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Day 15 Notes 

Activated Carbon Filtration  

Introduction to Activated Carbon Filtration 

Definition and Overview 
Activated carbon filtration is a method used to remove contaminants from water through a process 
called adsorption. Activated carbon, a form of carbon that has been processed to create a vast 
network of pores, has a high surface area, making it exceptionally eƯective at trapping particles, 
chemicals, and organic compounds from liquids and gases. 

 

The filtration process involves passing water through a bed of activated carbon granules or carbon 
block filters, which adsorb impurities onto their surfaces. This method is widely used for its ability 
to remove a broad range of contaminants, including chlorine, volatile organic compounds (VOCs), 
pesticides, herbicides, and certain heavy metals. 

 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴిలÌś ƿషȴ 

పĸ�చయం: య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴిలÌś ƿషȴ 

ǵరŵచనం మĸ�య� అవలĐకనం 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴలిÌś ƿషȴ అĲÂİ� అı�ĻĒషణం (adsorption) అĲÂ పƔĥ�Ƙయ İ�ŵĸా Ƕట� నుంĬ� కల¡ļిĮ�లను 

ĮúలĦ�ంచĬ�ǵĥ� ఉపȂĦ�ంĨే ఒక పదţǳ. య�ĥ�śĺÂట½ȭ ĥారŧȴ, ȇĻాలĶ¸Ûన రంı�Ɣ ల Ĳ±ȫ వȻŐ ను సృļిśంచĬ�ǵĥ� ǷƔా Ľ¿ɂ 

ĨేయబĬ�న ĥారŧȴ ȁకŐ ఒక ర¤పం, ఇİ� అı�క ఉపĸ�తల ĺ±Ļౖాల�ŪǵŤ కȃĦ� ఉంట�ంİ�, İ�ǵ వలన దƔĺాల¡ 

మĸ�య� ĺాయ�వ­ల నుంĬ� కణ�ల¡, రȎాయĲ�ల¡ మĸ�య� ĽÐంİ�Ɣయ సĶÉũళĲ�లను బంı�ంచడంలĐ ఇİ� Ĩ�ల� 

పƔĵ�వవంతంĦా ఉంట�ంİ�. 

ĴిలÌś ƿషȴ పƔĥ�ƘయలĐ, Ƕట�ǵ య�ĥ�śĺÂట½ȭ ĥారŧȴ ĸÃణ�వ­ల¡ లÌİ� ĥారŧȴ బ�ų ȡ Ĵలిśరų Ƿû ర İ�ŵĸా పంĳించడం 

జర గ�త§ంİ�, ఇȇ తమ ఉపĸ�తల�లĳ¿ౖ మȃĲ�లను అı�ĻĒషణం ĨేȎాŠ ķ. ĥąų ĸ�ȴ, అĽిšర ĽÐంİ�Ɣయ సĶÉũళĲ�ల¡ 



(VOCల¡), ప­ర గ�మందుల¡, కల¡ప­ సంȏరĥాల¡ మĸ�య� ĥóǵŤ ĵ�ĸ� లĐȏలĮČ సȏ అĲÂక రĥాల కల¡ļĮి�లను 

ĮúలĦ�ంĨే Ȏామరšƺం ĥారణంĦా ఈ పదţǳ ȇసŠ ృతంĦా ఉపȂĦ�ంచబడ¦త§ంİ�. 

 

Historical Background 
The use of carbon for filtration dates back thousands of years. Ancient Egyptians and Hindus 
utilized charcoal for medicinal purposes and water purification. However, the modern application 
of activated carbon in filtration began in the early 20th century. 

 

1900s: Activated carbon started being used in industrial applications for decolorizing solutions and 
treating wastewater. 

1940s-1950s: The development of synthetic activated carbons allowed for more consistent and 
eƯective filtration. During World War II, activated carbon was employed in gas masks to protect 
soldiers from chemical warfare. 

1970s: Environmental regulations and increasing awareness of water pollution drove the 
widespread adoption of activated carbon filtration in municipal water treatment and industrial 
processes. 

Present Day: Advanced manufacturing techniques and the growing need for clean water have 
further refined the production and use of activated carbon, making it a cornerstone of modern 
filtration systems. 

 

Ĩ�ĸ�తƔక ĲÂపథŪం 

ĴిలÌś ƿషȴ ĥąసం ĥారŧȴ ȇǵȂగం ĺÂల సంవతŸĸాల ĥ�Ƙతం Ĳ�ట�İ�. ప­ĸాతన ఈǭĳిŷయనుų  మĸ�య� ľ�ందువ­ల¡ 

ĺ±ౖదŪ పƔȂజĲ�ల ĥąసం మĸ�య� Ƕట� ȉİ�ţ  ĥąసం బý గ�œ ను ఉపȂĦ�ంĨ�ర . అķĮే, ĴలిÌś ƿషȴ లĐ య�ĥ�śĺÂట½ȭ 

ĥారŧȴ ȁకŐ ఆధుǵక అనువరŠనం 20వ శĮ�బŢం ǷƔా రంభంలĐ ǷƔా రంభĶ¸Ûంİ�. 

 1900ల¡: İ�Ɣ వణ�లను రంగ� మ�రŖĬ�ǵĥ� మĸ�య� వŪరš జల�లను ȉİ�ţ  ĨయేĬ�ǵĥ� Ƿాĸ�ĻƘా ǽక 

అనువరŠĲ�లలĐ య�ĥ�śĺÂట½ȭ ĥారŧȴ ఉపȂĦ�ంచడం ǷƔా రంǻంĨ�ర . 

 1940ల¡-1950ల¡: Ľింథట�ȡ య�ĥ�śĺÂట½ȭ ĥారŧȴ ల అǻవృİ�ţ  మĸ�ంత ĽిšరĶ¸Ûన మĸ�య� పƔĵ�వవంతĶ¸Ûన 

ĴిలÌś ƿషȴ క¡ అనుమǳంǩంİ�. ĸ²ండవ పƔపంచ య�దţ సమయంలĐ, రȎాయన య�దţం నుంĬ� Ľ¿ౖǵక¡లను 

రǘ�ంచĬ�ǵĥ� ĦాŪɂ మ�ɂŐ లలĐ య�ĥ�śĺÂట½ȭ ĥారŧȴ ను ఉపȂĦ�ంĨ�ర . 

 1970ల¡: పĸాŪవరణ ǵబంధనల¡ మĸ�య� Ƕట� ĥాల¡షŪంĳ¿ౖ ĳ¿ర గ�త§నŤ అవĦాహన మ�ǵĽపిȽ Ƕట� 

ȉİ�ţ  మĸ�య� Ƿాĸ�ĻƘా ǽక పƔĥ�ƘయలలĐ య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴిలÌś ƿషȴ ȁకŐ ȇసŠ ృత Ľీŵకరణక¡ İ�ĸ�ǴĽింİ�. 



 ĲÂట� ĸĆǯ: అధుĲ�తన తయ�ĸ� పదţత§ల¡ మĸ�య� ȉదţĶ̧Ûన Ƕట� అవసరం ĳ¿రగడం య�ĥ�śĺÂట½ȭ ĥారŧȴ 

ఉతťǳŠ  మĸ�య� ȇǵȂĦాǵŤ మĸ�ంత Ķ¸ర గ�పĸ�Ĩ�ķ, ఇİ� ఆధుǵక ĴలిÌś ƿషȴ వŪవసšలక¡ 

మ¢లసŠంభంĦా మ�ĸ�ంİ�. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Importance in Wastewater Treatment 
Activated carbon filtration plays a critical role in wastewater treatment due to its eƯectiveness in 
removing a variety of pollutants. Its importance can be highlighted through several key points: 

 

Broad Contaminant Removal: Activated carbon can adsorb a wide range of organic and inorganic 
substances, including dyes, phenols, pharmaceuticals, and endocrine-disrupting chemicals, 
which are often diƯicult to remove through conventional treatment methods. 

 

Reduction of Odors and Taste: It eƯectively removes compounds that cause unpleasant tastes and 
odors in water, enhancing the quality of the treated water. 

 

Chemical and Pesticide Removal: Activated carbon is particularly eƯicient at removing pesticides, 
herbicides, and industrial chemicals, which are common contaminants in wastewater due to 
agricultural and industrial activities. 

 

Protection of Ecosystems: By treating wastewater before it is discharged into natural water bodies, 
activated carbon filtration helps protect aquatic ecosystems from harmful pollutants. 

 

Regulatory Compliance: Many regulatory frameworks, such as the U.S. Environmental Protection 
Agency (EPA) standards, require the removal of specific contaminants from wastewater, which 
activated carbon can achieve eƯectively. 

 

Enhanced EƯiciency of Treatment Plants: Integrating activated carbon filtration into wastewater 
treatment plants enhances the overall eƯiciency of the treatment process, ensuring higher quality 
eƯluent and reducing the burden on subsequent treatment stages. 

 

In summary, activated carbon filtration is a vital technology in the field of water and wastewater 
treatment, oƯering versatile and eƯicient solutions for removing contaminants and protecting both 
human health and the environment. 

 

 

 

Activated carbon, also known as activated charcoal, is a highly porous material with a large surface 
area, making it an excellent adsorbent for a wide range of contaminants. There are several types of 



activated carbon, each with specific characteristics and applications. The primary types include 
Granular Activated Carbon (GAC), Powdered Activated Carbon (PAC), and Extruded or Pelletized 
Activated Carbon. Here are the details on each type: 

 

వŪరš జల�ల ȉİ�ţలĐ ǷƔా మ�ఖŪత 

ȇȇధ ĥాల¡షŪ ĥారĥాలను ĮúలĦ�ంచడంలĐ İ�ǵ Ȏామరšƺం ĥారణంĦా వŪరš జల�ల ȉİ�ţలĐ య�ĥ�śĺÂట½ȭ ĥారŧȴ 

ĴిలÌś ƿషȴ ĥ�లక ǷాతƔ Ƿč ļిసుŠ ంİ�. İ�ǵ ǷƔా మ�ఖŪతను అĲÂక మ�ఖŪĶ̧Ûన అంĻాల İ�ŵĸా ľÁêల»ౖȫ ĨేయవచుŖ: 

 ȇసŠృత ĥాల¡షŪ ĥారĥాల ĮúలĦ�ంప­: య�ĥ�śĺÂట½ȭ ĥారŧȴ రంగ�ల¡, ĴĲిċȽŸ, ఔషı�ల¡ మĸ�య� ఎంĬోĥ²ÓŰȴ-

Ĭ�సƔĳిśంȣ రȎాయĲ�లĮČ సȏ అĲÂక ĽÐంİ�Ɣయ మĸ�య� అకరŧన పİ�ĸాţ లను అı�ĻĒషణం Ĩయేగలదు, 

Ȉట�ǵ ȎాంపƔİ�య ǩĥ�Į�Ÿ పదţత§ల İ�ŵĸా ĮúలĦ�ంచడం తరచుĦా కషśం. 

 ĺాసనల¡ మĸ�య� ర ǩ తĦ�œంప­: ఇİ� Ƕట�లĐ అసహŪకరĶ¸Ûన ర చుల¡ మĸ�య� ĺాసనలను కȃĦ�ంĨ ే

సĶÉũళĲ�లను సమరšవంతంĦా ĮúలĦ�సుŠ ంİ�, తİ�ŵĸా ȉİ�ţ  ĨేĽని Ƕట� Ĳ�ణŪతను ĳ¿ంచుత§ంİ�. 

 రȎాయĲ�ల¡ మĸ�య� ప­ర గ�మందుల ĮúలĦ�ంప­: వŪవȎాయ మĸ�య� Ƿాĸ�ĻƘా ǽక ĥారŪకల�Ƿాల 

ĥారణంĦా వŪరš జల�లలĐ Ȏాı�రణ ĥాల¡షŪ ĥారĥాల¡Ħా ఉంĬే ప­ర గ�మందుల¡, కల¡ప­ సంȏరĥాల¡ 

మĸ�య� Ƿాĸ�ĻƘా ǽక రȎాయĲ�లను ĮúలĦ�ంచడంలĐ య�ĥ�śĺÂట½ȭ ĥారŧȴ పƔĮŪేకంĦా సమరšవంతంĦా 

ఉంట�ంİ�. 

 పĸాŪవరణ వŪవసšల రǖణ: సహజ జల వనర లలĐĥ� ȇడ¦దల ĨేయĬ�ǵĥ� మ�ందు వŪరš జల�లను ȉİ�ţ  

Ĩేయడం İ�ŵĸా, య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴలిÌś ƿషȴ ȏǵకరĶ¸Ûన ĥాల¡షŪ ĥారĥాల నుంĬ� జల పĸాŪవరణ 

వŪవసšలను రǘ�ంచĬ�ǵĥ� సȏయపడ¦త§ంİ�. 

 ǵయంతƔణ అనుగ�ణŪత: య�.ఎɂ. ఎǵŵĸాȴ Ķ¸ంటȽ Ƿû Ɣ ట½ǖȴ ఏజ²ǶŸ (EPA) పƔమ�ణ�ల వంట� అĲÂక 

ǵయంతƔణ చట�Ɣ ల¡, వŪరš జల�ల నుంĬ� ǵĸ�Ţషś ĥాల¡షŪ ĥారĥాలను ĮúలĦ�ంచడం అవసరం, İ�ǵǵ య�ĥ�śĺÂట½ȭ 

ĥారŧȴ సమరšవంతంĦా Ȏాı�ంచగలదు. 

 ȉİ�ţ  కĸాũĦాĸాల Ķ̧ర Ħ²Óన Ȏామరšƺం: వŪరš జల�ల ȉİ�ţ  కĸాũĦాĸాలలĐ య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴిలÌś ƿషȴ ను 

అనుసంı�ǵంచడం ǩĥ�Į�Ÿ పƔĥ�Ƙయ ȁకŐ ǿతŠం Ȏామĸాš ƺǵŤ ĳ¿ంచుత§ంİ�, అı�క Ĳ�ణŪత గల వŪరš 

జల�లను ǵĸాţ ĸ�సుŠ ంİ� మĸ�య� తదుపĸ� ǩĥ�Į�Ÿ దశలĳ¿ ౖĵ�ĸాǵŤ తĦ�œసుŠ ంİ�. 

ȎాĸాంశంలĐ, య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴలిÌś ƿషȴ అĲÂİ� Ƕర  మĸ�య� వŪరš జల�ల ȉİ�ţ  రంగంలĐ ఒక మ�ఖŪĶ¸Ûన 

ȎాంĥÃǳకత, ఇİ� ĥాల¡షŪ ĥారĥాలను ĮúలĦ�ంచĬ�ǵĥ� మĸ�య� మ�నవ ఆĸĆగŪం మĸ�య� పĸాŪవరణ�ǵŤ 

రǘ�ంచĬ�ǵĥ� బహ¯మ�ఖ మĸ�య� సమరšవంతĶ¸Ûన పĸ�ȍాŐĸాలను అంİ�సుŠ ంİ�. 



య�ĥ�śĺÂట½ȭ ĥారŧȴ రĥాల¡ 

య�ĥ�śĺÂట½ȭ ĥారŧȴ, య�ĥ�śĺÂట½ȭ బý గ�œ  అǵ క¥Ĭ� ĳిల¡ȎాŠ ర , ఇİ� ĳ¿దŢ  ఉపĸ�తల ĺ±ĻౖాలŪంĮČ క¥Ĭ�న అతŪంత Ƿč రɂ 

పİ�రšం, ఇİ� అĲÂక రĥాల ĥాల¡షŪ ĥారĥాలక¡ అదుŨతĶ¸Ûన అı�ĻĒషకం. పƔǳ ఒకŐట� ǵĸ�Ţషś లǖణ�ల¡ మĸ�య� 

అనువరŠĲ�లĮČ అĲÂక రĥాల య�ĥ�śĺÂట½ȭ ĥారŧȴ ఉĲ�Ťķ. ǷƔా థǽక రĥాల¡ ĦƘా నుŪలȻ య�ĥ�śĺÂట½ȭ ĥారŧȴ (GAC), 

ǷĝడȻŝ య�ĥ�śĺÂట½ȭ ĥారŧȴ (PAC) మĸ�య� ఎȡŸ ట£Ɣ Ĭȭె లÌİ� ĳ¿ల»ų ట½Ȩౖŝ  య�ĥ�śĺÂట½ȭ ĥారŧȴ. పƔǳ రకం గ�ĸ�ంǩ 

ȇవĸాల¡ ఇకŐడ ఉĲ�Ťķ: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Granular Activated Carbon (GAC) 

Description: 
 

Granular Activated Carbon consists of larger particles compared to powdered activated carbon. 

The granules typically range in size from 0.2 to 5 mm. 

Characteristics: 

 

High surface area due to large pore volume. 

Provides low resistance to flow, making it suitable for use in fixed-bed adsorbers. 

Suitable for repeated regeneration and reuse. 

Applications: 

 

Water Treatment: Widely used in municipal and industrial water purification processes to remove 
organic contaminants, chlorine, and odors. 

Air Purification: Utilized in air filtration systems to remove volatile organic compounds (VOCs) and 
other pollutants. 

Food and Beverage Industry: Employed in decolorization, deodorization, and impurity removal from 
liquids. 

Powdered Activated Carbon (PAC) 

Description: 

 

Powdered Activated Carbon consists of fine particles, typically less than 0.18 mm in size (80-325 
mesh). 

Characteristics: 

 

High surface area per unit mass due to small particle size. 

Higher adsorption rates compared to GAC due to larger exposed surface area. 

Typically used in a batch process or for intermittent use rather than continuous flow systems. 

Applications: 



 

Water Treatment: Often added directly to water or wastewater to adsorb impurities before filtration. 

Air Purification: Used in air purifiers and masks to remove harmful gases and odors. 

Chemical Processing: Helps in the removal of impurities from solutions in various chemical 
processes. 

Pharmaceuticals: Utilized in the purification of raw materials and products. 

Extruded or Pelletized Activated Carbon 

Description: 

 

Extruded or Pelletized Activated Carbon is made by combining powdered activated carbon with a 
binder and extruding it into cylindrical pellets with diameters ranging from 0.8 to 5 mm. 

Characteristics: 

 

High mechanical strength and low dust generation due to the binder and pellet form. 

Uniform shape and size provide consistent flow and low-pressure drop in adsorption systems. 

Often has higher density and more surface area per unit volume compared to GAC. 

Applications: 

 

Gas Phase Applications: Commonly used in gas treatment processes, including air purification, 
solvent recovery, and gas masks. 

Water Treatment: Employed in fixed-bed adsorbers for removing contaminants from water and 
wastewater. 

Industrial Processes: Utilized in various industrial applications for the purification of gases and 
liquids. 

Summary 

Each type of activated carbon—GAC, PAC, and Extruded or Pelletized—has distinct characteristics 
making them suitable for diƯerent applications. GAC is preferred for water and air treatment where 
low resistance to flow and the ability to regenerate are essential. PAC is ideal for applications 
requiring rapid adsorption due to its fine particle size, such as water and air purification in batch 
processes. Extruded or Pelletized Activated Carbon is favored in gas phase applications and 
industrial processes requiring high mechanical strength and low dust generation. 

