
16th LACCEI International Multi-Conference for Engineering, Education, and Technology: “Innovation in Education and 

Inclusion”, 19-21 July 2018, Lima, Peru. 1 

DISSOCIATION OF CARBON LINKS BY 

MICROWAVE PLASMATIC ENERGY AND 

POWER FOR WASTE TRANSFORMATION 
Fernando Valencia Amador, Ms.1, Jaime Luyo Kuong, Phd.2, Walter Estrada López, Phd3 

1Universidad Nacional de Ingeniería, Peru, fvalencia@uni.pe, jeluyo@yahoo.es, westrada@uni.edu.pe 

Abstract– Herein, we analyzed the molecular dissociation of 

carbon links using plasma radiation energy. This is a destructive 

method that is employed for the disposal of organic waste, 

particularly those species that have carbon bonds with a toxic nature 

and negative environmental impact. We evaluated the physical and 

chemical conditions to break the carbon links and foster molecular 

interactions into a process that results in either useful products or 

harmless substances that are disposable. We proposed a novel 

technique to quantitatively evaluate the reduction in the quantity of 

carbon bonds in a sample by direct radiation without plasma thermal 

action. This makes it possible to generate gasification mechanisms 

that could produce harmless gaseous products in an energy 

transformation process. Plasma radiation energy production is based 

on the interaction between microwave radiation passing through 

absorbing antennas. At high temperatures, a thermal activity occurs 

during this interaction, with the absorbing antennas acting as 

electromagnetic sinks and an action–reaction process generating 

plasma energy that is released to the surroundings as a thermal dart 

and radiation. Liquid samples under assay was exposed by using 

plasma radiation component of this source only; passing the sample 

through a filter simultaneously, in which we introduce the concept 

of mechanical disaggregating system. This system acts as a digester 

by transforming carbon molecules and other substances into less 

polluting compounds. We used a mixture of cyanide dissolved in 

water as an assay sample, coming from a mine waters, which was 

subjected to the plasma radiant component and studied this energy 

generated acting over the purification and transformation of samples. 

Keywords-- Energy Plasma, Plasma molecular dissociation, 

Mechanical disaggregating system, Plasma reactor, Cyanide 

decomposition 

I.  INTRODUCTION 

The damage caused by pollution, particularly from the 

urban industry and the mining sector, are of considerable 

concern today, indicating the need to prevent or remediate the 

damage [1, 2]. Water contamination and solid waste are the 

main agents of environmental pollution, and waste production 

in major cities has been found to reach millions of tons per year 

[3–5]. Landfilling is the main waste disposal method; however, 

at present, there are no more suitable places for landfilling [6–

8]. One possible method to address this issue is to transform 

potentially harmful waste products into harmless materials that 

can be used again. This alternative is extremely important when 

the method can produce an energy benefit from the waste.  

    One promising alternative is plasma gasification, a high-

temperature thermal process in which waste is decomposed into 

fundamental elements and simple compounds in an anaerobic 

environment. The waste’s organic components are converted 

into high-quality syngas, which can be transformed into fuel 

using chemical techniques [9]. Our research is motivated by this 

idea and aimed at demonstrating the concept by producing 

thermal energy to use its intrinsic radiation in a microwave-

generated plasma reactor [10], proving our thesis that plasma 

radiation in suitable release conditions of the compounds in a 

sample, could destroy bonds of its components easily. This 

allows us to develop a promising technique that transforms 

waste products into useful ones and contribute toward reducing 

environmental contamination [11]. This process is based on the 

interaction between radiation generated by the plasma source 

and products that are energetically released from the target 

sample [12]. In general, identifying energy levels for the 

materials to be treated is required to transform and recombine 

them at molecular levels [13]. The aggregation and dissociation 

energies should be considered in this process in the reactor [14, 

15]. 

