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Abstract 

Activated carbon's many desirable qualities have attracted a lot of interest recently. These 

attributes include its large surface area, high porosity, and its adaptability to a wide variety of 

functional groups. The influence of the key process factors, such as H3PO4/lignin impregnation 

ratio, activation temperature, and activation time on the iodine number and N2-BET surface area 

was explored in detail to improve the production technique. Proximate and elemental analyses, 

FTIR characterization, and scanning electron microscopy were all performed on the extracted 

activated carbon. The surface morphology was studied by measuring the pore volume and 

surface area using the N2-BET isotherm. After 1 hour of activation at a temperature of 8000 

degrees Celsius, the lignin-based activated carbon with the highest surface area (1343.98 m2 /g) 

and pore volume (0.6950 cm3 /g) was developed using a 1:1 H3PO4 to lignin impregnation 

ratio. Concentration, pH, contact duration, and adsorbent dose are some of the system variables 

looked into. 

Keywords:Adsorbent, Pharmaceutical Actives Contaminants, Carbonized Bamboo Species, 

Isotherm 

INTRODUCTION 

Activated carbon (AC) is one of the most well-known and commonly utilized adsorbents in 

water and wastewater treatment today because of its highly porous structure, large surface area, 

rapid removal speed, and great adsorption capacity. AC is superior to other adsorbents because 

of its many useful properties, including its low energy requirements, high adsorption potential, 

resistance to corrosion and toxicity, and easy process design. The high manufacturing cost of AC 

is one of its key drawbacks. This severely restricts how widely it can be used. The raw materials 

(precursor) for AC manufacturing may be thought of as any readily accessible, affordable, and 

safe organic substance like agricultural wastes. During the gathering and processing of a wide 

variety of agricultural goods, large quantities of trash are produced each year, according to 

estimates. Recent research has revealed that several of these by-products may be employed as 

precursors to make high-quality AC to adsorb gases and solutes from aqueous solutions since 

they are both very pure and have excellent characteristics. 

University and commercial laboratory wastewater is a hazardous byproduct of teaching and 

research that poses serious environmental risks when released. Wastewater is often contaminated 

with heavy metals, high concentrations of organic matter, low pH conditions, and other, as-yet-
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unknown toxins. Sanitary engineers have a hurdle when confronted with this sort of wastewater 

because of its perceived difficulty to treat. Biochemical and physical-chemical processes are the 

two most common wastewater treatment methods. For industrial wastewater, physicochemical 

treatments such adsorption, neutralization, chemical degradation, ozonation, membrane 

filtration, and others have shown pollutant removal efficiency of up to 90%. Through a process 

known as adsorption, atoms, ions, or molecules are kept on a surface. Adsorption is the process 

through which a material accumulates on a surface. Activated carbon, in either granular or 

powdered form, is widely utilized as a very efficient adsorbent for cleaning the environment of 

dangerous compounds. Heating or chemicals are the two options. Carbonizing raw material at 

high temperatures in the absence of air (nitrogen is often utilized) and at temperatures below 700 

°C results in a highly porous structure due to the volatilization of excess carbon and non-

carbonaceous material. In a typical chemical activation process, the raw material is first 

carbonized after being impregnated with the chemical agent. Modern environmental degradation 

is a byproduct of technological progress brought about by industrialization. Organic (both polar 

and non-polar) pollutants are common in water supplies due to human activity. This makes water 

purification a pressing global problem, prompting WHO to adopt stringent regulations in this 

area. 

The pharmaceutical sector is only one of several that produces polar organic effluent. Pollutants 

from this industry's production are persistent since its goods are always in demand and use These 

days, medications are mass-produced more than ever before thanks to their widespread use in the 

aquaculture and livestock farming industries for the treatment and prevention of fish and cattle 

illnesses Substances used in the production of pharmaceuticals might be either active or inert 

compounds, additives, or preservatives. Drugs that have an effect on the body are called 

"pharmaceutically active compounds" and include acetaminophen salbutamol amoxicillin 

ibuprofen chlor Emerging organic contaminants (EOCs) such pharmaceutical wastewater are 

constantly being discharged into the environment via the production of new goods, the disposal 

of old items or by-products, and human waste They pose risks to the environment because they 

promote the spread of bacteria that are resistant to antibiotics These EOCs are also linked to 

endocrine dysregulation. 