 



Understanding the specific requirements of an application helps in selecting the appropriate type 
of activated carbon for optimal performance. 

 

ĦాƘ నుŪలȻ య�ĥ�śĺÂట½ȭ ĥారŧȴ (GAC) 

ȇవరణ: 

 ĦƘా నుŪలȻ య�ĥ�śĺÂట½ȭ ĥారŧȴ, ǷĝడȻŝ య�ĥ�śĺÂట½ȭ ĥారŧȴ కంటÎ ĳ¿దŢ  కణ�లను కȃĦ� ఉంట�ంİ�. 

 ఈ ĸÃణ�వ­ల¡ Ȏాı�రణంĦా 0.2 నుంĬ� 5 ǽǾ పĸ�మ�ణంలĐ ఉంట�ķ. 

లǖణ�ల¡: 

 ĳ¿దŢ  రంı�Ɣ ల పĸ�మ�ణం ĥారణంĦా అı�క ఉపĸ�తల ĺ±ĻౖాలŪం కȃĦ� ఉంట�ంİ�. 

 పƔĺాȏǵĥ� తక¡Őవ ǵĸĆధకతను అంİ�సుŠ ంİ�, ఇİ� Ľిšర-Ƿû ర అı�ĻĒషĥాలలĐ ఉపȂĦ�ంచĬ�ǵĥ� 

అనుక¥లంĦా ఉంట�ంİ�. 

 ప­నĸావృత ప­నర తťǳŠ  మĸ�య� ప­నĸ�ŵǵȂĦాǵĥ� అనుక¥లంĦా ఉంట�ంİ�. 

అనువరŠĲ�ల¡: 

 Ƕట� ȉİ�ţ : ĽÐంİ�Ɣయ ĥాల¡షŪ ĥారĥాల¡, ĥąų ĸ�ȴ మĸ�య� ĺాసనలను ĮúలĦ�ంచĬ�ǵĥ� మ�ǵĽపిȽ మĸ�య� 

Ƿాĸ�ĻƘా ǽక Ƕట� ȉİ�ţ  పƔĥ�ƘయలలĐ ȇసŠ ృతంĦా ఉపȂĦ�ంచబడ¦త§ంİ�. 

 Ħాȃ ȉİ�ţ : అĽిšర ĽÐంİ�Ɣయ సĶÉũళĲ�ల¡ (VOCల¡) మĸ�య� ఇతర ĥాల¡షŪ ĥారĥాలను ĮúలĦ�ంచĬ�ǵĥ� 

Ħాȃ వడǷč త వŪవసšలలĐ ఉపȂĦ�ంచబడ¦త§ంİ�. 

 ఆȏరం మĸ�య� ǷాǶయ�ల పĸ�శƘమ: దƔĺాల నుంĬ� రంగ� మ�రŖడం, ĺాసన ĮúలĦ�ంచడం మĸ�య� 

మȃĲ�లను ĮúలĦ�ంచడంలĐ ఉపȂĦ�ంచబడ¦త§ంİ�. 

ǷĝడȻŝ య�ĥ�śĺÂట½ȭ ĥారŧȴ (PAC) 

ȇవరణ: 

 ǷĝడȻŝ య�ĥ�śĺÂట½ȭ ĥారŧȴ చకŐట� కణ�లను కȃĦ� ఉంట�ంİ�, Ȏాı�రణంĦా 0.18 ǽǾ కంటÎ తక¡Őవ 

పĸ�మ�ణంలĐ ఉంట�ంİ� (80-325 ĶɁ̧). 

లǖణ�ల¡: 

 ǩనŤ కణ పĸ�మ�ణం ĥారణంĦా య¢ǵȫ దƔవŪĸాȋĥ� అı�క ఉపĸ�తల ĺ±ĻౖాలŪం కȃĦ� ఉంట�ంİ�. 



 ĳ¿దŢ  బľ�రœత ఉపĸ�తల ĺ±ౖĻాలŪం ĥారణంĦా GAC కంటÎ అı�క అı�ĻĒషణ ĸÃట�ų  కȃĦ� ఉంట�ంİ�. 

 Ȏాı�రణంĦా ǵరంతర పƔĺాహ వŪవసšల కంటÎ బ�ŪȦ పƔĥ�ƘయలĐ లÌİ� అడǷాదడǷా ఉపȂగం ĥąసం 

ఉపȂĦ�ȎాŠ ర . 

అనువరŠĲ�ల¡: 

 Ƕట� ȉİ�ţ : వడǷč తక¡ మ�ందు మȃĲ�లను అı�ĻĒషణం ĨయేĬ�ǵĥ� తరచుĦా ĲÂర Ħా Ƕర  లÌİ� వŪరš 

జల�లక¡ కల¡ప­Į�ర . 

 Ħాȃ ȉİ�ţ : ȏǵకరĶ¸Ûన ĺాయ�వ­ల¡ మĸ�య� ĺాసనలను ĮúలĦ�ంచĬ�ǵĥ� ఎķȻ ప®Ūĸ�Ĵ¿యౖర ų  మĸ�య� 

మ�సుగ�లలĐ ఉపȂĦ�ȎాŠ ర . 

 రȎాయన ǷƔా Ľ¿Ľింȣ: ȇȇధ రȎాయన పƔĥ�ƘయలలĐ İ�Ɣ వణ�ల నుంĬ� మȃĲ�లను ĮúలĦ�ంచడంలĐ 

సȏయపడ¦త§ంİ�. 

 ఔషı�ల¡: మ�Ĭ� పİ�ĸాš ల¡ మĸ�య� ఉతťత§Š ల ȉİ�ţలĐ ఉపȂĦ�ȎాŠ ర . 

ఎȡŸ ట£Ɣ Ĭȭె లÌİ� ĳ¿ల»ų ట½ౖȨŝ  య�ĥ�śĺÂట½ȭ ĥారŧȴ 

ȇవరణ: 

 ǷĝడȻŝ య�ĥ�śĺÂట½ȭ ĥారŧȴ ను బ·ౖండȻ ĮČ కȃĳి, 0.8 నుంĬ� 5 ǽǾ ĺాŪసం కȃĦ�న సూš Ƿాĥార గ�ȅకల¡Ħా 

ఎȡŸ ట£Ɣ ȭ Ĩయేడం İ�ŵĸా ఎȡŸ ట£Ɣ Ĭెȭ లÌİ� ĳ¿ల»ų ట½Ȩౖŝ  య�ĥ�śĺÂట½ȭ ĥారŧȴ తయ�ర  Ĩయేబడ¦త§ంİ�. 

లǖణ�ల¡: 

 బ·ౖండȻ మĸ�య� గ�ȅక ర¤పం ĥారణంĦా అı�క య�ంǳƔక బలం మĸ�య� తక¡Őవ దుమ�ũ ఉతťǳŠǵ కȃĦ� 

ఉంట�ంİ�. 

 ఏకĸ�ǳ ఆĥారం మĸ�య� పĸ�మ�ణం అı�ĻĒషణ వŪవసšలలĐ ĽిšరĶ¸Ûన పƔĺాహం మĸ�య� తక¡Őవ ĳీడన 

Ĭ�Ɣ ȵ ను అంİ�ȎాŠ ķ. 

 GAC కంటÎ తరచుĦా అı�క ȎాందƔత మĸ�య� య¢ǵȫ ĺాల¥Ūȹ క¡ ఎక¡Őవ ఉపĸ�తల ĺ±ౖĻాల�ŪǵŤ కȃĦ� 

ఉంట�ంİ�. 

అనువరŠĲ�ల¡: 

 ĺాయ� దశ అనువరŠĲ�ల¡: Ħాȃ ȉİ�ţ , İ�Ɣ వకం ప­నర దţరణ మĸ�య� ĦాŪɂ మ�ɂŐ లĮČ సȏ ĺాయ� ȉİ�ţ  

పƔĥ�ƘయలలĐ Ȏాı�రణంĦా ఉపȂĦ�ȎాŠ ర . 



 Ƕట� ȉİ�ţ : Ƕర  మĸ�య� వŪరš జల�ల నుంĬ� ĥాల¡షŪ ĥారĥాలను ĮúలĦ�ంచĬ�ǵĥ� Ľిšర-Ƿû ర అı�ĻĒషĥాలలĐ 

ఉపȂĦ�ȎాŠ ర . 

 Ƿాĸ�ĻƘా ǽక పƔĥ�Ƙయల¡: ĺాయ�వ­ల¡ మĸ�య� దƔĺాల ȉİ�ţ  ĥąసం ȇȇధ Ƿాĸ�ĻƘా ǽక అనువరŠĲ�లలĐ 

ఉపȂĦ�ȎాŠ ర . 

Ȏాĸాంశం 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ȁకŐ పƔǳ రకం - GAC, PAC మĸ�య� ఎȡŸ ట£Ɣ Ĭెȭ లÌİ� ĳ¿ల»ų ట½Ȩౖŝ  - ȇǻనŤ లǖణ�లను కȃĦ� 

ఉంట�ķ, ఇȇ ȇȇధ అనువరŠĲ�లక¡ అనుక¥లంĦా ఉంట�ķ. పƔĺాȏǵĥ� తక¡Őవ ǵĸĆధకత మĸ�య� ప­నర తťǳŠ  

Ȏామరšƺం అవసరమķÊŪ Ƕర  మĸ�య� Ħాȃ ȉİ�ţ  ĥąసం GAC ǷƔా ı�నŪతǵసుŠ ంİ�. బ�ŪȦ పƔĥ�ƘయలలĐ Ƕర  మĸ�య� 

Ħాȃ ȉİ�ţ  వంట� చకŐట� కణ పĸ�మ�ణం ĥారణంĦా ĺÂగవంతĶ¸Ûన అı�ĻĒషణం అవసరమķÊŪ అనువరŠĲ�లక¡ PAC 

అనుక¥లంĦా ఉంట�ంİ�. అı�క య�ంǳƔక బలం మĸ�య� తక¡Őవ దుమ�ũ ఉతťǳŠ  అవసరమķÊŪ ĺాయ� దశ 

అనువరŠĲ�ల¡ మĸ�య� Ƿాĸ�ĻƘా ǽక పƔĥ�ƘయలలĐ ఎȡŸ ట£Ɣ Ĭెȭ లÌİ� ĳ¿ల»ų ట½ౖȨŝ  య�ĥ�śĺÂట½ȭ ĥారŧȴ ǷƔా ı�నŪతǵసుŠ ంİ�. 

ఒక అనువరŠనం ȁకŐ ǵĸ�Ţషś అవసĸాలను అరšం Ĩేసుĥąవడం సĸ²Óన పǵǴర  ĥąసం తĦ�న రకం య�ĥ�śĺÂట½ȭ 

ĥారŧȴ ను ఎంచుĥąవĬ�ǵĥ� సȏయపడ¦త§ంİ�. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Production and Properties of Activated Carbon 

1. Raw Materials for Production 
 

Activated carbon is produced from various carbon-rich organic materials. The most common raw 
materials include: 

 

Coconut Shells: Preferred for their high density and hardness, producing activated carbon with high 
adsorption capacity. 

Wood: Produces activated carbon with a high degree of meso and macropores. 

Coal (Bituminous, Anthracite, Lignite): Yields activated carbon with a range of pore sizes and high 
adsorption properties. 

Peat: Provides activated carbon with specific pore structures useful in certain applications. 

Petroleum Pitch: Produces activated carbon with uniform pore size distribution. 

Agricultural Byproducts (e.g., corn cob, rice husk): Provide a sustainable and low-cost raw material 
source. 

 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ȁకŐ ఉతťǳŠ  మĸ�య� లǖణ�ల¡ 

1. ఉతťǳŠĥ� మ�Ĭ� పİ�ĸాš ల¡ 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ȇȇధ ĥారŧȴ-ĸ�Ȧ ĽÐంİ�Ɣయ పİ�ĸాš ల నుంĬ� ఉతťǳŠ  Ĩేయబడ¦త§ంİ�. Ȏాı�రణ మ�Ĭ� 

పİ�ĸాš ల¡: 

 ĥóబŧĸ� ǩపťల¡: అı�క ȎాందƔత మĸ�య� దృఢతŵం ĥారణంĦా ǷƔా ı�నŪతǵȎాŠ ķ, అı�క అı�ĻĒషణ 

ȎామరšƺంĮČ య�ĥ�śĺÂట½ȭ ĥారŧȴ ను ఉతťǳŠ  ĨేȎాŠ ķ. 

 ĨెకŐ: Ķ¸Ȏč  మĸ�య� మ�ĥąƘ Ƿč ȻŸ అı�క Ȏాš ķలĐ య�ĥ�śĺÂట½ȭ ĥారŧȴ ను ఉతťǳŠ  ĨసేుŠ ంİ�. 

 బý గ�œ  (ǹట�ǽనɂ, ఆంĮ�Ɣ Ľ¿ౖȫ, ȃĦ²ÓŤȫ): రంı�Ɣ ల పĸ�మ�ణ�ల ĻÑƘణ� మĸ�య� అı�క అı�ĻĒషణ లǖణ�లĮČ 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ను ఉతťǳŠ  ĨసేుŠ ంİ�. 

 ĳీȫ: ĥóǵŤ అనువరŠĲ�లలĐ ఉపȂగపĬే ǵĸ�Ţషś రంధƔ ǵĸాũణ�లĮČ య�ĥ�śĺÂట½ȭ ĥారŧȴ ను అంİ�సుŠ ంİ�. 



 ĳ¿టĊƔ ȃయం ĳిȦ: ఏకĸ�ǳ రంధƔ పĸ�మ�ణ పంĳిణ�ĮČ య�ĥ�śĺÂట½ȭ ĥారŧȴ ను ఉతťǳŠ  ĨసేుŠ ంİ�. 

 వŪవȎాయ ఉప ఉతťత§Š ల¡ (ఉİ�., ǿకŐజõనŤ కంĬెల¡, వĸ� ఊక): ĽిšరĶ¸Ûన మĸ�య� తక¡Őవ-ధర మ�Ĭ� 

పİ�రš వనర ను అంİ�ȎాŠ ķ. 

 

2. Activation Processes 
 

Activated carbon can be produced through two primary activation processes: physical activation 
and chemical activation. 

 

Physical Activation: 

 

Carbonization: The raw material is heated in an inert atmosphere (usually nitrogen) at temperatures 
ranging from 600°C to 900°C. This process removes volatile components and produces a char. 

Activation/Oxidation: The char is further heated at temperatures between 800°C and 1100°C in the 
presence of oxidizing gases such as steam or carbon dioxide. This step develops the porous 
structure by removing remaining volatile substances and opening up the carbon structure. 

Chemical Activation: 

 

Impregnation: The raw material is impregnated with chemical activating agents such as phosphoric 
acid (H₃PO₄), potassium hydroxide (KOH), or zinc chloride (ZnCl₂). These chemicals act as 
dehydrating agents and help in breaking down the structure to create a porous network. 

Carbonization: The impregnated material is then heated at lower temperatures (400°C to 700°C) 
compared to physical activation. The chemical agents facilitate the development of a porous 
structure without the need for a separate activation step. 

 

2. య�ĥ�śĺÂషȴ పƔĥ�Ƙయల¡ 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ను ĸ²ండ¦ ǷƔా థǽక య�ĥ�śĺÂషȴ పƔĥ�Ƙయల İ�ŵĸా ఉతťǳŠ  ĨయేవచుŖ: ĵĞǳక య�ĥ�śĺÂషȴ 

మĸ�య� రȎాయన య�ĥ�śĺÂషȴ. 

ĵĞǳక య�ĥ�śĺÂషȴ: 



 ĥారŧĲ±జౖÃషȴ: మ�Ĭ� పİ�ĸాš ǵŤ 600°C నుంĬ� 900°C వరక¡ ఉȍčş గƘతల వదŢ  జడ ĺాĮ�వరణంలĐ 

(Ȏాı�రణంĦా నతƔజǵ) ĺÂĬ� ĨȎేాŠ ర . ఈ పƔĥ�Ƙయ అĽిšర ĵ�Ħాలను ĮúలĦ�సుŠ ంİ� మĸ�య� ఒక Ĩ�Ȼ (char)ను 

ఉతťǳŠ  ĨేసుŠ ంİ�. 

 య�ĥ�śĺÂషȴ/ఆĥ�Ÿకరణం: Ĩ�Ȼ (char) ను ఆȇĸ� లÌİ� ĥారŧȴ డయ�ĥ²ÓŸȭ వంట� ఆĥ�Ÿకరణ ĺాయ�వ­ల 

సమǖంలĐ 800°C మĸ�య� 1100°C మధŪ ఉȍčş గƘతల వదŢ మĸ�ంత ĺÂĬ� ĨేȎాŠ ర . ఈ దశ ǽĦ�ȃన అĽిšర 

పİ�ĸాţ లను ĮúలĦ�ంచడం మĸ�య� ĥారŧȴ ǵĸాũణ�ǵŤ Įరెవడం İ�ŵĸా Ƿč రɂ ǵĸాũణ�ǵŤ అǻవృİ�ţ  

ĨేసుŠ ంİ�. 

రȎాయన య�ĥ�śĺÂషȴ: 

 ఇంĳ¿ƔĦÃŤషȴ: మ�Ĭ� పİ�ĸాš ǵŤ ǸాȎč Ŧĸ�ȡ ఆమų ం (H₃PO₄), Ƿû ట�ļయిం ľÁêĬ�Ɣ ĥ²ÓŸȭ (KOH) లÌİ� ǭంȡ ĥąų ĸ²Óȭ 

(ZnCl₂) వంట� రȎాయన య�ĥ�śĺÂట�ంȣ ఏజ²ంటųĮČ ఇంĳ¿ƔĦÃŤȫ ĨేȎాŠ ర . ఈ రȎాయĲ�ల¡ Ĭ�ľÁêĬేƔట�ంȣ 

ఏజ²ంట�ų Ħా పǵĨేȎాŠ ķ మĸ�య� Ƿč రɂ Ĳ±ȫ వȻŐ ను సృļిśంచĬ�ǵĥ� ǵĸాũణ�ǵŤ ȇǩŗనŤం ĨేయడంలĐ 

సȏయపడĮ�ķ. 

 ĥారŧĲ±జౖÃషȴ: ĵĞǳక య�ĥ�śĺÂషȴ ĮČ Ƿč ȃĽÐŠ  ఇంĳ¿ƔĦÃŤȫ ĨయేబĬ�న పİ�ĸాš ǵŤ తక¡Őవ ఉȍčş గƘతల వదŢ 

(400°C నుంĬ� 700°C) ĺÂĬ� ĨేȎాŠ ర . రȎాయన ఏజ²ంట�ų  పƔĮేŪక య�ĥ�śĺÂషȴ దశ అవసరం లÌక¡ంĬ� Ƿč రɂ 

ǵĸాũణ�ǵŤ అǻవృİ�ţ  ĨయేĬ�ǵĥ� సȏయపడĮ�ķ. 

 

 

 

 

 

 

 

 

 

 

 

 



3. Physical Properties 
 

Surface Area: 

 

Activated carbon has an extremely high surface area, typically ranging from 500 to 1500 m²/g. The 
large surface area is crucial for adsorption processes. 