A. Oxidation of free cyanide with UV irradiation 

The energy required to disaggregate material molecules is 

much lower than that required to break molecular bonds [15]. It 

is well known that adding suitable complements to components 

that are organic species allows the formation of fuel species 

(Figure 1) [16]. The same system is also suitable for reducing 

the amount of contaminants in polluted atmosphere media; thus, 

both energy production and atmosphere cleaning can occur 

simultaneously through disaggregation, dissociation, and re-

conformation. 

We can illustrate this using an example requiring chemical re-

conformation. Cyanide (CNˉ) is widely used in metal ore 

processing, gold mining, and chemical and petrochemical 

industries [17, 18]. Many methods for eliminating CNˉ from 

water have been tested; however, many of them were not able 

to reduce the CNˉ concentration to less than 1 ppm, which is 

required by ecological regulations in most countries. One of the 

most commonly employed techniques for oxidizing CNˉ is the 

ultraviolet (UV)/H2O2 method, which is based on 

photocatalysis using UV lamps. The current techniques use 

narrow spectral band lamps, and we are interested in comparing 

these techniques with plasma irradiation [19]. 
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According to the following equation, combining H2O2 and UV 

light produces hydroxyl radicals: 

                                        H2O2 
ℎ𝑣
→  2H𝑂•                                 (1) 

 Hydroxyls are a free radicals and active oxidizing agents 

(E0 = 2.8 V), and according to the following equation, hydroxyl 

oxidizes CNˉ: 

                           CNˉ + 2H𝑂•→   CNOˉ + H2O                      (2) 
 

 The oxidation of a metal CNˉ complex is expressed in the 

following equations: 

              Me(CNx)y  
ℎ𝑣
→  Me(CN)xy*                         (3) 

  

      Me(𝐶𝑁)𝑥
𝑦−∗  + H2O2 → x CNOˉ + Me(OH)z            (4) 

 

This method shows the reaction that occurs during water 

detoxification when a UV lamp—usually at a wavelength of 

470 nm—is used. This process is slow and incomplete when the 

H2O2 concentration is insufficient and a water stream is present; 

therefore, this technique requires a complementary reactive 

process to achieve its objective [17, 19, 20].  

 

When these reactions are complemented by electrolysis, 

this process obtains CO2 and NH4
+, otherwise when oxidation 

is followed, it reacts to nitrogen and CO2. Herein, based on a 

plasma reactor model, we present an alternative method that can 

transform toxic waste materials into harmless materials and 

produce useful energy at the same time. 
 

B. Process in the reactor 

Figure 1 shows a schematic of the proposed plasma reactor 

model. The final product of the process does not itself become 

a combustible material. Instead, it will simply be a process of 

transformation of a raw material in the reactor. Obtaining both 

transformed waste and combustible products requires energy 

from an external source at the beginning. The strategy in this 

case involves quantifying the raw material’s aggregation energy 

and comparing against the dissociation energy of the 

fundamentals parts [21] and, of course, combine the correct 

primary raw material. Recombining the dissociated products 

generates both treated waste and a combustible material, and in 

principle, one could have a reactor that supplies its own energy 

[16]. 

  

 

 

 

 

 

1.  

 

 

 

Fig. 1 This scheme shows the sequence for transforming raw materials into 

treated waste and fuel products when there are carbon species. A, B, D are the 

raw materials and C is the carbon bond species. The A–C fuel product is 

exposed to O2. Generally, A represents a hydrogen component. 

In other words, why spend high-quality plasma energy in 

disaggregating molecules joined by weak attraction forces? if 

our main and hardest purpose is to dissociate strong molecular 

bonds to reconfigure the products and, in this way, obtain 

elements really required in the formation of fuels. In practice, 

weak bonding forces for disaggregating molecules could be 

break with very low temperatures compared with the energy 

and temperature required to break strong forces for dissociating, 

which are present in chemical bondings of the compounds as is 

showed in Fig 1.  

 

Knowledge about the transformation mechanism and the 

energy each stage requires enables us to the design of a 

procedure that breaks the bonds between molecules and 

determine the need for less power to optimize energy resources 

and achieve reactor ignition until the reactor reaches self-

sustenance [22].  

