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I. INTRODUCTION 
 

Nowadays, activated carbon is utilized in many 

different industries, including the food and 

beverage, cosmetic, wastewater treatment, and 

pharmaceutical sectors. It is possible to renew 

activated carbon. to remove the adsorbed 

contaminants and partially replenish its adsorption 

capacity[1]. Landfilling, burning, and reactivation. 

Spent active carbon can currently be disposed of in 

three different methods. Since powdered active 

carbon is the least priced alternative, around 95% of 

it ends up in landfills, while roughly 70% of granular 

active carbon is reactivated. The ongoing usage and 

disposal of powdered activated carbon is a resource 

and waste management challenge that requires 

appropriate handling. Consequently, reactivating 

spent activated carbon is a sustainable approach; 

nevertheless, reactivating carbon is not affordable 

[2]. Another useful strategy to lessen secondary 

pollution and preserve natural resources is the 

regeneration and reuse of spent activated carbon 

(SAC) [3]. Many methods of regeneration have been 

reported, including solvent regeneration, biological 

regeneration, microwave regeneration, 

electrochemical regeneration, and thermal 

desorption using liquid water under subcritical 

circumstances [4]. However, one very efficient 

method of enhancing the pore structure of activated 

carbon is chemical activation. Activated carbon is 

made with exceptional properties by treating raw 

materials with the right chemical activators at the 

right temperatures. Activator substances like sulfuric 

acid (H₂SO₄), potassium hydroxide (KOH), potassium 

carbonate (K2CO3), phosphoric acid (H3PO4) are 

used to create exceptionally high-quality activated 

carbon. Optimizing the chemical activation process 

is essential to guaranteeing the economic viability of 

activated carbon [5], [6]. 

 
Figure. 1. Process flow of Spent activated carbon.  

 

Being a microcrystalline substance with a large 

surface area and porosity, activated carbon works 

incredibly well as an adsorbent [7]. There will 

undoubtedly be differences depending on the kind 

of raw materials used. The raw materials, 

temperature, and type of activation used can also 

Abstract- One efficient method for recovering the adsorptive capacity of spent activated carbon is to regenerate it 

through chemical impregnation. To regenerate the carbon and eliminate adsorbed pollutants, the spent activated 

carbon is treated with specific chemicals. The purpose of this study was to examine the properties of the regenerated 

activated carbon to determine whether it might be used in water purification applications. Spent activated carbon 

was gathered from the water purification unit's spent activated carbon cartridge. It is easily accessible and contains 

more carbon. At the ideal activation period, 1N KOH was used to activate the wasted carbon. The elemental analysis 

of spent activated carbon both before and after activation is the focus of this work. Scanning Electron Microscope 

(SEM), CHNS (elemental analysis), and significant index iodine number studies were used in this work. The goal of 
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to have well-developed pores and activation sites. 
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affect the activated carbon's surface area [8]. 

Because it encourages the formation of a porous 

structure, low-temperature carbonization is perfect 

for creating effective activated carbon [9]. Because it 

alters the structure of graphite and increases its 

adsorption capacity, hydrochloric acid is one of the 

best activation agents [10]. The source material and 

processing technique used determine the amount of 

activated carbon [11]. 

A sustainable method to remediation in wastewater 

purification can be achieved through the use of 

carbon-based materials. SAC is regenerated and 

activated in the current work using chemical 

treatment techniques. The carbon content, char 

production, and activated carbon characteristics are 

revealed through characterization 

 

                     II.EXPERIMENTAL   
 

Materials   

The following material is used as follows 

  

Chemicals Used- In the present work, the following 

chemicals were used. The sources of the chemicals 

and their acronyms used are given in Table I.  

  

Table I: List of chemicals used and their sources  

 
Preparation for Regenerated Spent Activated 

Carbon  

activated carbon is spent activated carbon that has 

not been regenerated.  

 

Raw Material Collection  

From the RO system's activated carbon cartridge, 

spent activated carbon was gathered as a raw 

material. SAC was kept in bags. (Fig. 2).  

 

 
Figure. 2. SAC sample.  

 

Drying of Spent Activated Carbon (SAC) 

The SAC samples were placed in trays. Initially, these 

trays were dried in an oven set to 80 degrees Celsius 

for 15 minutes.  

 

Sieving  

To eliminate the bigger particles and attain a uniform 

particle size, the Spent Activated Carbon (SAC) 

samples were sieved through 200 and 100-grade 

mesh (Fig. 3). The creation of fine activated carbon 

particles, which is necessary for appropriate 

distribution in the matrix, depends on sieving. 

 
Figure. 3. Sieving. 

Impregnation  

After gathering the char in a beaker, it was treated 

with KOH solution at different 5:1 impregnation 

ratio. 

Magnetic Stirrer Process  

 

For two hours, the beaker was activated by setting it 

on a magnetic stirrer.  



 Ravi Verma.  International Journal of Science, Engineering and Technology, 

 2025, 13:4 

 

3 

 

 

Washing and Drying  

After an hour of rinsing with 1N diluted HCL, the 

resulting regenerated spent activated carbon was 

repeatedly carefully cleaned with distilled water until 

the sample's pH reached 6-7. Before being stored in 

desiccators, the resulting regenerated Spent 

Activated Carbon (SAC) was dried for four hours at 

110 °C in an oven. (Fig. 4a,b). 