LITERATURE REVIEW 

Sri Lestari, et.al (2020) Drinking, cooking, cleaning, and other essential household tasks all rely 

heavily on access to clean water. When water pollution begins to spread illness. The research 

aims to find a way to purify river water that has been contaminated by pollution. In this research, 

activated carbon made from palm shells and coal was used as an adsorbent to clean river water 

using the adsorption technique. Carbonization of palm shells and coal at 500 °C for 45 minutes 

yields activated carbon. DO, BOD, TN, TP, and TSS were the water quality metrics studied 

(TSS). Activated carbon made from coal was shown to be more effective than that made from 

palm shells. The biological oxygen demand (BOD) of treated water can be lowered from 5.11 

mg L-1 to 1.13 mg L-1, the total nitrogen content can be lowered from 21.33 mg L-1 to 2.98 mg 

L-1, the total phosphorus content can be lowered from 0.322 mg L-1 to 0.141 mg L-1, and the 

total soluble solids (TSS) can be lowered from 53 mg L-1 to 7 mg L-1 after 6 hours of treatment 
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using activated carbon from coal. DO levels increased slightly, from 1.81 to 1.83 mg L-1, while 

other parameters remained stable. 

A.Guruprasath, et.al (2017) A Each person takes in around 15 to 22 kg of air every day, or 

22,000 breaths, making air pollution a major public health concern. Carbon monoxide (CO), 

unburned hydrocarbon (UBHC), oxides of nitrogen (NOx), and lead are the most common car-

related pollutants. One of the most well-known environmental uses of activated carbons is the 

removal of pollutants from combustion gas in SI&CI. More and more novel adsorbents have 

been developed in recent years to ensure the effective removal of impurities and pollutants on 

activated carbons. This article presents the results of a thorough investigation of the use of an 

activated carbon filter for removing CO, SO2, and NO2 from a SI&CI engine. Gas 

chromatography was used to conduct both qualitative and quantitative analyses of the exhaust 

gases. This easy technique offers a viable option for underdeveloped nations to achieve pollution 

regulations. In this research, we found that using agricultural wastes might be a practical option 

for cutting down on pollution from SI and CI engines. 

Carbon Monica Puccini et.al (2018)This research included the industrial-scale production of 

hydrochar (HC) from municipal woody and herbaceous prunings, followed by chemical 

activation using potassium hydroxide. High surface area, low density porous materials were 

investigated with varying KOH/HC ratios. A 3:1 KOH/HC ratio produced activated carbon with 

a BET surface area of up to 1739 m2/g. The samples' ability to adsorb contaminants from gas 

and liquid phases was investigated. The removal capabilities of CO2 from a gaseous phase were 

evaluated using a thermogravimetric analyzer (TGA), and those of an emerging pollutant from 

an aqueous phase were evaluated using ultraviolet-visible spectroscopy. At 27 °C, the CO2 

adsorption capacity of all samples was above average, with hydro char activated with an 

impregnation ratio of 2:1 achieving the highest value at 84.5 mg CO2/g sorbent. In addition, 

atrazine, one of the most often found pesticides in both surface and groundwater aquifers, was 

effectively removed by activated chars (up to 97.9% for a 3:1 KOH/HC ratio). 

Sun Zhongxiang (2019) As people's level of life rises, they become increasingly concerned 

about issues related to indoor air quality, including their own health. Toxic and dangerous 

pollutants will be produced in high quantities throughout the process of home decorating, posing 

a threat to human health. In this article, we will primarily discuss the many indoor pollution 

sources, the dangers they pose, and the ways in which activated carbon may be used to clean the 

air. Using formaldehyde adsorption as an example, we use computational simulations to examine 

the correlation between activated carbon improvement measures and purifying performance. By 

using a double-sided adsorption model, we were able to theoretically analyses the effect of 

activated carbon modification on adsorption rate, therefore establishing a benchmark for the 

practical enhancement of activated carbon production. 