 

A plasma reaction chamber powered by microwaves has a 

plasma torch, with a thermal capacity that can reach 

temperatures ranging from 3000 °C to 20,000 °C [23, 24]. In 

our case, we used electromagnetic radiation generated by a 

plasma source reaching around 6000 °C confined in a thermally 

reduced space produced by microwave [10]. This radiation can 

be represented by the black-body radiation or Planck spectrum 

at 6000 °C. Because the radiant spectrum has a greater 

interaction distance than the thermal dart, we required a 

sequence of experiments to solely measure the indirect 

processing power produced by thermal radiation and its effects 

on the raw material. 

 

In general, plasma gasification of waste materials is 

conducted by directly applying the plasma torch to the sample 

[25]; however, despite the enormous amount of energy 

concentrated in a small thermal dart, the chemical 

transformation and molecular dissociation of waste occur inside 

the reactor chamber due to various plasma energy features, 

including darts, accelerated electrons, and black-body radiation 

alone and in combination of them. These features interact with 

raw materials with a disaggregation energy lower than the 

dissociation energy and without previous processing, and it 

could be transformed into gas easily if it is already efficiently 

disaggregated.  

 

Some efforts have also been made to improve and reduce 

the active energy by disaggregating and dissociating raw 

materials into hydrogen through the electrolysis of water using 

TiO2 electrodes. These efforts have been reported in various 

papers [26–28]. 

II. EXPERIMENTAL 

A. System setup 

The experimental system basically covers the following: 

Figure 2 shows a schematic of the reactor system, which 

includes a microwave plasma generator device, a plasma hybrid 
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filter collector with a perfusion wall which permit to run down 

a tiny film of water close to the plasma dart, and a sample inlet 

CNˉ dissolved in water, which was obtained from both the head 

and tail of a gold treatment plant, flows through the water 

feeder. 

 

It must be considered that this configuration of the 

experiment avoids the direct contact of the thermal flame of the 

plasma with the sample, making the work of breaking bonds be 

achieved by the radiant energy of the plasma. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Device that allows the water to be disaggregated into droplets, which 

form a small film that runs off the inner surface next to the plasma dart. The 

flame does not touch the small water film. 

 

• Microwave plasma generator device. (1 kW) 

• Plasma hybrid filter collector with perfusion wall. 

• Sample: Cyanide dissolution obtained from both head and 

tail of a gold treatment plant.  

 

B. Experimental procedure 

 

To estimate the radiant energy levels, we designed an 

experiment to measure the plasma thermal radiation’s 

dissociation capacity, considering only the plasma dart’s 

radiant emission on the sample and not the thermal gradient 

emission. The molecular dissociation energy value for CNˉ 

bonds can be obtained from the Gibbs free energy (172.3 

KJ/mol) [29]; therefore, we can deduce that to break the bonds 

of each molecule, at least 1.79 eV should be applied. The 

strategy to optimize the molecular dissociation energy involves 

disaggregating the solution and adding H2O2 [26]. 

 

 Afterward, the mixture of  CNˉ and H2O2 is passed through 

a filter and it perfuses and percolates through the filter wall to 

form tiny drops of  CNOˉ , which create a thin film that runs 

down the filter’s internal wall and is then directly attacked by 

the plasma’s radiant component. The Gibbs’s free energy for 

the molecular dissociation of CNOˉ is ∆𝐺  = −98.7 KJ/mol. 

Thus, to break the bonds of each molecule and accelerate the 

process, relatively less energy should be applied [29]. The 

lower Gibbs free energy value G for CNOˉ  mentioned above 

and the lower energy required to dissociate molecules can be 

attributed to the fact that the thermodynamic system includes 

the remaining microwave energy used to produce plasma, 

which adds more entropy to the system before being attacked 

by black-body thermal radiation. Regarding this, we must 

consider the following equation: 

 

∆𝐺(𝑝,𝑇) = ∆𝐻 − 𝑇∆𝑆          (5) 

 

Where H is the enthalpy and S represents the entropy, 

enthalpy include all the energy sources added in the chamber. 

In this experiment, we found that at 6000 °C, the microwave-

generated plasma source with a Wien law-deduced black-body 

irradiation of 2.6 eV provide sufficient energy to dissociate 

substances. This could be considered as the release energy 

condition, which is enhanced by perfusion and percolation of 

the mixture through the filter wall. 

 

As shown in the schematic of the reactor in Figure 2, a 

ceramic filter combined with a plasma radiation led to an 

interaction between whole-spectrum radiation and fluid 

charged with CNOˉ molecules. The filter design also prevents 

the power of the rays from being dispersed, ensuring that the 

interaction is basically over the CNˉ solution. The filter was 

almost transparent to microwaves and almost opaque to plasma 

irradiation. It could be considered as a kind of “mechanical 

disaggregating system” due to the perfusion/percolation 

phenomenon, which is based on the geometrical change of the 

volume of CNˉ solution passing through the cylindrical filter 

making a comparison with drops forming inside the filter. The 

area: volume ratio of the solution is sufficiently high when 

creating drops and watery percolated fronts inside and outside 

the filter respectively, forming a tiny front film (see Figure 3). 

This increases the possibility of photocatalyst interaction, UV 

absorption, reactive kinetics, and deposition of dissolved atoms 

on the surfaces as a layer-by-layer solution runs down the filter 

wall [30]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 A thin film of water forming an idealized infinitesimal cylinder after 

passing through the ceramic filter inside the reactor. 

 

In practice, mining process use H2O2 for the elimination of 

cyanide, so spontaneously quantities of NH3 are produced, this 
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chemical species will serve as a means to demonstrate that in 

the same process and under conditions of adequate 

concentration and the application of specific plasma 

characteristics, for each molecular species processed, with our 

proposed technique, we will prove the condition of  

REACTOR-SPECIFIC MODEL (figure 1).  

 

As a principle of our hypothesis, only with plasma 

radiation and the mechanical disaggregating system (figure 3) 

could we break down toxic bonds such as Cyanide producing 

carbon molecules but in the same sample with the presence of 

NH3 we can generate hydrogen, ingredients for the formation 

of hydrocarbon fuels “Cx - Hy”, techniques for the production 

of H2 from NH3 have already been developed by others 

previously and it  could be used as a concept for this work [31].  

 

It should be noted that the same procedure could break 

down most toxic compounds, including NOx and SOx, because 

they have Gibbs free energy levels below 2.0 eV [15]; therefore, 

the presence of these compounds is not an issue inside a plasma 

reactor, where they do not have a significant presence.  It should 

be considered that although 2.6 eV corresponds to the Planck 

density peak at 6000 °C, there is a “bandwidth” in which a 

spectral frequency can achieve values greater than 2.6 eV with 

lower energy density and less probability of an interaction. In 

the plasma technique, the digestion reactor used an energy sink 

and included a hybrid UV filter [10] in which the samples ran 

down the ceramic filter wall (Figure 3). We prepared the 

samples by following the standard chemical technique used for 

detoxification [19] and employed the reaction of CNˉ and H2O2
 

having a ratio of 1:8 in concentration. We also tested a 1:12 

ratio for some assays [20]. This technique was complemented 

by electrolysis to evaluate the effect of a voltage potential on 

the process. This setup (Figure 2) could release particles in a 

fluidized bed if gasification of raw material is chosen and then 

expose those particles to the plasma thermal dart or plasma 

made of electrons accelerated by an ionizing potential [32]. 

 

C. Assays 

 

• First Test 

 

Sample: Detoxification of wastewater from a mine tailing 

Main target: CNˉ  

Detoxification action: Exposing samples to UV irradiation 

with 470-nm-wavelength lamps and comparing the samples 

with those subjected to a plasma spectrum at 6000 °C (in the 

system shown in Figure 2 with a perfusion/percolation 

wall). 

Sample volume: 1 L (This volume will be standard for all 

experiments). 

 

M1: Sample exposed to irradiation using two UV lamps 

(25 W at 470 nm)  

Sample concentration alimentation solution: 1.60 ppm 

Condition: Downstream water in a layer exposed to UV 

light. 

Flux residence time: 30 min. 

 

M2: Sample subjected to the plasma method 

Sample concentration: 1.60 ppm  

Flux residence time: 5 min 

Condition: Downstream water in a layer exposed to plasma 

radiation dart (Figure 2). Results in TABLE I 

 

• Second Test 

 

Assay: A sample circulates through the microwave plasma 

generator with a hybrid filter device and a collector with a 

perfusion wall. Passed four times through the reactor. 

Sample concentration: 1.09 ppm  

Flux residence time: 20 min 

Condition: Downstream water in a layer exposed to plasma 

radiation dart (Figure 2). Results in TABLE II. 

 

• Third Test 

 

Assay: Two samples of the same concentration are tested, 

and each sample circulates through a microwave plasma 

generator with a hybrid filter device (Figure 2) once. One 

of the samples is also treated using electrolysis  

Sample concentration: 459.26 ppm 

Output 1: UV from plasma  

Output 2: UV plasma + electrolysis 

Residence time flux: 20 min. Results in TABLE III. 

 

• Fourth Test 

 

Assay: A sample circulates through the microwave plasma 

generator with a hybrid filter device and a collector with a 

perfusion wall. This sample will serve for next test to 

evaluate NH3.  

Flux residence time: 10 min 

Sample concentration: 1.593 ppm.  Results in TABLE IV. 

 

• Fifth Test 

 

Assay: the sample used in Fourth test will serve for this 

step to evaluate NH3.  

Flux residence time: 10 min 

Sample concentration: 1.593 ppm 

Condition:  This test evaluate the H2 production through 

the increase or decrease of  the  N- NH3    

and N- NO3  species. Results in TABLE V. 
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TABLE I 

Water treatment results after irradiation. M1: sample exposed to radiation from ultraviolet lamps, M2: sample subjected to 

the plasma method. A colorimetric method is used to measure the cyanide concentration.  

First Test 

Sample CNT 

[mgL-1] 

CNW 

[mgL-1] 

Ph Cu 

[mgL-1] 

Fe 

[mgL-1] 

Zn 

[mgL-1] 

Pb 

[mgL-1] 

TSS 

[mgL-1] 

mV 

M1 1.493 1.037 9.78 10.98 0.02 0.06 0.16 91 159.9 

M2 0.95 0.535 9.75 9.09 0.02 0.04 0.28 172 157.6 

 

TABLE II 

Water treatment through the microwave plasma generator with a hybrid filter device. A colorimetric method is used to 

measure the cyanide concentration. Flux residence time: 20 min. 

Second Test 

Parameter Methodology Limited 

Quantification 

Unity Alimentation 

Solution 

Production 

Solution 

Total Cyanide 

Not Detected 

SM 4500 – CN - C, E. 

Cyanide. Total Cyanide 

after Distillation. 

Colorimetric Method 

0.005 [mgL-1] 1.09 < 0.005 

Wad Cyanide 

Not Detected 

SM 4500 – CN - I, E. 

Cyanide. Weak Acid 

Dissociated Cyanide. 

Colorimetric Method 

0.005 [mgL-1] 0.7 < 0.005 

 

TABLE III 

Water treatment through the microwave plasma generator with a hybrid filter device, Output 1: UV(P)-3a.                     

Output 2: UV(P)-3b is also treated using electrolysis. A colorimetric method is used to measure the cyanide concentration. 

Residence time: 20 min. 

Third Test 

Sample CNT 

[mgL-1] 

CNW 

[mgL-1] 

Ph Cu 

[mgL-1] 

Fe 

[mgL-1] 

Zn 

[mgL-1] 

Pb 

[mgL-1] 

TSS 

[mgL-1] 

mV 

Z2-3 459.26 350.31 9.77 78.44 42.92 140.8 0.1 107 -145.7 

UV(P)-3b 2.02 1.26 9.79 5.93 0.17 0.1 < 0.02 34 -145.5 

UV(P)-3a 7.73 6.13 9.81 6.9 0.6 0.03 < 0.02 175 -146.1 
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TABLE IV 

Water treatment through the microwave plasma generator with a hybrid filter device. A colorimetric method is used to 

measure the cyanide concentration.  Residence time: 10 min. 

Fourth Test 

Parameter Methodology Limited 

Quantification 

Unity Alimentation 

Solution 

Production 

Solution 

Total 

Cyanide 

 

SM 4500 – CN - C, E. 

Cyanide. Total Cyanide after 

Distillation. Colorimetric 

Method 

0.005 [mgL-1] 1.593 0.407 

 

TABLE V 

A Selective Electrode Method for analysis of Nitrogen – Ammonia. 

Fifth Test 

Parameter Methodology NO3-N 

[mgL-1] 

N-NH3 

[mgL-1] 

NH3 

[mgL-1] 

Alimentation Solution Nitrogen (Ammonia), Ammonia 

Selective Electrode Method 

14.5 310.99 378.13 

Production Solution 15.5 218.99 266.27 

 

III. RESULTS AND DISCUSSION 

A. Data analysis 

 

 Table 1 summarizes the results after irradiation, where 

CNT is the total CNˉ concentration, CNW is the CNˉ weak acid 

dissociable concentration (CNWAD), TSS is the total 

suspended solids (Cu, Fe, Zn, and Pb ions), and mV is the redox 

potential.  

 

 The first test was a control test following the 

recommendation of the German Environmental Control Office 

for treating CNˉ waste [17]. In procedure M1 the results of this 

test revealed that UV irradiation by two 25-W, 470-nm lamps 

reduced the CNˉ concentration from 1.60 to 1.49 ppm in 30 min, 

whereas in procedure M2 using full-spectrum plasma radiation 

reduced the CNˉ concentration from 1.60 to 0.95 ppm in 5 min. 

In the first case, when a low H2O2 concentration and 

downstream water condition were employed, there was a 

relatively low performance, i.e., a 6% reduction in the CNˉ 

concentration, compared with a slurry stationary assay reported 

as a reference [19, 20].  

 

The CNˉ concentration decreased by ~40% solely with plasma 

and 5 min of residence time inside the reactor.  In the second 

test, CNˉ was not detected at all. We used a colorimetric method 

to measure the CNˉ concentration. The instrument sensitivity 

was 0.005 ppm. Here the total process time was 20 minutes.  

 

 In the third test, a high CNT concentrating sample as 

alimentation solution was analyzed, by thermal plasma 

radiation, the CNT concentration decreased from 459.26 to 7.73 

ppm, i.e., by ~98%, indicating that this technique is an efficient 

way to eliminate toxic compounds. In this test, the destruction 

of CNˉ bonds occurred due to mechanical disaggregation 

through the filter, followed by molecular dissociation via 

plasma radiation.  

 

 After this test, the sample was subjected to an electrolysis 

test at 6 Volt, 7 amperes, obtaining an additional reduction of 

7.73 to 2.02 ppm. In this test it can be found an important 

concentration reduction in all others complex compounds. This 

could be attribute a special Ceramic Porous percolation system 

showed in figure 2, which it works as a “mechanical 

disaggregating system” and as a cations and anions filter.  
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 In all cases, the CNˉ and CNWAD concentrations were 

significantly reduced using the plasma technique. These results 

lay the groundwork for initiating a pilot test to achieve massive 

production using this procedure. 

 Fourth and Fifth test have been done with the same sample, 

with initial CNT concentration of 1.593 ppm and after 10 

minutes of processing it can be seen the reduction of CNT 

concentration to a 0.407 ppm. With the data found until this test 

a graph showed in figure 4 was built.  

 Fifth test it has a special meaning because prove the 

REACTOR- SPECIFIC MODEL (figure 1) where with a 

sample which it has basic compounds CNˉ and NH3, these can 

be separated by plasma radiation only. Breaking chemical 

bonding by means of Black Body Radiation generated by 

plasma between 5000 and 6000 degrees is possible using the 

"mechanical disaggregating system" concept properly.  

 

 As can be seen in Fifth test, the fact that NO3-N raise and 

the reduction in NH3 and N-NH3 concentration it means the 

breaking of bondings of Nitrogen and the release and formation 

of H2 which is gasificated and should be required the 

quantification of this production in further measurements. It can 

be seen that in 10 minutes with the application of plasma 

radiation the concentration of NH3 reaches from 378.13 to 

266.27 ppm, this result represents a decrease of 30% which 

could have an important slope down curve in a longer time of 

exposure to plasma radiation in combination with the 

mechanical disaggregation. 

 

 Our proposed method can possibly dissociate molecules 

using plasma energy without the direct action of a plasma 

thermal component. To adjust the plasma spectra temperature 

for dissociating the chemical bonds, we only need to know the 

dissociation energies of the involved molecules, which are 

available in the literature and in chemistry tables. To perform 

sample transformation, one should decide to use either the 

thermal dart or radiation energy to split out the weak chemical 

links, thereby avoiding the unsuitable use of the complete 

plasma energy as disaggregation energy.  

 

 We also tested the effect of electrolysis in the system as 

support media (CNˉ concentration decreased from 7.73 to 2.02 

ppm; refer to the third test in Table 1). This was done to 

establish a correlation between liquid and vapor states when 

processing solid waste in a low-energy thermal fluidized bed 

with volatile products is necessary, where we can use 

accelerated electrons from plasma at 70 eV [32] which it’s too 

easy to implement in a chamber where several plasma forms 

could exist at atmospheric pressure. 

 

Figure 4 shows a plot of CNˉ concentration vs. plasma 

irradiation time, indicating a decrease in the CNˉ concentration 

as the irradiation residence time increased. After ~20 min, CNˉ 

was eliminated.  

 

B. Graph obtained from test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Photo – oxidation and degradation of cyanide using plasma radiation 

from black body spectrum at 6000 C. A percolation disaggregating filter was 

used. 

The amount of H2O2 employed was lower than that used in 

other procedures with UV lamps; therefore, we could reduce the 

quantity of H2O2   until we find a suitable value for a given CNˉ 

concentration and plasma generator power. 

IV. CONCLUSIONS 

 

The plasma radiation method complemented by 

mechanical disaggregation through a perfusion/percolation 

process is a powerful tool for water detoxification as it breaks 

apart 𝐶𝑁− molecules due to the rise of the interaction photo-

catalytic parameters which is justified with the Area/volume 

ratio according the nano and supra-nano interaction theory, 

saving energy by molecular disaggregating processes. Herein, 

we proposed a reactor design to transform waste materials into 

harmless materials to eliminate toxic substances in water and 

produce energy considering the compounds and physical 

chemical characteristics of the sample. Our experimental 

findings revealed that different plasma source characteristics 

can be used to break bonds by optimizing energy generation and 

application on specific bonds in either native or transformed 

substances. The reactor-specific model shown in Figure 2 

efficiently used each energetic requirement, optimizing the 

aggregation and dissociation processes and acquiring a 

correlation between the liquid and vapor phases.  

The next step in our research was to improve the electrical 

power efficiency. We primarily aimed to assess the response of 

plasma irradiation, followed by a porous percolation process 

inside a small chamber. We also anticipated to reduce the 

interaction space between irradiation and 𝐶𝑁−  molecules. 

Reactors that degrade a large amount of 𝐶𝑁− using 

conventional UV lamps require a considerably large space to 

set up an arrangement of multiple lamps. This could be the 
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chance to transform energy from the dissociated elements in 

clean way choosing correctly the raw material necessary to 

recombine it into fuel species inside a suitable transformation 

chamber.  

 

For future projects, using the proposed technique in 

combination with catalytic elements for the construction of the 

filter used for the mechanical disaggregation of samples could 

improve the yield in the destruction of pollutants and in the 

production of carbon and hydrogen for their recombination in 

hydrocarbon species. 
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