 

 
Figure. 4(a) pH value 

 

 
Figure. 4. (b) SAC sample after washing. 

 

III. METHODS  
 

The activated carbon samples from the RO system's 

activated carbon cartridge were studied for the 

percentage of the yield of spent activated carbon, 

CHNS elemental analysis, Iodine number, and SEM 

(Scanning Electron Microscope).   

 

Percentage of the Yield 

For the spent activated carbon, the percentage of 

yield is an important parameter. The amount that 

was produced from the dried precursor can be 

calculated by using the formula. Eq. (1) [12].  

 
CHNS Elemental Analyzer  

The CHNS elemental analyzer is used to find and 

determine the percentages of carbon (C), hydrogen 

(H), nitrogen (N), and sulphur (S) in a sample. 

Elemental analysis on developed samples was 

recorded by CHNSO Elemental Analyser, Elementar 

(Unicube), from CIPET-IPT Lucknow. Characteristics 

of char and developed activated carbon have been 

studied to analyze the Carbon (C), Hydrogen (H), 

Nitrogen (N), and Sulphur (S) % percentages in all 

our samples. 

 

Iodine Number 

An established procedure for figuring out the iodine 

number of activated carbon is provided by the ASTM 

D 4607-94 test technique. The amount of iodine in 

milligrams that one gram of activated carbon 

absorbs under specific test conditions is known as 

the iodine number. The SI unit mg/g is used to 

represent it. Using a 1% starch solution as an 

indicator, the technique uses an iodometric titration 

to titrate alkaline iodine (0.1N) against sodium 

thiosulfate (0.1N). First, a blank reading is taken, and 

then an activated carbon reading is taken [13], [14]. 

  

Scanning Electron Microscope (SEM) 

To determine the surface characteristics and 

morphological structure, a scanning electron 

microscope (SEM) is utilized. The Scanning Electron 

Microscope (SEM) Jeol- KM 6000 plus) From CIPET- 

IPT Lucknow was used to capture the morphological 

pictures of the generated samples. To examine the 

morphological changes in each of our samples, 

characteristics of char and produced activated 

carbon have been examined. 

  

         IV. RESULTS AND DISCUSSION 

  
Percentage of Yield of Activated Carbon  

After spent activation carbon for chemical 

impregnation, activated carbon was created. To 

create the activated carbon, several impregnation 

ratios have been carried out in accordance with the 
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5:1 impregnation with KOH solution. Table II displays 

the samples' yield percentage results.  

 

Table II. Yield of activated carbon. 

 

 
 

CHNS Analysis 

The existence of carbon, hydrogen, nitrogen, and 

sulfur in organic matter and other materials is 

verified using the CHNS elemental analyzer. 

Table III presents the findings of this investigation. It 

was discovered that the raw material SAC without 

regeneration had a carbon content of 74.55%. The 

carbon content of the chemically regenerated SAC 

sample was found to be 79.84 %. The results of the 

high carbon content indicate that it can be used to 

prepare activated carbon.[15] 

 

Table III. CHNS Analysis 

 

 
Iodine Number of Activated Carbon 

The iodine number value for the spent activated 

carbon is observed at 346.72 mg/g. The value of 

iodine number for our SAC samples with chemical 

impregnation has been shown in Table IV. 

   

Table IV. Iodine number of activated carbon 

 
The activated carbon's iodine number, which 

indicates its adsorption ability, typically ranges from 

500 to 1200 mg/g, making it an excellent adsorbent 

[16].   

  

Scanning Electron Microscope (SEM) 

Figure-5a displays a SEM of Spent Activated Carbon 

(SAC) without regeneration, while Figure- 5b 

displays images following chemical activation by 

KOH impregnation ratios of 5:1. A broad outer 

surface with irregular cracks and pores that appear 

throughout the activation stage is revealed by the 

gradual increase in pore development during the 

conversion of carbon to activated carbon. A network 

of interconnected spaces and pores may be seen 

across the samples in SEM pictures. The distribution 

of voids showed that the samples' morphology was 

homogeneous, which is ideal for reliable application 

performance. The SEM pictures of the samples show 

bright regions that indicate carbon-rich zones. 

 

 
Figure. 5. SEM analysis (a) 5:1 without regeneration 

(b) 5:1 SAC impregnated with KOH. 

 

V.CONCLUSION 
 

The current study used a chemical treatment process 

methodology to regenerate spent activated carbon. 

Approx nearly 80 % of carbon was reported in the 

samples, and the CHNS value confirms the carbon 

percentage in activated carbon. The 5:1 ratio's 

obtained iodine value of 1148.24 mg/g confirms the 

creation of activated carbon with this impregnation 

ratio and shows the adsorption potential. The 

network of linked voids and pores across the 

samples is shown by SEM examination, which also 

investigates the morphological structure of activated 

carbon.  

During chemical impregnation, some chemical 

reactions have also been observed with the 
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deposited scale of wasted activated carbon. The 

findings unequivocally show that activated carbon is 

very good at removing pollutants from water, 

especially those that come from industrial effluents. 
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