Lidia Dąbek (2020) In this paper, we report the outcomes of simulation and optimization efforts 

aimed at maximizing the efficiency with which organic pollutants can be removed from an 

aqueous solution by means of simultaneous adsorption onto activated carbons with different 

physical characteristics and oxidation with H2O2. This work provides an approach for 
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developing the models used to estimate the sorption and catalytic parameters in the process. 

Based on the defined empirical models, we analyzed the impact of the sorption and catalytic 

parameters of activated carbons, as well as the oxidant dosage, on the removal kinetics of the 

organic dye’s phenol red and crystal violet. The values of the reaction rate constants associated 

with the simultaneous elimination of pollutants from the solution are confirmed to be influenced 

by the specific surface area (S) of the activated carbon and the dosage of the oxidizer. It was 

shown that the oxidizer was more effective in removing pollutants from the solution when the 

specific surface area of carbon (S) was smaller. The presented model may be used to optimize 

parameters in a simultaneous process, providing insight into how changing things like sorbent 

selection or oxidizer type and dosage might affect the efficacy with which pollutants are 

eliminated. Models may be put to use in the real world to determine the optimal combination of 

sorbent and oxidizer for a set of pollutants, cutting down on overall processing costs. 

MATERIALS AND METHODS 

Reagents  

All of the reagents, such as sulphury acid, ortho-phosphoric acid, sodium hydroxide, 

hydrochloric acid, and methylene blue, were of analytical grade (MB). The experimental 

solution was prepared using double-distilled water. 

Precipitation of Industrial Waste Lignin  

Bilt Graphic Paper Products (Unit- Ballarpur), Ballarpur, MS, India's concentrated black fluid 

was acidified with diluted H2SO4 to precipitate the lignin, then filtered and washed extensively 

with distilled water to eliminate residues of acid. A weight was taken after it had been dried in 

an oven at 800 degrees Fahrenheit for a whole day. To make activated carbons, pure lignin was 

sourced. It was then reduced in size by crushing and screening to the required 72-micron 

uniformity for processing. 

Preparation of Char from Lignin (In Absence of H3PO4) 

A chromel/alumel thermocouple was inserted into the muffle furnace's cylindrical chamber to 

detect temperatures during the experiment. To begin, 20 grammes of purified lignin from 

industrial waste was used. Lignin thermal degradation without a catalyst was investigated at 

8000 C with a heating rate of 50 C min-1. The lignin sample was kept at the final temperature 

range for 1 hour. The produced gases, including CO2, were released via the exhaust pipe. The 

result of the experiment was analyzed and determined to be char. This char came in at 4.042 

grammes in weight. 

Preparation of Activated Carbon from Lignin (In Presence of H3PO4)  

In a beaker, H3PO4 was combined with lignin from industrial waste at several impregnation 

ratios (acid to lignin ratio, such as 0.5:1, 1:1, 1.5:1, and 2:1). Next, it was cooked in a water bath 

over an electric heater until it became semisolid. After setting for 24 hours at ambient 
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temperature in air, the semisolid slurry was transferred to an electric muffle furnace for 

activation in air. To facilitate the natural development of water, the furnace was heated for 1 

hour at 150 degrees Celsius, with a heating rate of 100 degrees Celsius per minute. The furnace 

was then heated to the desired temperature at a rate of 5 0C min-1 (600°C, 700°C, 800°C, and 

900°C), where it remained for 1 hour. Four impregnation ratios were tested, with corresponding 

activated carbons generated at temperatures ranging from 600 to 900°C to examine the impact of 

impregnation ratio and activation temperature on the formation of the porous structure The AC 

was removed from the reactor after activation and cooled to room temperature. In order to get 

the ACs to a neutral pH, we washed them in 1M HCl and then hot distilled water (using a multi 

parameter metre from Eutech Instruments, Oakton PCSTestrTM 35 India) After drying the 

samples at 1100C for a whole night, the yield of activated carbons was determined using the 

following formula: 

Y= (M1/M2) × 100% 

where M1 is the activated carbon weight and M2 is the lignin powder weight after drying in an 

oven; (x) Once everything was finely ground and sieved through 72 mesh, we could begin 

characterizing the samples. 