Pore Structure: 

 

Micropores (<2 nm): These small pores are essential for the adsorption of small molecules and 
gases. 

Mesopores (2-50 nm): These medium-sized pores are important for adsorbing larger molecules 
such as organic compounds. 

Macropores (>50 nm): These large pores provide pathways for adsorbate molecules to reach the 
micropores and mesopores. 

 

3. ĵĞǳక లǖణ�ల¡ 

ఉపĸ�తల ĺ±ౖĻాలŪం: 

 య�ĥ�śĺÂట½ȭ ĥారŧȴ Ĩ�ల� అı�క ఉపĸ�తల ĺ±Ļౖాల�ŪǵŤ కȃĦ� ఉంట�ంİ�, Ȏాı�రణంĦా 500 నుంĬ� 1500 

Ǿ²/ĦƘా  వరక¡ ఉంట�ంİ�. అı�ĻĒషణ పƔĥ�Ƙయలక¡ ĳ¿దŢ  ఉపĸ�తల ĺ±ĻౖాలŪం Ĩ�ల� ĥ�లకం. 

రంధƔ ǵĸాũణం: 

 Ķ̧ÛĥąƘ Ƿč ȻŸ (<2 nm): ఈ ǩనŤ రంı�Ɣ ల¡ ǩనŤ అణ�వ­ల¡ మĸ�య� ĺాయ�వ­ల అı�ĻĒషణక¡ అవసరం. 

 Ķ̧Ȏč Ƿč ȻŸ (2-50 nm): ĽÐంİ�Ɣయ సĶÉũళĲ�ల¡ వంట� ĳ¿దŢ  అణ�వ­లను అı�ĻĒļించĬ�ǵĥ� ఈ మధŪసš-

పĸ�మ�ణ రంı�Ɣ ల¡ మ�ఖŪĶ¸Ûనȇ. 

 మ�ĥąƘ Ƿč ȻŸ (>50 nm): ఈ ĳ¿దŢ  రంı�Ɣ ల¡ అı�ĻĒļిత అణ�వ­ల¡ Ķ¸ÛĥąƘ Ƿč ȻŸ మĸ�య� Ķ¸Ȏč Ƿč ȻŸ క¡ 

Ĩేర ĥąవĬ�ǵĥ� మ�ĸాœ లను అంİ�ȎాŠ ķ. 

 

 



4. Chemical Properties 
 

Surface Functional Groups: 

 

The chemical properties of activated carbon are largely defined by the functional groups present on 
its surface. These functional groups can be introduced or modified during the activation process 
and determine the carbon's aƯinity for diƯerent adsorbates. 

Common Surface Functional Groups: 

 

Hydroxyl Groups (-OH): Increase hydrophilicity and can enhance the adsorption of polar molecules. 

Carbonyl Groups (C=O): Play a role in adsorption interactions through polar attraction and 
hydrogen bonding. 

Carboxyl Groups (-COOH): Introduce acidic sites on the surface, which can attract basic 
molecules. 

Ether Groups (-O-): Contribute to the overall polarity of the activated carbon surface. 

Lactone Groups: Influence the carbon's interaction with both acidic and basic substances. 

 

4. రȎాయన లǖణ�ల¡ 

ఉపĸ�తల ĥ�Ƙయ�తũక సమ¢ȏల¡: 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ȁకŐ రȎాయన లǖణ�ల¡ İ�ǵ ఉపĸ�తలంĳ¿ౖ ఉంĬే ĥ�Ƙయ�తũక సమ¢ȏల İ�ŵĸా ఎక¡ŐవĦా 

ǵరŵǩంచబడĮ�ķ. ఈ ĥ�Ƙయ�తũక సమ¢ȏలను య�ĥ�śĺÂషȴ పƔĥ�ƘయలĐ పƔĺÂశĳ¿టśవచుŖ లÌİ� మ�రŖవచుŖ 

మĸ�య� ȇȇధ అı�ĻĒļిĮ�ల ĥąసం ĥారŧȴ ȁకŐ అనుబంı�ǵŤ ǵరşķȎాŠ ķ. 

Ȏాı�రణ ఉపĸ�తల ĥ�Ƙయ�తũక సమ¢ȏల¡: 

 ľÁêĬ�Ɣ ĥ�ŸȽ సమ¢ȏల¡ (-OH): ľÁêĬోƔĴిȃĽటి�ǵ ĳ¿ంచుĮ�ķ మĸ�య� ధుƔ వ అణ�వ­ల అı�ĻĒషణను 

ĳ¿ంచుĮ�ķ. 

 ĥాĸôŧǵȽ సమ¢ȏల¡ (C=O): ధుƔ వ ఆకరŷణ మĸ�య� ľÁêĬోƔజȴ బంధం İ�ŵĸా అı�ĻĒషణ పరసťర చరŪలలĐ 

ǷాతƔ Ƿč ļిȎాŠ ķ. 

 ĥాĸాŧĥ�ŸȽ సమ¢ȏల¡ (-COOH): ఉపĸ�తలంĳ¿ౖ ఆమų  Ľ¿ȫౖ లను పĸ�చయం ĨేȎాŠ ķ, ఇȇ ǷƔా థǽక 

అణ�వ­లను ఆకĸ�ŷంచగలవ­. 



 ఈథȻ సమ¢ȏల¡ (-O-): య�ĥ�śĺÂట½ȭ ĥారŧȴ ఉపĸ�తలం ȁకŐ ǿతŠం ధుƔ వణతక¡ İోహదం ĨేȎాŠ ķ. 

 ల�ĥąś ȴ సమ¢ȏల¡: ఆమų  మĸ�య� ǷƔా థǽక పİ�ĸాţ లĮČ ĥారŧȴ పరసťర చరŪను పƔĵ�ȇతం ĨేȎాŠ ķ. 

 

Other Chemical Properties: 
 

pH of the Carbon Surface: Activated carbon can be either acidic or basic depending on the nature 
of the surface groups. 

Ash Content: The presence of inorganic impurities which can aƯect the adsorption properties. 

Volatile Matter: Residual volatile compounds from the raw material or activation process. 

Activated carbon's eƯectiveness in various applications, such as water purification, air filtration, 
and chemical recovery, is a result of its well-developed porous structure and the presence of 
functional groups that interact with a wide range of substances. 

 

 

ఇతర రȎాయన లǖణ�ల¡: 

 ĥారŧȴ ఉపĸ�తలం ȁకŐ pH: య�ĥ�śĺÂట½ȭ ĥారŧȴ ఉపĸ�తల సమ¢ȏల సŵĵ�ĺాǵŤ బట�ś  ఆమų  లÌİ� 

ǘ�రంĦా ఉంట�ంİ�. 

 బ¢Ĭ�ద Ļాతం: అకరŧన మȃĲ�ల ఉǵĥ� అı�ĻĒషణ లǖణ�లను పƔĵ�ȇతం ĨసేుŠ ంİ�. 

 అĽిšర పİ�రšం: మ�Ĭ� పİ�రšం లÌİ� య�ĥ�śĺÂషȴ పƔĥ�Ƙయ నుంĬ� అవĻÑష అĽిšర సĶÉũళĲ�ల¡. 

Ƕట� ȉİ�ţ , Ħాȃ వడǷč త మĸ�య� రȎాయన ప­నర దţరణ వంట� ȇȇధ అనువరŠĲ�లలĐ య�ĥ�śĺÂట½ȭ ĥారŧȴ ȁకŐ 

పƔĵ�వం İ�ǵ బ�Ħా అǻవృİ�ţ  Ĩెంİ�న Ƿč రɂ ǵĸాũణం మĸ�య� అĲÂక రĥాల పİ�ĸాţ లĮČ సంకరŷణ Ĩెంİే ĥ�Ƙయ�తũక 

సమ¢ȏల ఉǵĥ� ȁకŐ ఫȃతం. 

 

 

 

 

 

 



Mechanisms of Activated Carbon Filtration 
Activated carbon filtration is a common method used for purifying liquids and gases. The 
eƯectiveness of this process is primarily due to the adsorption properties of activated carbon. Here 
is a detailed look at the key mechanisms and principles involved: 

 

Adsorption Principles 
Adsorption is the process by which molecules from a fluid (liquid or gas) adhere to the surface of a 
solid (activated carbon). This occurs through physical forces (van der Waals forces) and sometimes 
chemical interactions. Activated carbon has a high surface area due to its porous structure, which 
makes it an excellent adsorbent. 

 

Physical Adsorption: This involves weak van der Waals forces and does not alter the chemical 
nature of the adsorbate. It is generally reversible. 

Chemical Adsorption (Chemisorption): Involves stronger chemical bonds and can result in the 
formation of a new chemical compound. This is usually not reversible. 

Factors AƯecting Adsorption 

Several factors influence the adsorption capacity and eƯiciency of activated carbon: 

 

pH: The pH of the solution can aƯect the ionization state of the adsorbate and the surface charge of 
the activated carbon. For instance, acidic conditions can enhance the adsorption of basic 
compounds and vice versa. 

Temperature: Adsorption is typically exothermic. Higher temperatures can decrease the adsorption 
capacity because they can provide energy for the adsorbed molecules to desorb from the activated 
carbon surface. 

Contact Time: The longer the fluid is in contact with the activated carbon, the more adsorption 
occurs. However, this follows a saturation curve, where after a certain point, increasing contact 
time yields minimal additional adsorption. 

Concentration of Adsorbate: Higher concentrations of adsorbate can increase the adsorption rate, 
but the capacity of the activated carbon will eventually be reached. 

Surface Area and Pore Structure of Activated Carbon: A larger surface area and a well-developed 
pore structure enhance adsorption. Micropores are especially important for adsorbing smaller 
molecules. 

Adsorption Isotherms 



Adsorption isotherms describe how adsorbates interact with the adsorbent at a constant 
temperature. Two commonly used isotherms are the Langmuir and Freundlich isotherms. 

 

Langmuir Isotherm: This model assumes monolayer adsorption onto a surface with a finite number 
of identical sites. The Langmuir equation is: 

 

 

 

Where: 

 

𝑞𝑒  is the amount of adsorbate adsorbed per unit weight of adsorbent (mg/g). 

q m   is the maximum adsorption capacity (mg/g). 

𝐾𝐿  is the Langmuir constant related to the aƯinity of the binding sites (L/mg). 

𝐶𝑒   is the equilibrium concentration of adsorbate in the solution (mg/L). 

This isotherm implies that once a site is occupied, no further adsorption can occur at that site, 
leading to a monolayer adsorption. 

 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴిలÌś ƿషȴ ȁకŐ యంĮ�Ɣ ంĦాల¡ 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴలిÌś ƿషȴ అĲÂİ� దƔĺాల¡ మĸ�య� ĺాయ�వ­లను ȉİ�ţ  ĨయేĬ�ǵĥ� ఉపȂĦ�ంĨ ేఒక Ȏాı�రణ 

పదţǳ. ఈ పƔĥ�Ƙయ ȁకŐ పƔĵ�వం పƔı�నంĦా య�ĥ�śĺÂట½ȭ ĥారŧȴ ȁకŐ అı�ĻĒషణ లǖణ�ల వలų  ఉంట�ంİ�. 

ఇందులĐ Ƿాలþœ నŤ ĥ�లక యంĮ�Ɣ ంĦాల¡ మĸ�య� సూĮ�Ɣ లను ఇకŐడ ȇవరంĦా పĸ�Ȍȃİ�Ţ ం: 

అı�ĻĒషణ సూĮ�Ɣ ల¡ 

అı�ĻĒషణం అĲÂİ� ఒక దƔవం (దƔవం లÌİ� ĺాయ�వ­) నుంĬ� అణ�వ­ల¡ ఒక ఘన (య�ĥ�śĺÂట½ȭ ĥారŧȴ) 

ఉపĸ�తల�ǵĥ� అత§క¡ŐĲÂ పƔĥ�Ƙయ. ఇİ� ĵĞǳక శక¡Š ల (ĺాȴ ĬెȻ ĺాȽŸ శక¡Š ల¡) మĸ�య� ĥóǵŤȎార ų  రȎాయన 

పరసťర చరŪల İ�ŵĸా జర గ�త§ంİ�. య�ĥ�śĺÂట½ȭ ĥారŧȴ İ�ǵ Ƿč రɂ ǵĸాũణం ĥారణంĦా అı�క ఉపĸ�తల 

ĺ±ౖĻాల�ŪǵŤ కȃĦ� ఉంట�ంİ�, ఇİ� అదుŨతĶ¸Ûన అı�ĻĒషకంĦా మ�ర త§ంİ�. 



 ĵĞǳక అı�ĻĒషణం: ఇİ� బలľ�నĶ¸Ûన ĺాȴ ĬెȻ ĺాȽŸ శక¡Š లను కȃĦ� ఉంట�ంİ� మĸ�య� అı�ĻĒļతిం 

ȁకŐ రȎాయన సŵĵ�ĺాǵŤ మ�రŖదు. ఇİ� Ȏాı�రణంĦా ĸ�వĸ�Ÿబ�Ƚ. 

 రȎాయన అı�ĻĒషణం (ĥ²ǽȎč రƍǆȴ): బలĶ¸Ûన రȎాయన బంı�లను కȃĦ� ఉంట�ంİ� మĸ�య� ĥóతŠ  రȎాయన 

సĶÉũళనం ఏరťడట�ǵĥ� İ�ĸ�ǴసుŠ ంİ�. ఇİ� Ȏాı�రణంĦా ĸ�వĸ�Ÿబ�Ƚ ĥాదు. 

అı�ĻĒషణను పƔĵ�ȇతం ĨĽేÐ అంĻాల¡ 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ȁకŐ అı�ĻĒషణ Ȏామరšƺం మĸ�య� Ȏామĸాš ƺǵŤ అĲÂక అంĻాల¡ పƔĵ�ȇతం ĨేȎాŠ ķ: 

 pH: İ�Ɣ వణం ȁకŐ pH అı�ĻĒļతిం ȁకŐ అȂĲ±జౖÃషȴ Ľిšǳǵ మĸ�య� య�ĥ�śĺÂట½ȭ ĥారŧȴ ȁకŐ 

ఉపĸ�తల ĩ�ȻŘ ను పƔĵ�ȇతం ĨసేుŠ ంİ�. ఉİ�హరణక¡, ఆమų  పĸ�Ľిšత§ల¡ ǷƔా థǽక సĶÉũళĲ�ల అı�ĻĒషణను 

ĳ¿ంచుĮ�ķ మĸ�య� İ�ǵĥ� ȇర దţంĦా. 

 ఉȍčş గƘత: అı�ĻĒషణం Ȏాı�రణంĦా ఎĥąŸథĸ�ũȡ. అı�క ఉȍčş గƘతల¡ అı�ĻĒషణ Ȏామĸాš ƺǵŤ తĦ�œȎాŠ ķ, 

ఎందుకంటÎ అȇ య�ĥ�śĺÂట½ȭ ĥారŧȴ ఉపĸ�తలం నుంĬ� Ĭ�Ȏč Ȼŧ ĨయేĬ�ǵĥ� అı�ĻĒļతి అణ�వ­లక¡ శĥ�Šǵ 

అంİ�ȎాŠ ķ. 

 సంపరŐ సమయం: దƔవం య�ĥ�śĺÂట½ȭ ĥారŧȴ ĮČ ఎంత ఎక¡ŐవĽÐప­ సంపరŐంలĐ ఉంటÎ, అంత ఎక¡Őవ 

అı�ĻĒషణం జర గ�త§ంİ�. అķĮే, ఇİ� సంతృపŠ  వకƘతను అనుసĸ�సుŠ ంİ�, ఇకŐడ ఒక ǵĸ�Ţషś Ƿాķంȫ 

తĸాŵత, సంపరŐ సమయ�ǵŤ ĳ¿ంచడం కǶస అదనప­ అı�ĻĒషణను అంİ�సుŠ ంİ�. 

 అı�ĻĒļితం ȁకŐ Ħాఢత: అı�క Ħాఢతల¡ అı�ĻĒషణ ĸÃట�ను ĳ¿ంచుĮ�ķ, ĥాǶ య�ĥ�śĺÂట½ȭ ĥారŧȴ 

ȁకŐ Ȏామరšƺం ǩవĸ�ĥ� Ĩరే క¡ంట�ంİ�. 

 య�ĥ�śĺÂట½ȭ ĥారŧȴ ȁకŐ ఉపĸ�తల ĺ±ౖĻాలŪం మĸ�య� రంధƔ ǵĸాũణం: ĳ¿దŢ  ఉపĸ�తల ĺ±ĻౖాలŪం మĸ�య� 

బ�Ħా అǻవృİ�ţ  Ĩెంİ�న రంధƔ ǵĸాũణం అı�ĻĒషణను ĳ¿ంచుĮ�ķ. ǩనŤ అణ�వ­లను అı�ĻĒļించĬ�ǵĥ� 

Ķ¸ÛĥąƘ Ƿč ȻŸ మ�ఖŪంĦా మ�ఖŪĶ¸Ûనȇ. 

అı�ĻĒషణ ఐȎč థȻũǇ 

ĽిšరĶ¸Ûన ఉȍčş గƘత వదŢ  అı�ĻĒషĥాల¡ అı�ĻĒషకంĮČ ఎల� సంకరŷణ ĨెందుĮ�Ȃ అı�ĻĒషణ ఐȎč థȻũǇ ȇవĸ�ȎాŠ ķ. 

Ȏాı�రణంĦా ఉపȂĦ�ంĨే ĸ²ండ¦ ఐȎč థȻũǇ ల�ంȣ మ�ķȻ మĸ�య� ఫ®Ű ంȭ ȃȦ ఐȎč థȻũǇ. 

 ల�ంȣ మ�ķȻ ఐȎč థȻũ: ఈ నమ¢Ĳ� పĸ�ǽత సంఖŪలĐ ఒĥÃ ȇధĶ¸Ûన Ľ¿ȫౖ లĮČ ఉపĸ�తలంĳ¿ౖ ȀĲċలÌయȻ 

అı�ĻĒషణను ఊľ�సుŠ ంİ�. ల�ంȣ మ�ķȻ సǾకరణం: 

qe=1+KL∗Ceqm∗KL∗Ce 



ఇకŐడ: 

 qe అĲÂİ� అı�ĻĒషకం ȁకŐ య¢ǵȫ బర వ­క¡ అı�ĻĒļించబĬ�న అı�ĻĒļితం ȁకŐ ǿతŠం (mg/g). 

 qm అĲÂİ� గĸ�షś అı�ĻĒషణ Ȏామరšƺం (mg/g). 

 KL అĲÂİ� బంధన Ľ¿ౖటų  అనుబంı�ǵĥ� సంబంı�ంǩన ల�ంȣ మ�ķȻ Ľిšĸాంకం (L/mg). 

 Ce అĲÂİ� İ�Ɣ వణంలĐ అı�ĻĒļతిం ȁకŐ సమĮౌలŪ Ħాఢత (mg/L). 

ఈ ఐȎč థȻũ ఒక Ľ¿ȫౖ ఆకƘǽంచబĬ�న తĸాŵత, ఆ Ľ¿ȫౖ లĐ మĸ�ంత అı�ĻĒషణం జరగదǵ సూǩసుŠ ంİ�, ఇİ� 

ȀĲċలÌయȻ అı�ĻĒషణక¡ İ�ĸ�ǴసుŠ ంİ�. 

 

 

Freundlich Isotherm: This model is empirical and assumes heterogeneous surface energies, 
meaning that binding sites are not equivalent and/or adsorption is not uniform across the surface. 
The Freundlich equation is: 

 

 

 

Where: 

 

𝑞𝑒 is the amount of adsorbate adsorbed per unit weight of adsorbent (mg/g). 

K F and 𝑛 are the Freundlich constants indicative of adsorption capacity and intensity, respectively. 

C e   is the equilibrium concentration of adsorbate in the solution (mg/L). 

 

The Freundlich isotherm does not predict a saturation point, indicating that adsorption can 
continue indefinitely, albeit at a decreasing rate. 

 

Summary 

Activated carbon filtration relies on the adsorption of impurities onto the surface of the carbon 
material. The eƯectiveness of this process depends on several factors, including pH, temperature, 



contact time, and the concentration of the adsorbate. Understanding adsorption isotherms like 
Langmuir and Freundlich helps predict how diƯerent materials and conditions will aƯect the 
eƯiciency of activated carbon as an adsorbent. 

 

ఫ®Ű ంȭ ȃȦ ఐȎč థȻũ: ఈ నమ¢Ĳ� అనుభవప®రŵకĶ¸Ûనİ� మĸ�య� ǻనŤĶ̧Ûన ఉపĸ�తల శక¡Š లను ఊľ�సుŠ ంİ�, 

అంటÎ బంధన Ľ¿టౖ�ų  సమ�నంĦా ఉండవ­ మĸ�య�/లÌİ� ఉపĸ�తలం అంతట� అı�ĻĒషణం ఏకĸ�ǳĦా ఉండదు. 

ఫ®Ű ంȭ ȃȦ సǾకరణం: 

qe=KF∗Ce1/n 

ఇకŐడ: 

 qe అĲÂİ� అı�ĻĒషకం ȁకŐ య¢ǵȫ బర వ­క¡ అı�ĻĒļించబĬ�న అı�ĻĒļితం ȁకŐ ǿతŠం (mg/g). 

 KF మĸ�య� n ల¡ వర సĦా అı�ĻĒషణ Ȏామరšƺం మĸ�య� ǴవƔతను సూǩంĨే ఫ®Ű ంȭ ȃȦ Ľిšĸాంĥాల¡. 

 Ce అĲÂİ� İ�Ɣ వణంలĐ అı�ĻĒļతిం ȁకŐ సమĮౌలŪ Ħాఢత (mg/L). 

ఫ®Ű ంȭ ȃȦ ఐȎč థȻũ సంతృపŠ  Ȏాš ķǵ అంచĲ� ĺÂయదు, ఇİ� అı�ĻĒషణం ǵరవı�కంĦా ĥóనȎాగగలదǵ సూǩసుŠ ంİ�, 

అķĮే తగ�œ త§నŤ ĸÃట�ĮČ. 

Ȏాĸాంశం 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴలిÌś ƿషȴ ĥారŧȴ పİ�రšం ȁకŐ ఉపĸ�తలంĳ¿ ౖమȃĲ�ల అı�ĻĒషణంĳ¿ౖ ఆı�రపడ¦త§ంİ�. ఈ 

పƔĥ�Ƙయ ȁకŐ పƔĵ�వం pH, ఉȍčş గƘత, సంపరŐ సమయం మĸ�య� అı�ĻĒļతిం ȁకŐ ĦాఢతĮČ సȏ అĲÂక 

అంĻాలĳ¿ ౖఆı�రపĬ� ఉంట�ంİ�. ల�ంȣ మ�ķȻ మĸ�య� ఫ®Ű ంȭ ȃȦ వంట� అı�ĻĒషణ ఐȎč థȻũ లను అరšం 

Ĩేసుĥąవడం ȇȇధ పİ�ĸాš ల¡ మĸ�య� పĸ�Ľిšత§ల¡ అı�ĻĒషకంĦా య�ĥ�śĺÂట½ȭ ĥారŧȴ ȁకŐ Ȏామĸాš ƺǵŤ ఎల� 

పƔĵ�ȇతం ĨేȎాŠ Ȃ అంచĲ� ĺÂయĬ�ǵĥ� సȏయపడ¦త§ంİ�. 

 

 

 

 

 

 

 

 



Design and Operation of Activated Carbon Filtration 
Systems 
Activated carbon filtration systems are widely used for the removal of contaminants from water, air, 
and other fluids. They operate on the principle of adsorption, where contaminants adhere to the 
surface of the activated carbon particles. 

 

Fixed-bed Reactors 
Design: 

 

Configuration: Fixed-bed reactors have a stationary bed of activated carbon through which the fluid 
flows. The bed is typically housed in a cylindrical or rectangular vessel. 

Flow Pattern: The fluid can flow either upward or downward through the bed, with downward flow 
being more common. 

Bed Structure: The activated carbon bed is packed tightly to ensure maximum contact between the 
fluid and the carbon. 

Support Systems: Screens or grids are used at the inlet and outlet to prevent the carbon particles 
from escaping. 

Operation: 

 

Loading: The contaminated fluid is fed into the reactor at a controlled rate. 

Adsorption: As the fluid passes through the bed, contaminants are adsorbed onto the surface of 
the carbon particles. 

Breakthrough: Over time, the adsorption sites become saturated, and the eƯluent quality 
deteriorates, indicating the need for carbon replacement or regeneration. 

Regeneration: The spent carbon can be regenerated thermally or chemically, or it can be replaced 
with fresh carbon. 

Fluidized-bed Reactors 

Design: 

 

Configuration: In fluidized-bed reactors, the activated carbon particles are suspended in the fluid, 
creating a dynamic bed. 

Flow Pattern: Typically, the fluid flows upward with enough velocity to suspend the carbon particles. 



Bed Expansion: The bed expands and contracts based on the fluid flow rate, allowing for better 
contact and mixing. 

Containment: Screens or other devices are used to prevent carbon particles from being carried out 
of the reactor with the fluid. 

Operation: 

 

Loading: The contaminated fluid is introduced at the bottom of the reactor. 

Fluidization: The fluid velocity is adjusted to achieve a state where the carbon particles are 
suspended. 

Adsorption: The dynamic movement of the particles ensures high contact eƯiciency and mass 
transfer. 

Regeneration: Spent carbon is periodically removed for regeneration or replacement, and fresh 
carbon is added as needed. 

Design Parameters 

Flow Rate: 

 

Determines the contact time between the fluid and the activated carbon. 

Higher flow rates reduce contact time, potentially decreasing adsorption eƯiciency. 

Optimal flow rates balance eƯicient contaminant removal with practical operation costs. 

Bed Depth: 

 

The depth of the carbon bed impacts the residence time of the fluid in the reactor. 

Deeper beds provide more contact time and adsorption capacity but require higher pressure drops 
and energy consumption. 

Typical bed depths range from 0.5 to 3 meters, depending on the application and contaminants. 

Contact Time: 

 

Also known as Empty Bed Contact Time (EBCT), it is the time the fluid spends in contact with the 
activated carbon. 

Longer contact times generally improve contaminant removal eƯiciency. 

EBCT is calculated as the volume of the carbon bed divided by the flow rate. 



Operation and Maintenance 
Monitoring: 

 

Regular monitoring of influent and eƯluent quality to detect breakthrough and assess performance. 

Pressure drop across the bed is monitored to ensure it remains within operational limits. 

Maintenance: 

 

Periodic backwashing in fixed-bed systems to remove accumulated particles and prevent clogging. 

Replacement or regeneration of spent activated carbon to restore adsorption capacity. 

Inspection and maintenance of support systems, including screens, nozzles, and other mechanical 
components. 

Regeneration: 

 

Thermal Regeneration: Involves heating the spent carbon to high temperatures to desorb 
contaminants. 

Chemical Regeneration: Uses chemical solutions to remove adsorbed contaminants. 

On-Site vs OƯ-Site: Regeneration can be done on-site or oƯ-site, depending on the scale of the 
operation and logistical considerations. 

Safety and Handling: 

 

Proper handling and disposal of spent carbon and regeneration by-products. 

Ensuring the system is operated within design parameters to prevent excessive pressure buildup or 
other hazards. 

Regular training for operators on safe handling and emergency procedures. 

By carefully designing and maintaining activated carbon filtration systems, it is possible to achieve 
eƯicient and eƯective contaminant removal across a wide range of applications. 

 

 

 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴిలÌś ƿషȴ ĽసిśȹŸ ȁకŐ Ĭ�జ²ȴౖ మĸ�య� ఆపĸÃషȴ 



య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴలిÌś ƿషȴ ĽిసśȹŸ Ƕర , Ħాȃ మĸ�య� ఇతర దƔĺాల నుంĬ� ĥాల¡షŪ ĥారĥాలను ĮúలĦ�ంచĬ�ǵĥ� 

ȇసŠ ృతంĦా ఉపȂĦ�ంచబడ¦త§Ĳ�Ťķ. అȇ అı�ĻĒషణం సూతƔంĳ¿ౖ పǵĨేȎాŠ ķ, ఇకŐడ ĥాల¡షŪ ĥారĥాల¡ 

య�ĥ�śĺÂట½ȭ ĥారŧȴ కణ�ల ఉపĸ�తల�ǵĥ� అత§క¡Őంట�ķ. 

ĴిȡŸ ȭ-బ·ȭ ĸ�య�కśర ų  

Ĭ�జ²ȴౖ: 

 ĥాǵŦగĸÃషȴ: ĴȡిŸ ȭ-బ·ȭ ĸ�య�కśర ų  ĽిšరĶ¸Ûన య�ĥ�śĺÂట½ȭ ĥారŧȴ బ·ȭ ను కȃĦ� ఉంట�ķ, İ�ǵ İ�ŵĸా దƔవం 

పƔవľ�సుŠ ంİ�. ఈ బ·ȭ Ȏాı�రణంĦా సూš Ƿాĥార లÌİ� İ�రŔచత§రȎƔా ĥార ǷాతƔలĐ ఉంచబడ¦త§ంİ�. 

 పƔĺాహ నమ¢Ĳ�: దƔవం బ·ȭ İ�ŵĸా ĳ¿ĥౖ� లÌİ� ĥ�Ƙంİ�ĥ� పƔవľ�ంచవచుŖ, ĥ�Ƙంİ�ĥ� పƔĺాహం మĸ�ంత Ȏాı�రణం. 

 బ·ȭ ǵĸాũణం: దƔవం మĸ�య� ĥారŧȴ మధŪ గĸ�షś సంపĸాŐǵŤ ǵĸాţ ĸ�ంచĬ�ǵĥ� య�ĥ�śĺÂట½ȭ ĥారŧȴ బ·ȭ 

గట�śĦా ǷాŪȡ Ĩయేబడ¦త§ంİ�. 

 సǷč Ȼś ĽసిśȹŸ: ĥారŧȴ కణ�ల¡ తĳťించుĥąక¡ంĬ� ǵĸĆı�ంచĬ�ǵĥ� ఇȴ ల»ȫ మĸ�య� అవ­ȫ ల»ȫ వదŢ  

Ľీźɗȴ ల¡ లÌİ� Ħ�Ƙȭ ల¡ ఉపȂĦ�ంచబడĮ�ķ. 

ఆపĸÃషȴ: 

 లĐĬ�ంȣ: కల¡ļతిĶ¸Ûన దƔవం ǵయంǳƔత ĸÃట�ĮČ ĸ�య�కśȻ లĐĥ� పంపబడ¦త§ంİ�. 

 అı�ĻĒషణం: దƔవం బ·ȭ గ�ంĬ� ĺ±ళ¨త§నŤప­ťడ¦, ĥాల¡షŪ ĥారĥాల¡ ĥారŧȴ కణ�ల ఉపĸ�తలంĳ¿ ౖ

అı�ĻĒļించబడĮ�ķ. 

 బÈƔȡ త©Ɣ : ĥాలకƘĶÉణ�, అı�ĻĒషణ Ľ¿ౖట�ų  సంతృపŠమవ­Į�ķ మĸ�య� వŪరš జల�ల Ĳ�ణŪత ǘ�ణ�సుŠ ంİ�, ఇİ� 

ĥారŧȴ ప­నఃȎాš పన లÌİ� ప­నర తťǳŠ  అవసĸాǵŤ సూǩసుŠ ంİ�. 

 ప­నర తťǳŠ : ఖర Ŗ ĨేĽని ĥారŧȴ ను థరũȽ Ħా లÌİ� రȎాయనంĦా ప­నర తťǳŠ  ĨేయవచుŖ లÌİ� Į�జ� 

ĥారŧȴ ĮČ భĸ�Š ĨేయవచుŖ. 

ņ®ų ķĬెȨౖŝ -బ·ȭ ĸ�య�కśర ų  

Ĭ�జ²ȴౖ: 

 ĥాǵŦగĸÃషȴ: ņ®ų ķĬైȨŝ-బ·ȭ ĸ�య�కśరųలĐ, య�ĥ�śĺÂట½ȭ ĥారŧȴ కణ�ల¡ దƔవంలĐ సĽ¿ťంȭ ĨయేబడĮ�ķ, 

Ĭైనǽȡ బ·ȭ ను సృļిśȎాŠ ķ. 



 పƔĺాహ నమ¢Ĳ�: Ȏాı�రణంĦా, ĥారŧȴ కణ�లను సĽ¿ťంȭ ĨేయĬ�ǵĥ� తĦ�నంత ĺÂగంĮČ దƔవం ĳ¿ĥౖ� 

పƔవľ�సుŠ ంİ�. 

 బ·ȭ ȇసŠరణ: దƔవ పƔĺాహ ĸÃట� ఆı�రంĦా బ·ȭ ȇసŠĸ�సుŠ ంİ� మĸ�య� క¡İ�ంచబడ¦త§ంİ�, ఇİ� Ķర̧ Ħ²Óన 

సంపరŐం మĸ�య� కలపĬ�ǵĥ� అనుమǳసుŠ ంİ�. 

 ǵయంతƔణ: ĥారŧȴ కణ�ల¡ దƔవంĮČ ĸ�య�కśȻ నుంĬ� బయటక¡ ĸాక¡ంĬ� ǵĸĆı�ంచĬ�ǵĥ� Ľీźɗȴ ల¡ లÌİ� 

ఇతర పĸ�కĸాల¡ ఉపȂĦ�ంచబడĮ�ķ. 

ఆపĸÃషȴ: 

 లĐĬ�ంȣ: కల¡ļతిĶ¸Ûన దƔవం ĸ�య�కśȻ İ�గ�వన పƔĺÂశĳ¿టśబడ¦త§ంİ�. 

 ņ®ų ķĬెజౖÃషȴ: ĥారŧȴ కణ�ల¡ సĽ¿ťంȭ ĨయేబĬ�న Ľిšǳǵ Ȏాı�ంచĬ�ǵĥ� దƔవ ĺÂగం సర Ţ బ�ట� 

Ĩేయబడ¦త§ంİ�. 

 అı�ĻĒషణం: కణ�ల Ĭైనǽȡ కదȃక అı�క సంపరŐ Ȏామరšƺం మĸ�య� దƔవŪĸాȋ బİ�Ȅǵ ǵĸాţ ĸ�సుŠ ంİ�. 

 ప­నర తťǳŠ : ఖర Ŗ ĨేĽని ĥారŧȴ ప­నర తťǳŠ  లÌİ� ప­నఃȎాš పన ĥąసం కƘమ�నుగతంĦా 

ĮúలĦ�ంచబడ¦త§ంİ� మĸ�య� అవసరĶ¸Ûన ȇధంĦా Į�జ� ĥారŧȴ జćĬ�ంచబడ¦త§ంİ�. 

Ĭ�జ²ȴౖ Ƿాĸాǽత§ల¡ 

 పƔĺాహ ĸÃట�: దƔవం మĸ�య� య�ĥ�śĺÂట½ȭ ĥారŧȴ మధŪ సంపరŐ సమయ�ǵŤ ǵరşķసుŠ ంİ�. అı�క పƔĺాహ 

ĸÃట�ų  సంపరŐ సమయ�ǵŤ తĦ�œȎాŠ ķ, అı�ĻĒషణ Ȏామĸాš ƺǵŤ తĦ�œȎాŠ ķ. ఆĳిśమȽ పƔĺాహ ĸÃట�ų  

ఆచరణ�తũక ఆపĸÃషȴ ఖర ŖలĮČ సమరšవంతĶ¸Ûన ĥాల¡షŪ ĥారక ĮúలĦ�ంప­ను సమత§లŪం ĨేȎాŠ ķ. 

 బ·ȭ లĐత§: ĥారŧȴ బ·ȭ ȁకŐ లĐత§ ĸ�య�కśȻ లĐ దƔవం ȁకŐ ǵĺాస సమయ�ǵŤ పƔĵ�ȇతం ĨేసుŠ ంİ�. 

లĐĮెనౖ బ·ȭ ల¡ ఎక¡Őవ సంపరŐ సమయం మĸ�య� అı�ĻĒషణ Ȏామĸాš ƺǵŤ అంİ�ȎాŠ ķ, ĥాǶ అı�క ĳీడన 

Ĭ�Ɣ ȵ ల¡ మĸ�య� శĥ�Š ȇǵȂగం అవసరం. అనువరŠనం మĸ�య� ĥాల¡షŪ ĥారĥాలను బట�ś Ȏాı�రణ బ·ȭ 

లĐత§ల¡ 0.5 నుంĬ� 3 Ǿటరų వరక¡ ఉంట�ķ. 

 సంపరŐ సమయం: ఖ�Ȇ బ·ȭ సంపరŐ సమయం (EBCT) అǵ క¥Ĭ� ĳలి¡ȎాŠ ర , ఇİ� య�ĥ�śĺÂట½ȭ ĥారŧȴ ĮČ 

సంపరŐంలĐ దƔవం గĬ�ĳÐ సమయం. ఎక¡Őవ సంపరŐ సమయ�ల¡ Ȏాı�రణంĦా ĥాల¡షŪ ĥారక ĮúలĦ�ంప­ 

Ȏామĸాš ƺǵŤ Ķ¸ర గ�పర ȎాŠ ķ. EBCT అĲÂİ� ĥారŧȴ బ·ȭ ȁకŐ ĺాల¥Ūȹ ను పƔĺాహ ĸÃట�ĮČ ĵ�Ħ�ంచడం 

İ�ŵĸా ల»ĥ�Őంచబడ¦త§ంİ�. 

ఆపĸÃషȴ మĸ�య� ǵరŵహణ 



 పరŪĺÂǖణ: బÈƔȡ త©Ɣ ను గ�ĸ�ŠంచĬ�ǵĥ� మĸ�య� పǵǴర ను అంచĲ� ĺÂయĬ�ǵĥ� ఇȴ ņ­ų ķ¹ంȫ మĸ�య� 

ఎȶ ņ­ų ķ¹ంȫ Ĳ�ణŪత ȁకŐ కƘమĶ¸Ûన పరŪĺÂǖణ. ఆపĸÃషనȽ పĸ�ǽత§లĐų  ఉందǵ ǵĸాţ ĸ�ంచĬ�ǵĥ� బ·ȭ 

అంతట� ĳడీన Ĭ�Ɣ ȵ పరŪĺÂǘ�ంచబడ¦త§ంİ�. 

 ǵరŵహణ: ĳÐర క¡Ƿč ķన కణ�లను ĮúలĦ�ంచĬ�ǵĥ� మĸ�య� అడ¦ŝ పడక¡ంĬ� ǵĸĆı�ంచĬ�ǵĥ� ĴిȡŸ ȭ-బ·ȭ 

Ľిసśȹ లలĐ కƘమ�నుగత బ�Ūȡ ĺాļింȣ. అı�ĻĒషణ Ȏామĸాš ƺǵŤ ప­నర దţĸ�ంచĬ�ǵĥ� ఖర Ŗ ĨేĽని 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ȁకŐ ప­నఃȎాš పన లÌİ� ప­నర తťǳŠ . Ľీźɗȴ ల¡, Ĳ�ǭȽ ల¡ మĸ�య� ఇతర య�ంǳƔక 

ĵ�ĦాలĮČ సȏ సǷč Ȼś Ľసిśȹ ల తǵǤ మĸ�య� ǵరŵహణ. 

 ప­నర తťǳŠ : థరũȽ ప­నర తťǳŠ : ĥాల¡షŪ ĥారĥాలను Ĭ�Ȏč Ȼŧ ĨేయĬ�ǵĥ� ఖర Ŗ ĨĽేిన ĥారŧȴ ను అı�క 

ఉȍčş గƘతలక¡ ĺÂĬ� Ĩయేడం. రȎాయన ప­నర తťǳŠ : అı�ĻĒļతి ĥాల¡షŪ ĥారĥాలను ĮúలĦ�ంచĬ�ǵĥ� 

రȎాయన İ�Ɣ వణ�లను ఉపȂĦ�సుŠ ంİ�. ఆȴ-Ľ¿ౖȫ vs ఆȶ-Ľ¿ȫౖ: ఆపĸÃషȴ Ȏాš ķ మĸ�య� ల�ǭĽిśకȽ 

పĸ�గణనలను బట�ś ప­నర తťǳŠ  ఆȴ-Ľ¿ȫౖ లÌİ� ఆȶ-Ľ¿ȫౖ లĐ ĨేయవచుŖ. 

 భదƔత మĸ�య� ǵరŵహణ: ఖర Ŗ ĨĽేని ĥారŧȴ మĸ�య� ప­నర తťǳŠ  ఉప ఉతťత§Š ల సĸ²Óన ǵరŵహణ 

మĸ�య� ǷారĺÂయడం. అı�క ĳీడన ĳ¿ర గ�దల లÌİ� ఇతర పƔమ�İ�లను ǵĺాĸ�ంచĬ�ǵĥ� Ľిసśȹ Ĭ�జ²ౖȴ 

Ƿాĸాǽత§లలĐ పǵĨసేుŠ ందǵ ǵĸాţ ĸ�ంచడం. సురǘ�త ǵరŵహణ మĸ�య� అతŪవసర ȇı�Ĳ�లĳ¿ ౖఆపĸÃటరųక¡ 

కƘమĶ¸Ûన ȋǖణ. 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴలిÌś ƿషȴ Ľిసśȹ లను జ�గƘతŠĦా Ĭ�జ²ȴౖ Ĩయేడం మĸ�య� ǵరŵľ�ంచడం İ�ŵĸా, ȇసŠ ృత ĻÑƘణ� 

అనువరŠĲ�లలĐ సమరšవంతĶ¸Ûన మĸ�య� పƔĵ�వవంతĶ¸Ûన ĥాల¡షŪ ĥారక ĮúలĦ�ంప­ను Ȏాı�ంచడం 

ȎాధŪమవ­త§ంİ�. 

 

 

 

 

 

 

 



Applications in Wastewater Treatment 

1. Removal of Organic Contaminants 
Organic contaminants in wastewater include dyes, pharmaceuticals, and pesticides. These 
pollutants pose significant risks to both human health and the environment. Various methods are 
employed to remove these contaminants: 

 

a. Dyes 

 

Adsorption: Activated carbon and other adsorbents can eƯectively remove dyes from wastewater 
by trapping dye molecules on their surfaces. 

Advanced Oxidation Processes (AOPs): Techniques like photocatalysis, ozonation, and Fenton's 
reaction generate highly reactive species (e.g., hydroxyl radicals) that degrade dye molecules into 
less harmful substances. 

Biodegradation: Microorganisms are used to break down dyes through metabolic processes. 
Specific bacteria and fungi have shown eƯectiveness in decolorizing and degrading various dyes. 

b. Pharmaceuticals 

 

Membrane Filtration: Nanofiltration and reverse osmosis are eƯective in removing pharmaceutical 
compounds from wastewater. 

Activated Sludge Processes: Biological treatment using microorganisms in an aerobic environment 
helps in degrading pharmaceutical residues. 

Advanced Oxidation Processes (AOPs): These processes can oxidize pharmaceutical compounds, 
transforming them into less harmful substances. 

c. Pesticides 

 

Adsorption: Activated carbon is commonly used to adsorb pesticide molecules from wastewater. 

Photocatalysis: UV light and photocatalysts like titanium dioxide (TiO2) can degrade pesticides 
through oxidation. 

Bioremediation: Specific microorganisms can metabolize and break down pesticides in 
wastewater. 



2. Removal of Inorganic Contaminants 
Inorganic contaminants such as heavy metals and nitrates are toxic and need to be removed from 
wastewater to prevent environmental and health hazards. 

 

a. Heavy Metals 

 

Chemical Precipitation: Adding chemicals to form insoluble metal hydroxides, which can then be 
removed by sedimentation or filtration. 

Ion Exchange: Resins exchange ions in the wastewater with ions on the resin, eƯectively removing 
heavy metals. 

Electrochemical Treatment: Electrocoagulation and electroflotation use electric currents to 
remove metal ions from wastewater. 

b. Nitrates 

 

Biological Denitrification: Nitrate is converted to nitrogen gas by denitrifying bacteria under anoxic 
conditions. 

Ion Exchange: Resins specifically designed for nitrate removal can replace nitrate ions with chloride 
or hydroxide ions. 

Membrane Filtration: Processes like reverse osmosis and electrodialysis eƯectively remove nitrates 
from wastewater. 

3. Treatment of Industrial EƯluents 
Industrial eƯluents vary widely in composition and require specialized treatment methods tailored 
to the specific industry: 

 

Oil and Gas Industry: 

 

Flotation: Dissolved air flotation (DAF) removes oil and grease from wastewater. 

Bioreactors: Treatment using aerobic and anaerobic bioreactors to degrade organic pollutants. 

Textile Industry: 

 

Adsorption: Activated carbon and other adsorbents remove dyes and chemicals. 



Chemical Oxidation: Advanced oxidation processes degrade complex organic molecules. 

Pharmaceutical Industry: 

 

Membrane Filtration: Ultrafiltration and nanofiltration remove fine particulate matter and organic 
compounds. 

Biological Treatment: Use of microorganisms to degrade pharmaceutical residues. 

4. Municipal Wastewater Treatment 
Municipal wastewater treatment involves several stages to ensure the removal of contaminants 
and pathogens before the water is released into the environment or reused: 

 

Primary Treatment: Physical processes like screening and sedimentation to remove large solids and 
debris. 

Secondary Treatment: Biological processes using microorganisms to degrade organic matter. This 
often involves activated sludge systems, trickling filters, or biofilm reactors. 

Tertiary Treatment: Advanced treatment methods to remove remaining contaminants, including: 

Filtration: Sand filtration, membrane filtration to remove suspended solids. 

Disinfection: Chlorination, UV radiation, or ozonation to kill pathogens. 

Nutrient Removal: Specific processes to remove nitrogen and phosphorus to prevent 
eutrophication in water bodies. 

Summary 

Wastewater treatment technologies are essential for removing both organic and inorganic 
contaminants from various sources, including industrial eƯluents and municipal wastewater. 
Techniques such as adsorption, advanced oxidation processes, membrane filtration, and biological 
treatment are tailored to address specific contaminants like dyes, pharmaceuticals, pesticides, 
heavy metals, and nitrates. These methods ensure that treated wastewater is safe for discharge or 
reuse, protecting public health and the environment. 

 

 

వŪరš జల�ల ȉİ�ţలĐ అనువరŠĲ�ల¡ 

1. ĽÐంİ�Ɣయ ĥాల¡షŪ ĥారĥాల ĮúలĦ�ంప­ 



వŪరš జల�లలĐ ĽÐంİ�Ɣయ ĥాల¡షŪ ĥారĥాలలĐ రంగ�ల¡, ఔషı�ల¡ మĸ�య� ప­ర గ�మందుల¡ ఉంట�ķ. ఈ ĥాల¡షŪ 

ĥారĥాల¡ మ�నవ ఆĸĆగŪం మĸ�య� పĸాŪవరణ�ǵĥ� గణǶయĶ¸Ûన పƔమ�İ�లను కȃĦ�ȎాŠ ķ. ఈ ĥాల¡షŪ ĥారĥాలను 

ĮúలĦ�ంచĬ�ǵĥ� ȇȇధ పదţత§ల¡ ఉపȂĦ�ంచబడĮ�ķ: 

 a. రంగ�ల¡  

o అı�ĻĒషణం: య�ĥ�śĺÂట½ȭ ĥారŧȴ మĸ�య� ఇతర అı�ĻĒషĥాల¡ ĺాట� ఉపĸ�తల�లĳ¿ౖ రంగ� 

అణ�వ­లను బంı�ంచడం İ�ŵĸా వŪరš జల�ల నుంĬ� రంగ�లను సమరšవంతంĦా ĮúలĦ�ంచగలవ­. 

o అధుĲ�తన ఆĥ�Ÿకరణ పƔĥ�Ƙయల¡ (AOPల¡): Ǹč టĊĥాట�ȃĽిɂ, ఓజćĲÂషȴ మĸ�య� Ĵ¿ంటȴ పƔǳచరŪ 

వంట� పదţత§ల¡ అతŪంత ĸ�య�ĥ�śȿ జ�త§లను (ఉİ�., ľÁêĬ�Ɣ ĥ�ŸȽ ĸాĬ�కȽŸ) ఉతťǳŠ  ĨేȎాŠ ķ, ఇȇ 

రంగ� అణ�వ­లను తక¡Őవ ȏǵకరĶ¸Ûన పİ�ĸాţ ల¡Ħా ǘ�ణ�ంపజÃȎాŠ ķ. 

o Ǯవǘ�ణత: Ǯవĥ�Ƙయ పƔĥ�Ƙయల İ�ŵĸా రంగ�లను ȇǩŗనŤం ĨేయĬ�ǵĥ� సూǖũǮవ­ల¡ 

ఉపȂĦ�ంచబడĮ�ķ. ǵĸ�Ţషś బ�Ūĥ�śĸ�య� మĸ�య� ȋȄంı�Ɣ ల¡ ȇȇధ రంగ�లను రంగ� మ�రŖడం 

మĸ�య� ǘ�ణ�ంపజÃయడంలĐ పƔĵ�వవంతంĦా ఉĲ�Ťయǵ చూĳింĨ�ķ. 

 b. ఔషı�ల¡  

o Ķ̧ĶÉƏɘȴ ĴిలÌś ƿషȴ: Ĳ�ĲċĴిలÌś ƿషȴ మĸ�య� ĸ�వȻŸ ఓȎč ũĽɂి వŪరš జల�ల నుంĬ� ఔషధ 

సĶÉũళĲ�లను ĮúలĦ�ంచడంలĐ పƔĵ�వవంతంĦా ఉంట�ķ. 

o య�ĥ�śĺÂట½ȭ సųȭŘ  పƔĥ�Ƙయల¡: ఏĸĆǹȡ ĺాĮ�వరణంలĐ సూǖũǮవ­లను ఉపȂĦ�ంǩ Ǯవ ǩĥ�తŸ 

ఔషధ అవĻÑȍాలను ǘ�ణ�ంపజÃయడంలĐ సȏయపడ¦త§ంİ�. 

o అధుĲ�తన ఆĥ�Ÿకరణ పƔĥ�Ƙయల¡ (AOPల¡): ఈ పƔĥ�Ƙయల¡ ఔషధ సĶÉũళĲ�లను ఆĥ�Ÿకరణం 

Ĩేయగలవ­, ĺాట�ǵ తక¡Őవ ȏǵకరĶ¸Ûన పİ�ĸాţ ల¡Ħా మ�ర ȎాŠ ķ. 

 c. ప­ర గ�మందుల¡  

o అı�ĻĒషణం: వŪరš జల�ల నుంĬ� ప­ర గ�మందుల అణ�వ­లను అı�ĻĒļించĬ�ǵĥ� య�ĥ�śĺÂట½ȭ 

ĥారŧȴ Ȏాı�రణంĦా ఉపȂĦ�ంచబడ¦త§ంİ�. 

o Ǹč టĊĥాట�ȃĽిɂ: UV ĥాంǳ మĸ�య� ట½టౖ�ǵయం డయ�ĥ²ÓŸȭ (TiO2) వంట� Ǹč టĊĥాట�ȃɂś ల¡ 

ఆĥ�Ÿకరణ İ�ŵĸా ప­ర గ�మందులను ǘ�ణ�ంపజÃȎాŠ ķ. 

o బȂĸ²ǽĬ�ķÊషȴ: ǵĸ�Ţషś సూǖũǮవ­ల¡ వŪరš జల�లలĐ ప­ర గ�మందులను Ǯవĥ�Ƙయ 

Ĩేయగలవ­ మĸ�య� ȇǩŗనŤం Ĩయేగలవ­. 



2. అకరŧన ĥాల¡షŪ ĥారĥాల ĮúలĦ�ంప­ 

ĵ�ĸ� లĐȏల¡ మĸ�య� Ĳ±ౖటÎƔȫ ల వంట� అకరŧన ĥాల¡షŪ ĥారĥాల¡ ȇషప®ĸ�తĶ¸Ûనȇ మĸ�య� పĸాŪవరణ మĸ�య� 

ఆĸĆగŪ పƔమ�İ�లను ǵĺాĸ�ంచĬ�ǵĥ� వŪరš జల�ల నుంĬ� ĮúలĦ�ంచబĬ�ȃ. 

 a. ĵ�ĸ� లĐȏల¡  

o రȎాయన అవǘÃపణం: కరగǵ లĐహ ľÁêĬ�Ɣ ĥ²ÓŸȭ లను ఏరťరచĬ�ǵĥ� రȎాయĲ�లను జćĬ�ంచడం, 

Ȉట�ǵ అవǘÃపణం లÌİ� వడǷč త İ�ŵĸా ĮúలĦ�ంచవచుŖ. 

o అయ�ȴ ఎĥÃŸƧంȨ: ĸ²Ľȴి ల¡ వŪరš జల�లలĐ అయ�ȴ లను ĸ²Ľȴి ĳ¿ ౖఅయ�ȴ లĮČ మ�ĸ�ťĬ� ĨȎేాŠ ķ, 

ĵ�ĸ� లĐȏలను సమరšవంతంĦా ĮúలĦ�ȎాŠ ķ. 

o ఎలĥąśǀ ĥ²ǽకȽ ǩĥ�తŸ: ఎలĥąśǀ ĥąగ�ŪలÌషȴ మĸ�య� ఎలĥąśǀ Șčų టÎషȴ వŪరš జల�ల నుంĬ� లĐహ 

అయ�ȴ లను ĮúలĦ�ంచĬ�ǵĥ� ȇదుŪȰ పƔĺాȏలను ఉపȂĦ�ȎాŠ ķ. 

 b. Ĳ±ౖటÎƔȫ ల¡  

o Ǯవసంబంధ Ĭ�ǵట�ƔĴిĥÃషȴ: ఆĥ�Ÿజȴ లÌǵ పĸ�Ľిšత§లలĐ Ĭ�ǵట�ƔĴ¿ౖķంȣ బ�Ūĥ�śĸ�య� İ�ŵĸా Ĳ±టౖÎƔȫ 

నతƔజǵ ĺాయ�వ­Ħా మ�రŖబడ¦త§ంİ�. 

o అయ�ȴ ఎĥÃŸƧంȨ: Ĳ±టౖÎƔȫ ĮúలĦ�ంప­ ĥąసం పƔĮేŪకంĦా ర¤Ƿû ంİ�ంǩన ĸ²Ľȴి ల¡ Ĳ±టౖÎƔȫ అయ�ȴ లను 

ĥąų ĸ²Óȭ లÌİ� ľÁêĬ�Ɣ ĥ²ÓŸȭ అయ�ȴ లĮČ భĸ�Š Ĩయేగలవ­. 

o Ķ̧ĶÉƏɘȴ ĴిలÌś ƿషȴ: ĸ�వȻŸ ఓȎč ũĽɂి మĸ�య� ఎలĥąśǀ డయ�లĽిɂ వంట� పƔĥ�Ƙయల¡ వŪరš జల�ల 

నుంĬ� Ĳ±టౖÎƔȫ లను సమరšవంతంĦా ĮúలĦ�ȎాŠ ķ. 

3. Ƿాĸ�ĻƘా ǽక వŪరš జల�ల ǩĥ�తŸ 

Ƿాĸ�ĻƘా ǽక వŪరš జల�ల¡ క¥ర ťలĐ ȇసŠ ృతంĦా మ�ర త© ఉంట�ķ మĸ�య� ǵĸ�Ţషś పĸ�శƘమక¡ అనుగ�ణంĦా పƔĮేŪక 

ǩĥ�Į�Ÿ పదţత§ల¡ అవసరం: 

 చమ�ర  మĸ�య� ĺాయ�వ­ పĸ�శƘమ:  

o Șčų టÎషȴ: కĸ�Ħ�న Ħాȃ Șčų టÎషȴ (DAF) వŪరš జల�ల నుంĬ� నూĲ± మĸ�య� Ħ�Ƙǯను ĮúలĦ�సుŠ ంİ�. 

o బȂĸ�య�కśర ų : ĽÐంİ�Ɣయ ĥాల¡షŪ ĥారĥాలను ǘ�ణ�ంపజÃయĬ�ǵĥ� ఏĸĆǹȡ మĸ�య� అĲ�ĸĆǹȡ 

బȂĸ�య�కśరųను ఉపȂĦ�ంǩ ǩĥ�తŸ. 

 వసŠ Ŭ పĸ�శƘమ:  



o అı�ĻĒషణం: య�ĥ�śĺÂట½ȭ ĥారŧȴ మĸ�య� ఇతర అı�ĻĒషĥాల¡ రంగ�ల¡ మĸ�య� రȎాయĲ�లను 

ĮúలĦ�ȎాŠ ķ. 

o రȎాయన ఆĥ�Ÿకరణం: అధుĲ�తన ఆĥ�Ÿకరణ పƔĥ�Ƙయల¡ సంĥ�ųషś ĽÐంİ�Ɣయ అణ�వ­లను 

ǘ�ణ�ంపజÃȎాŠ ķ. 

 ఔషధ పĸ�శƘమ:  

o Ķ̧ĶÉƏɘȴ ĴిలÌś ƿషȴ: అల�ś ƿ ĴలిÌś ƿషȴ మĸ�య� Ĳ�ĲċĴలిÌś ƿషȴ చకŐట� కణ పİ�రšం మĸ�య� ĽÐంİ�Ɣయ 

సĶÉũళĲ�లను ĮúలĦ�ȎాŠ ķ. 

o Ǯవ ǩĥ�తŸ: ఔషధ అవĻÑȍాలను ǘ�ణ�ంపజÃయĬ�ǵĥ� సూǖũǮవ­ల ఉపȂగం. 

4. మ�ǵĽపిȽ వŪరš జల�ల ǩĥ�తŸ 

Ƕర  పĸాŪవరణంలĐĥ� ȇడ¦దల ĨయేĬ�ǵĥ� లÌİ� ప­నĸ�ŵǵȂగం ĨేయĬ�ǵĥ� మ�ందు ĥాల¡షŪ ĥారĥాల¡ మĸ�య� 

ĺాŪı�ĥారĥాలను ĮúలĦ�ంచడం మ�ǵĽిపȽ వŪరš జల�ల ǩĥ�తŸలĐ అĲÂక దశలను కȃĦ� ఉంట�ంİ�: 

 ǷƔా థǽక ǩĥ�తŸ: ĳ¿దŢ  ఘనపİ�ĸాš ల¡ మĸ�య� ȋı�ల�లను ĮúలĦ�ంచĬ�ǵĥ� Ľీźɗǵంȣ మĸ�య� అవǘÃపణం 

వంట� ĵĞǳక పƔĥ�Ƙయల¡. 

 İ�ŵǴయ ǩĥ�తŸ: ĽÐంİ�Ɣయ పİ�ĸాš ǵŤ ǘ�ణ�ంపజÃయĬ�ǵĥ� సూǖũǮవ­లను ఉపȂĦ�ంǩ Ǯవ పƔĥ�Ƙయల¡. ఇİ� 

తరచుĦా య�ĥ�śĺÂట½ȭ సųȭŘ  వŪవసšల¡, ట�Ɣĥ�ųంȣ Ĵిలśర ų  లÌİ� బȂĴȽిũ ĸ�య�కśరųను కȃĦ� ఉంట�ంİ�. 

 తృǴయ ǩĥ�తŸ: ǽĦ�ȃన ĥాల¡షŪ ĥారĥాలను ĮúలĦ�ంచĬ�ǵĥ� అధుĲ�తన ǩĥ�Į�Ÿ పదţత§ల¡, Ȉట�ĮČ సȏ:  

o వడǷč త: సĽ¿ťంȭ ĨయేబĬ�న ఘనపİ�ĸాš లను ĮúలĦ�ంచĬ�ǵĥ� ఇసుక వడǷč త, Ķ¸ĶÉƏɘȴ 

వడǷč త. 

o ĥ�Ƙǽసంȏరక: ĺాŪı�ĥారĥాలను చంపĬ�ǵĥ� ĥąų ĸ�ĲÂషȴ, UV ȇĥ�రణం లÌİ� ఓజćĲÂషȴ. 

o Ƿč షక ĮúలĦ�ంప­: జల వనర లలĐ య¢టĊƔ ĴĥిÃషȴ ను ǵĺాĸ�ంచĬ�ǵĥ� నతƔజǵ మĸ�య� ĵ�సŵరం 

ĮúలĦ�ంచĬ�ǵĥ� ǵĸ�Ţషś పƔĥ�Ƙయల¡. 

Ȏాĸాంశం 

Ƿాĸ�ĻƘా ǽక వŪరš జల�ల¡ మĸ�య� మ�ǵĽిపȽ వŪరš జల�లĮČ సȏ ȇȇధ వనర ల నుంĬ� ĽÐంİ�Ɣయ మĸ�య� 

అకరŧన ĥాల¡షŪ ĥారĥాలను ĮúలĦ�ంచĬ�ǵĥ� వŪరš జల�ల ǩĥ�Į�Ÿ ȎాంĥÃǳకతల¡ అవసరం. అı�ĻĒషణం, అధుĲ�తన 

ఆĥ�Ÿకరణ పƔĥ�Ƙయల¡, ĶĶ̧ÉƏɘȴ ĴలిÌś ƿషȴ మĸ�య� Ǯవ ǩĥ�తŸ వంట� పదţత§ల¡ రంగ�ల¡, ఔషı�ల¡, 

ప­ర గ�మందుల¡, ĵ�ĸ� లĐȏల¡ మĸ�య� Ĳ±టౖÎƔȫ ల వంట� ǵĸ�Ţషś ĥాల¡షŪ ĥారĥాలను పĸ�షŐĸ�ంచĬ�ǵĥ� అనుగ�ణంĦా 



ఉంట�ķ. ఈ పదţత§ల¡ ǩĥ�తŸ ĨేయబĬ�న వŪరš జల�ల¡ ȇడ¦దల ĨయేĬ�ǵĥ� లÌİ� ప­నĸ�ŵǵȂĦాǵĥ� 

సురǘ�తంĦా ఉĲ�Ťయǵ, పƔజ� ఆĸĆగŪం మĸ�య� పĸాŪవరణ�ǵŤ రǘ�ȎాŠ యǵ ǵĸాţ ĸ�ȎాŠ ķ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Activated carbon is widely used for its adsorption properties in various applications, such as water 
purification, air filtration, and industrial processes. Over time, activated carbon becomes saturated 
with adsorbed contaminants and requires regeneration or disposal. Here is a detailed overview of 
the processes and considerations involved: 

 

Regeneration of Activated Carbon 

1. Thermal Regeneration 
 

Thermal regeneration is the most common method for regenerating activated carbon. This process 
involves heating the saturated carbon to high temperatures (typically 600-900°C) in the presence of 
an inert atmosphere or steam. The high temperature causes the adsorbed organic compounds to 
decompose or desorb, eƯectively cleaning the carbon. 

 

Process: 

 

Drying: Removes moisture content from the carbon. 

Pyrolysis: Inert atmosphere heating breaks down adsorbed organic compounds into smaller 
molecules. 

Oxidation: Some processes use steam or a controlled amount of oxygen to help oxidize the 
remaining contaminants. 

Cooling: The regenerated carbon is cooled down before reuse. 

Advantages: 

 

High eƯectiveness in removing a wide range of contaminants. 

Can restore the adsorption capacity close to that of fresh activated carbon. 

Suitable for large-scale operations. 

Disadvantages: 

 

High energy consumption due to the elevated temperatures required. 

Potential loss of carbon mass due to combustion and attrition. 



Requires specialized equipment and facilities. 

2. Chemical Regeneration 
 

Chemical regeneration involves the use of chemical solutions to desorb contaminants from 
activated carbon. Common chemicals used include acids, bases, and solvents. 

 

Process: 

 

Washing: The saturated carbon is washed with a chemical solution that dissolves or reacts with the 
adsorbed contaminants. 

Rinsing: After chemical treatment, the carbon is thoroughly rinsed to remove any residual 
chemicals. 

Drying: The washed carbon is dried to remove excess moisture. 

Advantages: 

 

EƯective for specific contaminants that are soluble or reactive with the chosen chemical. 

Generally lower energy requirements compared to thermal regeneration. 

Can be performed on-site with relatively simple equipment. 

Disadvantages: 

 

Limited eƯectiveness against a broad range of contaminants. 

Potential for chemical residues to remain on the carbon, aƯecting its performance. 

Disposal of spent chemical solutions can pose environmental challenges. 

Advantages and Disadvantages of Regeneration 

Advantages of Regeneration: 

 

Cost-eƯective compared to purchasing new activated carbon. 

Reduces the environmental impact by minimizing the need for new raw materials. 

Can restore a significant portion of the carbon’s original adsorption capacity. 

Disadvantages of Regeneration: 



 

Potential loss of carbon through the regeneration process. 

The quality of regenerated carbon may not match that of new carbon for all applications. 

Environmental and safety considerations related to the regeneration process (e.g., emissions from 
thermal regeneration, handling of chemicals in chemical regeneration). 

Disposal Methods and Environmental Impact 

When activated carbon can no longer be eƯectively regenerated, it must be disposed of properly. 
The disposal method chosen depends on the nature of the adsorbed contaminants and local 
regulations. 

 

1. Landfilling 

 

Spent activated carbon can be disposed of in landfills. This method is straightforward but requires 
ensuring that the landfill is equipped to handle the specific contaminants present on the carbon. 

 

Environmental Impact: 

 

Potential leaching of contaminants into groundwater if not properly managed. 

Long-term environmental liability associated with hazardous waste. 

2. Incineration 

 

Incineration involves burning the spent activated carbon in a controlled environment. This method 
can destroy organic contaminants and reduce the volume of waste. 

 

Environmental Impact: 

 

Emissions of pollutants, including CO2, NOx, and possibly dioxins, depending on the 
contaminants. 

Requires energy input and may need air pollution control systems to manage emissions. 

3. Recycling and Reuse in Alternative Applications 

 



In some cases, spent activated carbon can be used in other applications where adsorption 
capacity requirements are lower, such as in construction materials or as a fuel source. 

 

Environmental Impact: 
 

Reduces waste and makes use of the residual adsorptive capacity. 

May have limited applicability depending on the contaminants and the regulatory framework. 

Conclusion 

Regeneration of activated carbon, either through thermal or chemical methods, oƯers a cost-
eƯective and environmentally friendly alternative to disposal. However, each method comes with 
its own set of advantages and disadvantages that must be carefully considered based on the 
specific application and contaminants involved. When regeneration is no longer feasible, proper 
disposal methods must be employed to mitigate environmental impacts. 

 

 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ȁకŐ ప­నర తťǳŠ  

1. థరũȽ ప­నర తťǳŠ  

థరũȽ ప­నర తťǳŠ  య�ĥ�śĺÂట½ȭ ĥారŧȴ ను ప­నర తťǳŠ  ĨయేĬ�ǵĥ� అతŪంత Ȏాı�రణ పదţǳ. ఈ పƔĥ�ƘయలĐ సంతృపŠ  

ĥారŧȴ ను జడ ĺాĮ�వరణం లÌİ� ఆȇĸ� సమǖంలĐ అı�క ఉȍčş గƘతలక¡ (Ȏాı�రణంĦా 600-900°C) ĺÂĬ� Ĩేయడం 

జర గ�త§ంİ�. అı�క ఉȍčş గƘత అı�ĻĒļించబĬ�న ĽÐంİ�Ɣయ సĶÉũళĲ�లను క¡ȅŴǷč ķÊల� లÌİ� Ĭ�Ȏč Ȼŧ ĨేĽÐల� 

ĨేసుŠ ంİ�, తİ�ŵĸా ĥారŧȴ ను సమరšవంతంĦా ȉభƔపర సుŠ ంİ�. 

పƔĥ�Ƙయ: 

 ఎండబ·టśడం: ĥారŧȴ నుంĬ� Įమేను ĮúలĦ�సుŠ ంİ�. 

 ĳ¿ౖĸĆȃĽɂి: జడ ĺాĮ�వరణం ĺÂĬ� Ĩేయడం İ�ŵĸా అı�ĻĒļించబĬ�న ĽÐంİ�Ɣయ సĶÉũళĲ�లను ǩనŤ 

అణ�వ­ల¡Ħా ȇǩŗనŤం ĨసేుŠ ంİ�. 

 ఆĥ�Ÿకరణం: ĥóǵŤ పƔĥ�Ƙయల¡ ǽĦ�ȃన ĥాల¡షŪ ĥారĥాలను ఆĥ�Ÿకరణం ĨయేĬ�ǵĥ� ఆȇĸ� లÌİ� ǵయంǳƔత 

ǿతŠంలĐ ఆĥ�Ÿజȴ ను ఉపȂĦ�ȎాŠ ķ. 

 చలųబరచడం: ప­నర తťǳŠ  ĨయేబĬ�న ĥారŧȴ ప­నĸ�ŵǵȂĦాǵĥ� మ�ందు చలųబర సుŠ ంİ�. 



పƔȂజĲ�ల¡: 

 ȇసŠృత ĻÑƘణ� ĥాల¡షŪ ĥారĥాలను ĮúలĦ�ంచడంలĐ అı�క పƔĵ�వం. 

 Į�జ� య�ĥ�śĺÂట½ȭ ĥారŧȴ ȁకŐ అı�ĻĒషణ Ȏామĸాš ƺǵĥ� దగœరĦా ప­నర దţĸ�ంచవచుŖ. 

 ĳ¿దŢ-Ȏాš ķ ĥారŪకల�Ƿాలక¡ అనుక¥లం. 

పƔǳక¥లతల¡: 

 అవసరĶ¸Ûన అı�క ఉȍčş గƘతల ĥారణంĦా అı�క శĥ�Š ȇǵȂగం. 

 దహనం మĸ�య� అట�Ɣషȴ ĥారణంĦా ĥారŧȴ దƔవŪĸాȋ ȁకŐ సంĵ�వŪ నషśం. 

 పƔĮŪేక పĸ�కĸాల¡ మĸ�య� ȎĝకĸాŪల¡ అవసరం. 

2. రȎాయన ప­నర తťǳŠ  

రȎాయన ప­నర తťǳŠలĐ య�ĥ�śĺÂట½ȭ ĥారŧȴ నుంĬ� ĥాల¡షŪ ĥారĥాలను Ĭ�Ȏč Ȼŧ ĨేయĬ�ǵĥ� రȎాయన 

İ�Ɣ వణ�లను ఉపȂĦ�ంచడం జర గ�త§ంİ�. Ȏాı�రణంĦా ఉపȂĦ�ంĨే రȎాయĲ�లలĐ ఆమ�ų ల¡, ǘ�ĸాల¡ మĸ�య� 

İ�Ɣ వĥాల¡ ఉĲ�Ťķ. 

పƔĥ�Ƙయ: 

 కడగడం: సంతృపŠ  ĥారŧȴ ను ఎంచుక¡నŤ రȎాయన İ�Ɣ వణంĮČ కడ¦గ�Į�ర , ఇİ� అı�ĻĒļంిచబĬ�న ĥాల¡షŪ 

ĥారĥాలను కĸ�Ħ�సుŠ ంİ� లÌİ� పƔǳసťంİ�సుŠ ంİ�. 

 కడగడం: రȎాయన ǩĥ�తŸ తĸాŵత, అవĻÑష రȎాయĲ�లను ĮúలĦ�ంచĬ�ǵĥ� ĥారŧȴ ను ప®ĸ�ŠĦా 

కడ¦గ�Į�ర . 

 ఎండబ·టśడం: అదనప­ Įమేను ĮúలĦ�ంచĬ�ǵĥ� కడ¦గ�త§నŤ ĥారŧȴ ను ఎండబ·డĮ�ర . 

పƔȂజĲ�ల¡: 

 ఎంచుక¡నŤ రȎాయనంĮČ కĸ�ĦÃ లÌİ� పƔǳసťంİ�ంĨే ǵĸ�Ţషś ĥాల¡షŪ ĥారĥాలక¡ పƔĵ�వవంతంĦా ఉంట�ంİ�. 

 Ȏాı�రణంĦా థరũȽ ప­నర తťǳŠĮČ Ƿč ȃĽÐŠ  తక¡Őవ శĥ�Š అవసĸాల¡. 

 ȎాĳÐǖంĦా Ȏాı�రణ పĸ�కĸాలĮČ ఆȴ-Ľ¿ౖȫ లĐ ǵరŵľ�ంచవచుŖ. 

పƔǳక¥లతల¡: 

 ȇసŠృత ĻÑƘణ� ĥాల¡షŪ ĥారĥాలక¡ పĸ�ǽత పƔĵ�వం. 



 ĥారŧȴ ĳ¿ౖ రȎాయన అవĻÑȍాల¡ ǽĦ�ȃǷč ķÊ అవĥాశం ఉంİ�, ఇİ� İ�ǵ పǵǴర ను పƔĵ�ȇతం ĨేసుŠ ంİ�. 

 ఖర Ŗ ĨĽేిన రȎాయన İ�Ɣ వణ�ల ǷారĺÂయడం పĸాŪవరణ సĺాళųను కȃĦ�సుŠ ంİ�. 

ప­నర తťǳŠ  ȁకŐ పƔȂజĲ�ల¡ మĸ�య� పƔǳక¥లతల¡ 

ప­నర తťǳŠ  ȁకŐ పƔȂజĲ�ల¡: 

 ĥóతŠ  య�ĥ�śĺÂట½ȭ ĥారŧȴ ను ĥóనుĦĆల¡ Ĩేయడం కంటÎ ఖర ŖĮČ క¥డ¦క¡నŤİ�. 

 ĥóతŠ  మ�Ĭ� పİ�ĸాš ల అవసĸాǵŤ తĦ�œంచడం İ�ŵĸా పĸాŪవరణ పƔĵ�ĺాǵŤ తĦ�œసుŠ ంİ�. 

 ĥారŧȴ ȁకŐ అసల¡ అı�ĻĒషణ ȎామరšƺంలĐ గణǶయĶ¸Ûన ĵ�ĦాǵŤ ప­నర దţĸ�ంచగలదు. 

ప­నర తťǳŠ  ȁకŐ పƔǳక¥లతల¡: 

 ప­నర తťǳŠ  పƔĥ�Ƙయ İ�ŵĸా ĥారŧȴ ȁకŐ సంĵ�వŪ నషśం. 

 ప­నర తťǳŠ  ĨయేబĬ�న ĥారŧȴ ȁకŐ Ĳ�ణŪత అǵŤ అనువరŠĲ�ల ĥąసం ĥóతŠ  ĥారŧȴ ȁకŐ Ĳ�ణŪతక¡ 

సĸ�Ƿč లకǷč వచుŖ. 

 ప­నర తťǳŠ  పƔĥ�Ƙయక¡ సంబంı�ంǩన పĸాŪవరణ మĸ�య� భదƔĮ� పĸ�గణనల¡ (ఉİ�., థరũȽ ప­నర తťǳŠ  

నుంĬ� ఉİ�œ ĸాల¡, రȎాయన ప­నర తťǳŠలĐ రȎాయĲ�ల ǵరŵహణ). 

ǷారĺÂయడం పదţత§ల¡ మĸ�య� పĸాŪవరణ పƔĵ�వం 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ను సమరšవంతంĦా ప­నర తťǳŠ  ĨేయలÌనప­ťడ¦, İ�ǵǵ సĸ�Ħాœ  ǷారĺÂయ�ȃ. ఎంచుక¡నŤ 

ǷారĺÂయడం పదţǳ అı�ĻĒļించబĬ�న ĥాల¡షŪ ĥారĥాల సŵĵ�వం మĸ�య� Ȏాš ǵక ǵబంధనలĳ¿ౖ ఆı�రపĬ� ఉంట�ంİ�. 

1. ల�Ūంȭ Ĵిȃųంȣ 

ఖర Ŗ ĨĽేిన య�ĥ�śĺÂట½ȭ ĥారŧȴ ను ల�Ūంȭ ĴȽి లలĐ ǷారĺÂయవచుŖ. ఈ పదţǳ సూట�Ħా ఉంట�ంİ�, ĥాǶ ĥారŧȴ ĳ¿ౖ 

ఉనŤ ǵĸ�Ţషś ĥాల¡షŪ ĥారĥాలను ǵరŵľ�ంచĬ�ǵĥ� ల�Ūంȭ ĴȽి అమరŖబĬ�ందǵ ǵĸాţ ĸ�ంచడం అవసరం. 

పĸాŪవరణ పƔĵ�వం: 

 సĸ�Ħాœ  ǵరŵľ�ంచకǷč Įే భ¢గరŨ జల�లĐų ĥ� ĥాల¡షŪ ĥారĥాల¡ ȄȦ అķÊŪ అవĥాశం ఉంİ�. 

 పƔమ�దకర వŪĸాš లĮČ సంబంధం ఉనŤ İ�రŔĥాȃక పĸాŪవరణ బ�ధŪత. 

2. దహనం 



దహనం అĲÂİ� ǵయంǳƔత ĺాĮ�వరణంలĐ ఖర Ŗ ĨĽేని య�ĥ�śĺÂట½ȭ ĥారŧȴ ను ĥాలŖడం. ఈ పదţǳ ĽÐంİ�Ɣయ ĥాల¡షŪ 

ĥారĥాలను Ĳ�శనం ĨేసుŠ ంİ� మĸ�య� వŪĸాš ల పĸ�మ�ణ�ǵŤ తĦ�œసుŠ ంİ�. 

పĸాŪవరణ పƔĵ�వం: 

 ĥాల¡షŪ ĥారĥాల ఉİ�œ ĸాల¡, CO2, NOx మĸ�య� ĥాల¡షŪ ĥారĥాలను బట�ś  డయ�ĥ�Ÿȴ లĮČ సȏ. 

 శĥ�Š ఇనుťȫ అవసరం మĸ�య� ఉİ�œ ĸాలను ǵరŵľ�ంచĬ�ǵĥ� ĺాయ� ĥాల¡షŪ ǵయంతƔణ వŪవసšల¡ 

అవసరం ĥావచుŖ. 

3. పƔĮ�Ūమ�Ťయ అనువరŠĲ�లలĐ ĸ�Ľ¿ౖĥ�ųంȣ మĸ�య� ప­నĸ�ŵǵȂగం 

ĥóǵŤ సందĸాŨలĐų , ఖర Ŗ ĨేĽని య�ĥ�śĺÂట½ȭ ĥారŧȴ ను ǵĸాũణ ȎామĦ�ƘలĐ లÌİ� ఇంధన వనర Ħా తక¡Őవ అı�ĻĒషణ 

Ȏామరšƺ అవసĸాల¡ ఉనŤ ఇతర అనువరŠĲ�లలĐ ఉపȂĦ�ంచవచుŖ. 

పĸాŪవరణ పƔĵ�వం: 

 వŪĸాš లను తĦ�œసుŠ ంİ� మĸ�య� అవĻÑష అı�ĻĒషణ Ȏామĸాš ƺǵŤ ఉపȂĦ�సుŠ ంİ�. 

 ĥాల¡షŪ ĥారĥాల¡ మĸ�య� ǵయంతƔణ చటƔంĳ¿ౖ ఆı�రపĬ� పĸ�ǽత వĸ�Šంప­ను కȃĦ� ఉండవచుŖ. 

మ�Ħ�ంప­ 

థరũȽ లÌİ� రȎాయన పదţత§ల İ�ŵĸా య�ĥ�śĺÂట½ȭ ĥారŧȴ ȁకŐ ప­నర తťǳŠ  ǷారĺÂయĬ�ǵĥ� ఖర ŖĮČ 

క¥డ¦క¡నŤ మĸ�య� పĸాŪవరణ అనుక¥ల పƔĮ�Ūమ�Ťయ�ǵŤ అంİ�సుŠ ంİ�. అķĮే, పƔǳ పదţǳ ǵĸ�Ţషś అనువరŠనం 

మĸ�య� Ƿాలþœ నŤ ĥాల¡షŪ ĥారĥాల ఆı�రంĦా జ�గƘతŠĦా పĸ�గణ�ంచవలĽని İ�ǵ సŵంత పƔȂజĲ�ల¡ మĸ�య� 

పƔǳక¥లతలĮČ వసుŠ ంİ�. ప­నర తťǳŠ  ఇకĳ¿ ౖȎాధŪం ĥానప­ťడ¦, పĸాŪవరణ పƔĵ�ĺాలను తĦ�œంచĬ�ǵĥ� సĸ²Óన 

ǷారĺÂయడం పదţత§లను ఉపȂĦ�ంĨ�ȃ. 

 

 

 

 

 

 

 

 



Activated carbon filtration is a widely used method for water and air purification due to its high 
eƯiciency and versatility. However, it also comes with certain limitations such as cost, fouling, and 
regeneration challenges. Here’s a detailed look at the advantages and limitations of activated 
carbon filtration: 

 

Advantages 

High EƯiciency 
 

Adsorption Capacity: Activated carbon has a high surface area due to its porous structure, which 
allows it to adsorb a large amount of contaminants. It is highly eƯective in removing organic 
compounds, chlorine, odors, and volatile organic compounds (VOCs). 

Broad Spectrum Removal: It can eƯectively remove a wide range of contaminants, including 
chemicals, pesticides, herbicides, heavy metals, and even some bacteria and viruses. 

Fast Kinetics: Activated carbon works relatively quickly, making it suitable for real-time filtration 
applications where immediate removal of contaminants is needed. 

Versatility 
 

Wide Range of Applications: Activated carbon can be used in various settings, including residential, 
commercial, and industrial applications. It is commonly used in water treatment plants, air 
purification systems, and even personal devices like water pitchers and air purifiers. 

Multiple Forms: Available in diƯerent forms such as granular activated carbon (GAC), powdered 
activated carbon (PAC), and carbon blocks, which can be tailored to specific applications and 
systems. 

Compatibility with Other Systems: It can be easily integrated with other filtration and purification 
systems, enhancing the overall eƯectiveness of the treatment process. 

Limitations 
Cost 

 

Initial Investment: High-quality activated carbon can be expensive, and the initial setup costs for 
filtration systems using activated carbon can be significant. 

Operational Costs: Over time, the cost of replacing spent activated carbon and maintaining the 
filtration system can add up, especially in high-demand or industrial applications. 



Fouling 

 

Clogging: Activated carbon filters can become clogged with particulate matter, biofilm, and other 
debris, which reduces their eƯiciency and necessitates frequent maintenance and replacement. 

Decreased EƯiciency: As the pores of activated carbon become filled with contaminants, its 
adsorption eƯiciency decreases, requiring regular monitoring and servicing. 

Regeneration Challenges 

 

Complex Process: Regenerating spent activated carbon to restore its adsorption capacity is a 
complex process that typically involves thermal reactivation at high temperatures, which can be 
energy-intensive and costly. 

Potential Contaminant Release: During regeneration, there is a risk of releasing adsorbed 
contaminants back into the environment, necessitating careful handling and additional treatment 
measures. 

Limited Lifespan: Even with regeneration, the lifespan of activated carbon is finite, and it eventually 
needs to be replaced. The frequency of replacement depends on the specific application and the 
level of contaminants. 

Conclusion 

Activated carbon filtration oƯers significant advantages in terms of high eƯiciency and versatility, 
making it a popular choice for a wide range of purification needs. However, its cost, susceptibility to 
fouling, and challenges associated with regeneration need to be carefully considered, particularly 
in large-scale or critical applications. Understanding these factors can help in making informed 
decisions about the use and management of activated carbon filtration systems. 

 

 

 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴిలÌś ƿషȴ ȁకŐ పƔȂజĲ�ల¡ మĸ�య� పĸ�ǽత§ల¡ 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴలిÌś ƿషȴ İ�ǵ అı�క Ȏామరšƺం మĸ�య� బహ¯మ�ఖ పƔజŚ ĥారణంĦా Ƕర  మĸ�య� Ħాȃ ȉİ�ţĥ� 

ȇసŠ ృతంĦా ఉపȂĦ�ంĨే పదţǳ. అķĮే, ఇİ� వŪయం, Ǹĝȃంȣ మĸ�య� ప­నర తťǳŠ  సĺాళ¨ų  వంట� ĥóǵŤ 

పĸ�ǽత§లĮČ క¥Ĭ� వసుŠ ంİ�. య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴలిÌś ƿషȴ ȁకŐ పƔȂజĲ�ల¡ మĸ�య� పĸ�ǽత§లను ఇకŐడ 

ȇవరంĦా పĸ�Ȍȃİ�Ţ ం: 

పƔȂజĲ�ల¡ 



అı�క Ȏామరšƺం 

 అı�ĻĒషణ Ȏామరšƺం: య�ĥ�śĺÂట½ȭ ĥారŧȴ İ�ǵ Ƿč రɂ ǵĸాũణం ĥారణంĦా అı�క ఉపĸ�తల ĺ±ౖĻాల�ŪǵŤ కȃĦ� 

ఉంట�ంİ�, ఇİ� ĳ¿దŢ  ǿతŠంలĐ ĥాల¡షŪ ĥారĥాలను అı�ĻĒļంిచĬ�ǵĥ� అనుమǳసుŠ ంİ�. ఇİ� ĽÐంİ�Ɣయ 

సĶÉũళĲ�ల¡, ĥąų ĸ�ȴ, ĺాసనల¡ మĸ�య� అĽిšర ĽÐంİ�Ɣయ సĶÉũళĲ�ల¡ (VOCల¡) ĮúలĦ�ంచడంలĐ అతŪంత 

పƔĵ�వవంతంĦా ఉంట�ంİ�. 

 ȇసŠృత Ľ¿ťకśǀం ĮúలĦ�ంప­: ఇİ� రȎాయĲ�ల¡, ప­ర గ�మందుల¡, కల¡ప­ సంȏరĥాల¡, ĵ�ĸ� లĐȏల¡ 

మĸ�య� ĥóǵŤ బ�Ūĥ�śĸ�య� మĸ�య� ĺ±రౖɂ లĮČ సȏ అĲÂక రĥాల ĥాల¡షŪ ĥారĥాలను సమరšవంతంĦా 

ĮúలĦ�ంచగలదు. 

 ĺÂగవంతĶ̧Ûన గǳĻాసŠ Ŭం: య�ĥ�śĺÂట½ȭ ĥారŧȴ ȎాĳÐǖంĦా తŵరĦా పǵĨేసుŠ ంİ�, ఇİ� ĥాల¡షŪ ĥారĥాలను 

తǖణĶÉ ĮúలĦ�ంĨ�ȃŸన ǵజ-సమయ వడǷč త అనువరŠĲ�లక¡ అనుక¥లంĦా ఉంట�ంİ�. 

బహ¯మ�ఖ పƔజŚ 

 ȇȇధ అనువరŠĲ�ల ȇసŠ ృత ĻÑƘణ�: య�ĥ�śĺÂట½ȭ ĥారŧȴ ను ǵĺాస, ĺాణ�జŪ మĸ�య� Ƿాĸ�ĻƘా ǽక 

అనువరŠĲ�లĮČ సȏ ȇȇధ Ľ¿ట�śంȣ లలĐ ఉపȂĦ�ంచవచుŖ. ఇİ� Ȏాı�రణంĦా Ƕట� ȉİ�ţ  కĸాũĦాĸాల¡, Ħాȃ 

ȉİ�ţ  వŪవసšల¡ మĸ�య� ĺాటȻ ĳిచȻ ల¡ మĸ�య� ఎķȻ ప®Ūĸ�Ĵ¿యౖȻ ల వంట� వŪĥ�Šగత పĸ�కĸాలలĐ క¥Ĭ� 

ఉపȂĦ�ంచబడ¦త§ంİ�. 

 బహ¯ళ ర¤Ƿాల¡: ĦƘా నుŪలȻ య�ĥ�śĺÂట½ȭ ĥారŧȴ (GAC), ǷĝడȻŝ య�ĥ�śĺÂట½ȭ ĥారŧȴ (PAC) మĸ�య� 

ĥారŧȴ బ�ų ȡ ల¡ వంట� ȇȇధ ర¤ǷాలĐų  అందుబ�ట�లĐ ఉంట�ంİ�, Ȉట�ǵ ǵĸ�Ţషś అనువరŠĲ�ల¡ మĸ�య� 

వŪవసšలక¡ అనుగ�ణంĦా మ�రŖవచుŖ. 

 ఇతర వŪవసšలĮČ అనుక¥లత: ఇİ� ఇతర వడǷč త మĸ�య� ȉİ�ţ  వŪవసšలĮČ సులభంĦా 

అనుసంı�ǵంచబడ¦త§ంİ�, ǩĥ�Į�Ÿ పƔĥ�Ƙయ ȁకŐ ǿతŠం పƔĵ�ĺాǵŤ ĳ¿ంచుత§ంİ�. 

పĸ�ǽత§ల¡ 

వŪయం 

 ǷƔా రంభ ĳ¿ట�ś బĬ�: అı�క-Ĳ�ణŪత య�ĥ�śĺÂట½ȭ ĥారŧȴ ఖĸ�İెనౖİ� మĸ�య� య�ĥ�śĺÂట½ȭ ĥారŧȴ ను 

ఉపȂĦ�ంǩ వడǷč త వŪవసšల ǷƔా రంభ Ľ¿టȵ ఖర Ŗల¡ గణǶయంĦా ఉంట�ķ. 

 ఆపĸÃషనȽ ఖర Ŗల¡: ĥాలకƘĶÉణ�, ఖర Ŗ ĨేĽని య�ĥ�śĺÂట½ȭ ĥారŧȴ ను భĸ�Š Ĩేయడం మĸ�య� వడǷč త 

వŪవసšను ǵరŵľ�ంచడం ȁకŐ ఖర Ŗ, మ�ఖŪంĦా అı�క-Ĭ�మ�ంȭ లÌİ� Ƿాĸ�ĻƘా ǽక అనువరŠĲ�లĐų  

ĳ¿ర గ�త§ంİ�. 



Ǹĝȃంȣ 

 అడ¦ŝ పడటం: య�ĥ�śĺÂట½ȭ ĥారŧȴ Ĵలిśర ų  కణ పİ�రšం, బȂĴిȽũ మĸ�య� ఇతర ȋı�ల�లĮČ 

అడ¦ŝ పడĮ�ķ, ఇİ� ĺాట� Ȏామĸాš ƺǵŤ తĦ�œసుŠ ంİ� మĸ�య� తరచుĦా ǵరŵహణ మĸ�య� ప­నఃȎాš పన 

అవసరం. 

 తĦ�œన Ȏామరšƺం: య�ĥ�śĺÂట½ȭ ĥారŧȴ ȁకŐ రంı�Ɣ ల¡ ĥాల¡షŪ ĥారĥాలĮČ ǵంĬ�నప­ťడ¦, İ�ǵ అı�ĻĒషణ 

Ȏామరšƺం తగ�œ త§ంİ�, İ�ǵĥ� Ȏాı�రణ పరŪĺÂǖణ మĸ�య� ĽÐవ అవసరం. 

ప­నర తťǳŠ  సĺాళ¨ų  

 సంĥ�ųషś  పƔĥ�Ƙయ: İ�ǵ అı�ĻĒషణ Ȏామĸాš ƺǵŤ ప­నర దţĸ�ంచĬ�ǵĥ� ఖర Ŗ ĨĽేిన య�ĥ�śĺÂట½ȭ ĥారŧȴ ను 

ప­నర తťǳŠ  Ĩయేడం ఒక సంĥ�ųషś పƔĥ�Ƙయ, ఇİ� Ȏాı�రణంĦా అı�క ఉȍčş గƘతల వదŢ  థరũȽ ĸ�య�ĥ�śĺÂషȴ ను 

కȃĦ� ఉంట�ంİ�, ఇİ� శĥ�Š-ǴవƔĶ¸Ûనİ� మĸ�య� ఖĸ�İైనİ�. 

 సంĵ�వŪ ĥాల¡షŪ ĥారక ȇడ¦దల: ప­నర తťǳŠ  సమయంలĐ, అı�ĻĒļించబĬ�న ĥాల¡షŪ ĥారĥాలను ǳĸ�Ħ� 

పĸాŪవరణంలĐĥ� ȇడ¦దల ĨĽేÐ పƔమ�దం ఉంİ�, İ�ǵĥ� జ�గƘతŠĦా ǵరŵహణ మĸ�య� అదనప­ ǩĥ�Į�Ÿ చరŪల¡ 

అవసరం. 

 పĸ�ǽత Ǯȇతĥాలం: ప­నర తťǳŠĮČ క¥Ĭ�, య�ĥ�śĺÂట½ȭ ĥారŧȴ ȁకŐ Ǯȇతĥాలం పĸ�ǽతం మĸ�య� 

ǩవĸ�ĥ� İ�ǵǵ భĸ�Š Ĩయే�ȃ. ప­నఃȎాš పన ȁకŐ ĴీƔĥ²ŵǶŸ ǵĸ�Ţషś అనువరŠనం మĸ�య� ĥాల¡షŪ ĥారĥాల 

Ȏాš ķĳ¿ ౖఆı�రపĬ� ఉంట�ంİ�. 

మ�Ħ�ంప­ 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴలిÌś ƿషȴ అı�క Ȏామరšƺం మĸ�య� బహ¯మ�ఖ పƔజŚ పరంĦా గణǶయĶ¸Ûన పƔȂజĲ�లను 

అంİ�సుŠ ంİ�, ఇİ� ȇసŠ ృత ĻÑƘణ� ȉİ�ţ  అవసĸాలక¡ పƔĽిదţ  ఎంĳకిĦా మ�ర త§ంİ�. అķĮే, İ�ǵ వŪయం, Ǹĝȃంȣ క¡ 

గ�ĸ�ĥావడం మĸ�య� ప­నర తťǳŠĥ� సంబంı�ంǩన సĺాళųను జ�గƘతŠĦా పĸ�గణ�ంĨ�ȃ, మ�ఖŪంĦా ĳ¿దŢ -Ȏాš ķ లÌİ� 

ĥ�ųషśĶ̧Ûన అనువరŠĲ�లలĐ. ఈ అంĻాలను అరšం Ĩసేుĥąవడం య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴలిÌś ƿషȴ వŪవసšల ఉపȂగం 

మĸ�య� ǵరŵహణ గ�ĸ�ంǩ సమ�Ĩ�రం ఆı�రంĦా ǵరşయ�ల¡ ǴసుĥąవడంలĐ సȏయపడ¦త§ంİ�. 

 

 

 

 

 



 

Activated carbon filtration has seen significant advancements in recent years, particularly in the 
realms of nanotechnology integration, composite materials, regeneration techniques, and 
addressing emerging contaminants. 

 

Nanotechnology in Activated Carbon: 
Nanotechnology has revolutionized the field of activated carbon filtration by enhancing its surface 
area and adsorption capacity. By manipulating carbon at the nanoscale, researchers have been 
able to create materials with highly porous structures, increasing their eƯiciency in trapping 
contaminants. Nanotechnology also enables functionalization of activated carbon surfaces, 
allowing for selective adsorption of specific pollutants. Additionally, nanomaterials such as carbon 
nanotubes and graphene have been incorporated into activated carbon matrices to further 
enhance their adsorption properties. 

 

Composite Materials: 
Composite materials, combining activated carbon with various additives or substrates, have been 
developed to address specific filtration challenges. These composites often exhibit improved 
mechanical strength, enhanced adsorption capacity, and increased selectivity for target 
contaminants. For instance, incorporating metal oxides or polymers into activated carbon matrices 
can enhance its aƯinity for heavy metals or organic pollutants. 

 

Innovations in Regeneration Techniques: 
Regeneration of spent activated carbon has traditionally been energy-intensive and 
environmentally burdensome. However, recent innovations focus on developing sustainable and 
cost-eƯective regeneration techniques. These include methods such as microwave or ultrasonic 
regeneration, which reduce energy consumption and enhance regeneration eƯiciency. 
Furthermore, advances in chemical regeneration processes and the utilization of renewable 
resources for regeneration agents contribute to the sustainability of activated carbon filtration 
systems. 

 



Emerging Contaminants and Removal EƯiciency: 
With the emergence of new contaminants in water and air, there's a growing need to improve the 
removal eƯiciency of activated carbon filtration. Research in this area focuses on understanding 
the adsorption mechanisms of emerging contaminants and optimizing activated carbon properties 
to target these pollutants eƯectively. Additionally, advancements in analytical techniques enable 
the detection and identification of trace contaminants, driving the development of tailored 
activated carbon formulations for enhanced removal eƯiciency. 

 

In summary, recent advances in activated carbon filtration encompass nanotechnology integration, 
composite material development, innovative regeneration techniques, and addressing the 
challenges posed by emerging contaminants. These advancements contribute to the continued 
evolution of activated carbon filtration as a versatile and eƯective technology for water and air 
purification applications. 

 

 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴిలÌś ƿషȴ లĐ ఇట�వȃ ప­ĸĆగత§ల¡ 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴలిÌś ƿషȴ ఇట�వȃ సంవతŸĸాలలĐ గణǶయĶ¸Ûన ప­ĸĆగత§లను Ȏాı�ంǩంİ�, మ�ఖŪంĦా 

Ĳ�Ĳċట½ĥాŤలǮ ఇంట�ĦÃƘషȴ, ǽశƘమ పİ�ĸాš ల¡, ప­నర తťǳŠ  పదţత§ల¡ మĸ�య� ఉదŨȇసుŠ నŤ ĥాల¡షŪ ĥారĥాలను 

పĸ�షŐĸ�ంచడం వంట� రంĦాలలĐ. 

య�ĥ�śĺÂట½ȭ ĥారŧȴ లĐ Ĳ�Ĳċట½ĥాŤలǮ: 

Ĳ�Ĳċట½ĥాŤలǮ య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴలిÌś ƿషȴ రంĦాǵŤ İ�ǵ ఉపĸ�తల ĺ±ĻౖాలŪం మĸ�య� అı�ĻĒషణ Ȏామĸాš ƺǵŤ 

ĳ¿ంచడం İ�ŵĸా ȇపųĺాతũకం ĨేĽింİ�. Ĳ�ĲċĽÐŐȽ లĐ ĥారŧȴ ను మ�రŖడం İ�ŵĸా, పĸ�ĻĒధక¡ల¡ అı�క Ƿč రɂ 

ǵĸాũణ�లĮČ క¥Ĭ�న పİ�ĸాš లను సృļిśంచగȃĦార , ఇȇ ĥాల¡షŪ ĥారĥాలను బంı�ంచడంలĐ ĺాట� Ȏామĸాš ƺǵŤ 

ĳ¿ంచుĮ�ķ. Ĳ�Ĳċట½ĥాŤలǮ య�ĥ�śĺÂట½ȭ ĥారŧȴ ఉపĸ�తల�ల ఫంǖనల»ౖజÃషȴ ను క¥Ĭ� అనుమǳసుŠ ంİ�, ǵĸ�Ţషś 

ĥాల¡షŪ ĥారĥాల ఎంĳకి అı�ĻĒషణక¡ అనుమǳసుŠ ంİ�. అదనంĦా, ĥారŧȴ Ĳ�Ĳċట£Ūȷ ల¡ మĸ�య� ĦƘా ĴÐȴ వంట� 

Ĳ�ĲċĶ̧ట�ĸ�యȽ లను ĺాట� అı�ĻĒషణ లǖణ�లను మĸ�ంత ĳ¿ంచĬ�ǵĥ� య�ĥ�śĺÂట½ȭ ĥారŧȴ మ�Ūట�ƔȡŸ లలĐ ĨĸేాŖర . 

ǽశƘమ పİ�ĸాš ల¡: 

ȇȇధ సంకలĲ�ల¡ లÌİ� సȷ ĽÐś ƿȫ లĮČ య�ĥ�śĺÂట½ȭ ĥారŧȴ ను కలపడం İ�ŵĸా ǽశƘమ పİ�ĸాš ల¡ ǵĸ�Ţషś వడǷč త 

సĺాళųను పĸ�షŐĸ�ంచĬ�ǵĥ� అǻవృİ�ţ  ĨేయబĬ�ŝ ķ. ఈ ǽశƘమ�ల¡ తరచుĦా Ķర̧ Ħ²Óన య�ంǳƔక బలం, ĳ¿ĸ�Ħ�న 

అı�ĻĒషణ Ȏామరšƺం మĸ�య� లǖŪ ĥాల¡షŪ ĥారĥాల ĥąసం ĳ¿ĸ�Ħ�న ఎంĳికను పƔదĸ�ŶȎాŠ ķ. ఉİ�హరణక¡, లĐహ 



ఆĥ²ÓŸȭ ల¡ లÌİ� ǷాȃమȻ లను య�ĥ�śĺÂట½ȭ ĥారŧȴ మ�Ūట�ƔȡŸ లలĐ ĨరేŖడం వలన ĵ�ĸ� లĐȏల¡ లÌİ� ĽÐంİ�Ɣయ 

ĥాల¡షŪ ĥారĥాల ĥąసం İ�ǵ అనుబంı�ǵŤ ĳ¿ంచుత§ంİ�. 

ప­నర తťǳŠ  పదţత§లĐų  ఆȇషŐరణల¡: 

ఖర Ŗ ĨĽేిన య�ĥ�śĺÂట½ȭ ĥారŧȴ ȁకŐ ప­నర తťǳŠ  ȎాంపƔİ�యకంĦా శĥ�Š-ǴవƔĶ¸Ûనİ� మĸ�య� పĸాŪవరణపరంĦా 

ĵ�రĶ¸Ûనİ�. అķĮే, ఇట�వȃ ఆȇషŐరణల¡ ĽిšరĶ¸Ûన మĸ�య� ఖర ŖĮČ క¥డ¦క¡నŤ ప­నర తťǳŠ  పదţత§లను 

అǻవృİ�ţ  Ĩయేడంĳ¿ౖ దృļిś  ĳ¿డĮ�ķ. Ȉట�లĐ Ķ¸ÛĥąƘ ĺÂȿ లÌİ� అల�ś ƿ Ȏč ǵȡ ప­నర తťǳŠ  వంట� పదţత§ల¡ ఉĲ�Ťķ, ఇȇ 

శĥ�Š ȇǵȂĦాǵŤ తĦ�œȎాŠ ķ మĸ�య� ప­నర తťǳŠ  Ȏామĸాš ƺǵŤ ĳ¿ంచుĮ�ķ. అంĮĥేాక¡ంĬ�, రȎాయన 

ప­నర తťǳŠ  పƔĥ�ƘయలలĐ ప­ĸĆగత§ల¡ మĸ�య� ప­నర తťǳŠ  ఏజ²ంటų  ĥąసం ప­నర Į�ťదక వనర ల ȇǵȂగం 

య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴలిÌś ƿషȴ వŪవసšల ĽిšరĮ�ŵǵĥ� İోహదం ĨేȎాŠ ķ. 

ఉదŨȇసుŠ నŤ ĥాల¡షŪ ĥారĥాల¡ మĸ�య� ĮúలĦ�ంప­ Ȏామరšƺం: 

Ƕర  మĸ�య� ĦాȃలĐ ĥóతŠ  ĥాల¡షŪ ĥారĥాల¡ ఉదŨȇంచడంĮČ, య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴిలÌś ƿషȴ ȁకŐ ĮúలĦ�ంప­ 

Ȏామĸాš ƺǵŤ Ķ¸ర గ�పరĨ�ȃŸన అవసరం ĳ¿ర గ�ĮČంİ�. ఈ రంగంలĐ పĸ�ĻĒధన ఉదŨȇసుŠ నŤ ĥాల¡షŪ ĥారĥాల 

అı�ĻĒషణ యంĮ�Ɣ ంĦాలను అరšం Ĩసేుĥąవడం మĸ�య� ఈ ĥాల¡షŪ ĥారĥాలను సమరšవంతంĦా లǖŪంĦా 

ĨేసుĥąవĬ�ǵĥ� య�ĥ�śĺÂట½ȭ ĥారŧȴ లǖణ�లను ఆĳిśĶ̧ÛȨ Ĩయేడంĳ¿ౖ దృļిś  ĳ¿డ¦త§ంİ�. అదనంĦా, ȇĻÑųషణ�తũక 

పదţత§లĐų ǵ ప­ĸĆగత§ల¡ టÎƔɂ ĥాల¡షŪ ĥారĥాల గ�ĸ�Šంప­ మĸ�య� గ�ĸ�Šంప­ను అనుమǳȎాŠ ķ, ఇİ� Ķర̧ Ħ²Óన 

ĮúలĦ�ంప­ Ȏామరšƺం ĥąసం ర¤Ƿû ంİ�ంǩన య�ĥ�śĺÂట½ȭ ĥారŧȴ Ǹార ũలÌషȴ ల అǻవృİ�ţǵ నĬ�ĳసిుŠ ంİ�. 

ȎాĸాంశంలĐ, య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴలిÌś ƿషȴ లĐ ఇట�వȃ ప­ĸĆగత§ల¡ Ĳ�Ĳċట½ĥాŤలǮ ఇంట�ĦÃƘషȴ, ǽశƘమ పİ�రš 

అǻవృİ�ţ , ȇనూతŤ ప­నర తťǳŠ  పదţత§ల¡ మĸ�య� ఉదŨȇసుŠ నŤ ĥాల¡షŪ ĥారĥాల¡ కȃĦ�ంĨే సĺాళųను 

పĸ�షŐĸ�ంచడం వంట� ĺాట�ǵ కȃĦ� ఉంట�ķ. ఈ ప­ĸĆగత§ల¡ Ƕర  మĸ�య� Ħాȃ ȉİ�ţ  అనువరŠĲ�ల ĥąసం 

బహ¯మ�ఖ మĸ�య� సమరšవంతĶ¸Ûన ȎాంĥÃǳకతĦా య�ĥ�śĺÂట½ȭ ĥారŧȴ ĴిలÌś ƿషȴ ȁకŐ ǵరంతర పĸ�ణ�మ�ǵĥ� 

İోహదం ĨేȎాŠ ķ. 

 

 

 

 

 

 

 



1. Innovations in Material Science: 
Material science plays a crucial role in wastewater treatment, influencing everything from filtration 
membranes to absorbent materials. Here are some future trends and perspectives: 

 

Nanotechnology: Nanomaterials are being explored for their potential in wastewater treatment due 
to their high surface area and reactivity. Nanoparticles can be used for adsorption, catalysis, and 
membrane technology. 

 

Graphene and Graphene Oxide: Graphene-based materials exhibit excellent mechanical strength, 
chemical stability, and high surface area, making them promising candidates for membranes, 
adsorbents, and sensors in wastewater treatment processes. 

 

Advanced Membranes: Research is ongoing to develop membranes with enhanced fouling 
resistance, selectivity, and durability. This includes composite membranes, forward osmosis 
membranes, and bio-inspired membranes. 

 

2. Integration with Other Treatment Processes: 
Wastewater treatment is increasingly becoming a multifaceted process, incorporating various 
treatment methods for better eƯiciency and sustainability. Some trends in integration include: 

 

Advanced Oxidation Processes (AOPs): Integration of AOPs like UV/H2O2, ozone, and 
photocatalysis with conventional treatment methods for the degradation of recalcitrant pollutants 
and micro-pollutants. 

 

Resource Recovery: Integration of recovery processes such as nutrient recovery (phosphorus, 
nitrogen) and energy generation (anaerobic digestion, microbial fuel cells) into wastewater 
treatment plants for sustainability and resource conservation. 

 

Decentralized Treatment Systems: Integration of decentralized treatment systems such as 
constructed wetlands, membrane bioreactors, and anaerobic digesters with centralized treatment 
plants to enhance treatment eƯiciency and resilience. 

 



3. Impact of Climate Change on Wastewater Treatment: 
Climate change presents several challenges to wastewater treatment, including increased rainfall 
intensity, sea-level rise, and extreme weather events. Some perspectives on this topic include: 

 

Infrastructure Resilience: Wastewater treatment infrastructure needs to be resilient to withstand 
extreme weather events such as floods and storms. This may involve upgrading infrastructure, 
implementing green infrastructure solutions, and enhancing emergency response plans. 

 

Water Scarcity: Climate change exacerbates water scarcity in certain regions, leading to increased 
demand for wastewater reuse and recycling. This requires investments in advanced treatment 
technologies and regulatory frameworks to ensure water quality and safety. 

 

Energy Consumption: Climate change mitigation eƯorts often involve reducing energy consumption 
in wastewater treatment processes. This may include optimizing treatment processes, 
implementing energy-eƯicient technologies, and utilizing renewable energy sources. 

 

4. Policy and Economic Considerations: 
Policy and economic factors play a significant role in shaping the future of wastewater treatment. 
Some considerations include: 

 

Regulatory Compliance: Stringent environmental regulations drive innovation and investment in 
wastewater treatment technologies. Compliance with regulations regarding pollutant discharge 
limits, water quality standards, and resource recovery incentives influences the adoption of 
advanced treatment processes. 

 

Cost-EƯectiveness: Economic factors such as capital investment, operation and maintenance 
costs, and life-cycle analysis influence the selection of wastewater treatment technologies. Cost-
eƯective solutions that balance performance and aƯordability are crucial for sustainable 
wastewater management. 

 

Public Awareness and Engagement: Public awareness of wastewater treatment issues, including 
water pollution, resource depletion, and climate change impacts, can influence policy decisions 
and investment priorities. Public engagement and education initiatives promote community 
involvement in wastewater management and conservation eƯorts. 



 

Overall, addressing future trends and perspectives in wastewater treatment requires 
interdisciplinary collaboration among scientists, engineers, policymakers, and stakeholders to 
develop innovative solutions that are environmentally sustainable, economically viable, and 
socially equitable. 

 

వŪరš జల�ల ȉİ�ţలĐ భȇషŪత§Š  Ƿč కడల¡ మĸ�య� దృకťį�ల¡ 

1. Ķ̧ట�ĸ�యȽ Ľ¿ȴౖŸ లĐ ఆȇషŐరణల¡: 

వడǷč త Ƿû రల నుంĬ� ĻĒషక పİ�ĸాš ల వరక¡ పƔǳİ�ǵǵ పƔĵ�ȇతం ĨసేూŠ  వŪరš జల�ల ȉİ�ţలĐ Ķట̧�ĸ�యȽ Ľ¿ȴౖŸ 

ĥ�లక ǷాతƔ Ƿč ļిసుŠ ంİ�. భȇషŪత§Š  Ƿč కడల¡ మĸ�య� దృకťį�ల¡ ĥóǵŤ ఇకŐడ ఉĲ�Ťķ: 

 Ĳ�Ĳċట½ĥాŤలǮ: Ĳ�ĲċĶ¸ట�ĸ�యȽ ల¡ ĺాట� అı�క ఉపĸ�తల ĺ±ĻౖాలŪం మĸ�య� ĸ�య�ĥ�śȇట� ĥారణంĦా వŪరš 

జల�ల ȉİ�ţలĐ ĺాట� Ȏామĸాš ƺǵŤ అĲÂŵļిసుŠ Ĳ�Ťర . Ĳ�ĲċǷాĸ�śకȽŸ ను అı�ĻĒషణం, ఉĮేƍɗరకం మĸ�య� Ƿû ర 

ȎాంĥÃǳకత ĥąసం ఉపȂĦ�ంచవచుŖ. 

 ĦాƘ ĴÐȴ మĸ�య� ĦాƘ ĴÐȴ ఆĥ²ÓŸȭ: ĦƘా ĴÐȴ-ఆı�ĸ�త పİ�ĸాš ల¡ అదుŨతĶ¸Ûన య�ంǳƔక బలం, రȎాయన Ľిšరతŵం 

మĸ�య� అı�క ఉపĸ�తల ĺ±Ļౖాల�ŪǵŤ పƔదĸ�ŶȎాŠ ķ, ఇȇ వŪరš జల�ల ǩĥ�Į�Ÿ పƔĥ�ƘయలలĐ Ƿû రల¡, 

అı�ĻĒషĥాల¡ మĸ�య� Ľ¿Ĳ�Ÿరųక¡ ĺాĦాŢ నĶ¸Ûన అభŪర š ల¡Ħా మ�ర Į�ķ. 

 అధుĲ�తన Ƿû రల¡: ĥాల¡షŪం ǵĸĆధకత, ఎంĳిక మĸ�య� మǵŤకను Ķ¸ర గ�పరచĬ�ǵĥ� Ƿû రలను అǻవృİ�ţ  

ĨేయĬ�ǵĥ� పĸ�ĻĒధన ĥóనȎాగ�ĮČంİ�. ఇందులĐ ǽశƘమ Ƿû రల¡, ǸారŵȻŝ ఓȎč ũĽɂి Ƿû రల¡ మĸ�య� Ǯవ 

ĳÐƔĸÃĳతి Ƿû రల¡ ఉĲ�Ťķ. 

2. ఇతర ǩĥ�Į�Ÿ పƔĥ�ƘయలĮČ అనుసంı�నం: 

వŪరš జల�ల ȉİ�ţ  Ķ¸ర Ħ²Óన Ȏామరšƺం మĸ�య� Ľిšరతŵం ĥąసం ȇȇధ ǩĥ�Į�Ÿ పదţత§లను కȃĦ� ఉనŤ బహ¯మ�ఖ 

పƔĥ�ƘయĦా మ�ర ĮČంİ�. అనుసంı�నంలĐǵ ĥóǵŤ Ƿč కడల¡: 

 అధుĲ�తన ఆĥ�Ÿకరణ పƔĥ�Ƙయల¡ (AOPల¡): ǿంĬ� ĥాల¡షŪ ĥారĥాల¡ మĸ�య� సూǖũ ĥాల¡షŪ ĥారĥాల 

ǘ�ణత ĥąసం ȎాంపƔİ�య ǩĥ�Į�Ÿ పదţత§లