
effectiveness.

c. Environmental regulations and safety standards: Stricter 
regulations and safety standards for cyanide use will promote 
responsible practices and minimize potential environmental and 
health hazards.

Conclusion
The Hybrid Cyanidation and Elevated Barrier Technique (HC-EBT) 

presents a promising and innovative approach for the recovery of metals 
from wastewaters. By integrating the efficiency of cyanidation with the 
selective adsorption properties of nanostructured materials, the HC-
EBT offers several significant advantages and holds great potential for 
addressing the challenges associated with conventional metal recovery 
methods. The advantages of the HC-EBT include enhanced metal 
recovery efficiency, selective metal recovery, reduced environmental 
impact, versatility across industries, and potential cost-effectiveness. 
The combination of cyanidation and nanostructured materials allows 
for higher metal recovery rates while minimizing the release of toxic 
metal ions into the environment. The selective adsorption capability 
of nanostructured materials enables targeted extraction of valuable 
metals, contributing to more efficient and sustainable metal recovery 
processes. However, the HC-EBT is not without challenges. Proper 
safety measures and environmental regulations are essential due to the 
use of cyanide, which poses potential risks if mishandled. Moreover, 
the performance and stability of nanostructured materials need to 
be further optimized and researched to ensure long-term efficiency 
and cost-effectiveness. Looking to the future, ongoing research and 
development efforts are expected to address these challenges, leading 
to improved nanostructured materials and process optimization. 
As the HC-EBT continues to evolve, it has the potential to become a 
mainstream method for recovering metals from wastewaters in various 
industries.
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