Iodine Number 

Following the guidelines of ASTM D 1510-57 T, the iodine number of the produced lignin char 

and activated carbons was calculated. Higher iodine numbers indicate more developed 

microporous structure and greater adsorption capability for low-molar-mass solutes, since iodine 

number offers as indicator of microporosity (pores smaller than 1 nm in diameter). 

Characterization of Activated Carbon with Highest Iodine Number (ACHP 1/800) 

Proximate and Ultimate Analysis 

Proximate analysis was performed to determine the amounts of moisture, volatile matter, ash, 

and fixed carbon in lignin, lignin char, and the activated carbon (ACHP 1/800) generated after 

thermal degradation. To determine the relative amounts of carbon, hydrogen, nitrogen, and 

Sulphur as well as oxygen in lignin, lignin char, and activated carbon (ACHP 1/800), a vario 

MACRO cube V3.0.3, CHNSO Elemental analyzer was used. The oxygen content was 

determined via subtraction. The carbon samples used in the study were all sieved to a size of 

0.212. Before testing, all the samples are air dried by spreading thinly overnight so that the 

sample is equilibrated in the laboratory humidity environment. 

Surface Area and Porosity 

The Smart sorb 93 Surface Area Analyzer was used to measure the BET surface area and total 

pore volume of materials at a single location (Smart Instruments Pvt Ltd, Mumbai). Prior to the 

surface area measurements, all samples were subjected to one hour of pretreatment in a flow of 

pure nitrogen gas at 50 ml/min, 250°C. The surface area of the catalysts was measured using a 
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dynamic approach, which included a gas combination (30% N2 + 70% He) continually flowing 

over the samples. The sample was then submerged in -196°C liquid nitrogen. In this kind of 

flow, a single layer of adsorbed gas occurs on the surface. Bringing the sample to room 

temperature allows the adsorbed N2 to desorb. The nitrogen that has been desorbed may be used 

as a proxy for the surface area. Total pore volume was measured using a dynamic technique that 

included a gas combination (95% N2 + 5% He) continually flowing over the sample. The 

creation and filling of multilayers in pores can only be evaluated at partial pressures greater than 

0.35, at which point pore volume may be calculated. To ensure that all pores with radii larger 

than 150 are accounted for, a partial pressure of 0.95 was used. 

FT-IR  

Fourier transform infrared spectroscopy was used to examine the presence of different functional 

groups in lignin, lignin char, and activated carbon (FTIR-2000, Perkin Elmer). It was determined 

that the wave number shifted from 4000 to 400 cm-1. In order to observe the structural changes 

in lignin during heat degradation, all of the spectra were compared using the assignments 

provided to the peaks. 

Statistical Methods for the Social Sciences SEM analysis of lignin, lignin char, and activated 

carbons derived from their thermal degradation revealed interesting differences in their surface 

appearance. These SEM photos were captured using a JEOL (JSM-6380A) scanning electron 

microscope outfitted with an electron probe analyzer system (accelerating voltage 30KV). 

Optimization of Adsorption Parameters 

Optimization of Adsorbent Dose  

Studies were conducted for dye removal using activated carbon ACHP1/800, which has the 

highest surface area of all of the manufactured ACs, in order to determine the optimal dosage of 

ACs for maximal removal. In a volumetric flask, we mixed up some dye solution at a 

concentration of 100 mg/L. In each BOD container, a 100ml standard solution of methylene blue 

dye was mixed with varying amounts of ACHP1/800 adsorbent (0.01, 0.02, 0.025, 0.05, and 

0.1g). The Remi orbital incubator shaker was set to 30 1.0 C for 48 hours, and all the bottles 

were placed inside. After centrifuging the dye solution, the supernatant was manually removed 

from the adsorbent using a micropipette. Elmer Lambda 35 UV/VIS spectrophotometer 

measurements were used to determine the final dye concentration. This equation was used to 

determine the efficiency with which the dye was removed. 

 

Co = starting concentration (mg/L), Ce = equilibrium concentration (mg/L), etc. 
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Optimization of pH  

Experiments of the batch type adsorption were conducted at different solution pH (range: 2-11) 

by adding the needed quantities of 1M HCl or NaOH solution to find the optimal pH range for 

maximal removal. In each BOD vial, 0.05 g of ACHP1/800 was mixed with 100 ml of 

methylene blue dye standard solution. Using a digital pH pen, the dye solution's pH level was 

determined. Amounts of dye removed were determined using adsorption studies utilizing the 

previously established relationship. 

Optimization of Contact Time  

Adsorption tests have been performed with agitation times ranging from 6 to 72 hours in order to 

determine the influence of contact duration on the research. Each BOD container, which held 

100 ml of the finished dyes solution, was supplemented with a portion of activated carbon 

ACHP1/800. In BOD bottles, 0.05 g of AC was mixed with 100 ml of methylene blue dye 

standard solution. Amounts of dye removed were determined using adsorption studies utilizing 

the previously established relationship. 

Adsorption Experiments  

Methylene blue adsorption isotherms on ACHP1/800 adsorbent were performed. The 

effectiveness of an adsorbent in removing a specific adsorbate may be measured using an 

adsorption isotherm. The MB dye solution was dissolved in 1000 mL of double-distilled water to 

create a stock solution at a concentration of 100 mg/L. Distilled water was used to ensure that 

the color powder was completely dissolved. As the liquid film diffusion resistance to mass 

transfer of solute to adsorbent surface could not be removed, the time needed for the adsorbate-

adsorbent system to achieve equilibrium was significantly increased. All of the isotherm 

experiments were performed at 300C, and the adsorbate solution temperature never varied by 

more than 20C. Distilled water was used to dilute stock solutions to working concentrations 

during adsorption equilibrium investigations. By calculating the optical density of the 

components at their maximum absorbance wavelengths, UV/VI’S spectroscopy detected 

concentrations ranging from 1 mg/L to 180 mg/L and the change in dye solution concentration 

between the beginning and end of the process. 

For methylene blue, the mass balance equation yielded the following result for the adsorption 

capacity of ACHP1/800 at the equilibrium Qe (mg/g): 

 

where Co and Ce are the starting and ending MB dye concentrations in solution (mg/l), V is the 

dye solution volume (l), and m is the adsorbent mass (g). 
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RESULTS 

how the ratio of H3PO4 to lignin impregnated AC affects the AC's field and iodine number 

The effects of an H3PO4/lignin ratio of 600 to 900 at 1-hour activation temperatures were 

studied. Ratios of H3PO4 to lignin of 0.5:1, 1:1, 1.5:1, and 2:1 were investigated (Table 1). 

Research looking at the effect of H3PO4/lignin ratio on yield found that activated carbon yield 

steadily declined with increasing impregnation ratio (See Fig. 1). The rate of pyro catalytic 

degradation increases with increasing impregnation ratio. The iodine number of AC increases as 

the impregnation ratio moves from 0.5:1 to 1:1, but decreases as the ratio moves from 1.5:1 to 

2:1. For an example, see Fig.2. Because of this, the iodine adsorption capacity was enhanced at a 

1:1 ratio, suggesting a more potent activation process. Adsorption capacity for iodine would 

decrease as impregnation ratio increased because the pore would be expanded and burnt out. 

Table1: Conditions for H3PO4 activation, iodine count, and yield while preparing ACs 

 

 

Fig1. Influence of impregnation ratio on yield 
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Fig2. Influence of impregnation ratio on iodine number 

Changes in AC Yield and Iodine Number as a Function of Activation Temperature 

ctivated carbon yields obtained with H3PO4 activating agent are shown in Fig. 3 as a function of 

activation temperatures ranging from 600 to 900 °C. Table 1 displays experimental results 

showing that activation temperature has a negative correlation with activated carbon yield. 

This suggests that as the activation temperature rises, the pyro catalytic degradation increases in 

efficacy. As temperature rises from 600 to 800 °C, the iodine number of AC rises, only to fall at 

900 °C, as has been seen (See Fig. 4). Activation with H3PO4 is quite efficient at 800 °C, as 

seen below. Lignin undergoes aryl ether bond breakage as a result of acid assaults in the first 

step of degradation There may be other processes, such deterioration or condensation, that occur 

alongside this primary event. Extensive changes in CO/CO2 and methane occur during this low-

temperature treatment (which would not occur under the heat treatment without H3PO4). The 

particles' volume is likewise reduced throughout this procedure. During the second heat 

treatment, when the temperature is raised closer to the ultimate temperature, the rate of weight 

loss slows considerably, and the structure starts to expand and acquire porosity as the activation 

temperature rises over 800 °C, the walls of the smaller pores collapse and join to create bigger 

pores, which may explain why the iodine count drops. As temperatures rise over 8000 °C, the 

micro- and mesopore regions shrink and the particles themselves become more compact. The 

pore size distribution has shrunk as a result of these modifications. 
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Fig3. Influence of activation temperature on yield 

 

Fig4. Influence of activation temperature on iodine number 

A Study of High-Iodine-Number Activated Carbon (ACHP 1/800) 

Comparative Study of the Proximal and the Terminal 

The percentages of moisture, volatile matter, ash, and fixed carbon in lignin, lignin char, and the 

prepared activated carbon (ACHP 1/800) are all different (See Table 2). According to the 

findings, the AC produced from lignin in the presence of H3PO4 has a higher fixed-carbon 

percentage than lignin char. After decomposition in the presence of H3PO4, the aromatic 

structure becomes predominate, as shown by ACHP 1/800's greater carbon content than lignin 

char (See Table 3). In this scenario, activation causes the organic compounds to break down into 

gaseous and liquid forms, leaving behind a solid carbonaceous residue rich in carbon. It's 

possible that ACs' low hydrogen and low oxygen concentration is the result of molecular chain 

breakage. 
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Table2. The ACHP 1/800, lignin char, and lignin were all analysed for their approximate 

chemical compositions. 

 

Table3. The whole study of lignin, lignin char, and ACHP 1/800 

 

The Relationship Between Surface Area and Porosity 

The optimal circumstances for creating AC with large surface area and pore volume from 

H3PO4 activating agent are H3PO4-to-lignin impregnation ratio =1:1, activation temperature 

=8000C, and activation time =1 hr, according to the experimental conditions evaluated. Under 

these circumstances, AC was produced with a N2-BET surface area of 1343.98 m2/g and a total 

pore volume of 0.6950 cm3/g, making it much more porous than lignin char produced from 

lignin in the absence of H3PO4 (See Table 4). The surface area of activated carbon made from 

discarded lignin in an industrial setting using H3PO4 is very close to that of commercial 

activated carbons. 

Table4. Surface characteristics of lignin char and ACHP 1/800 

 

CONCLUSION 

Since it has a highly porous structure, a large surface area, a high rate of removal, and a high 

adsorption capacity, it is frequently utilized as an adsorbent in water purification. The 

Pharmaceutical Industry is only one of several that produces polar organic effluent. We used 

H3PO4 activating agents to optimize the impregnation ratio and activation temperature for 

producing 16 distinct types of activated carbons by chemically activating industrial waste lignin. 

It was determined that an impregnation ratio of 1:1, an activation temperature of 8000C, and an 

activation period of 1 hour were the optimal activation conditions for porosity growth in lignin-

derived ACs. Activated carbon's N2-BET surface area decreases when the activation temperature 

rises over 8000 °C owing to pore contraction. Adsorption of methylene blue dye proceeds 

rapidly, and the results match well to both the Langmuir and the Freundlich isotherms. 
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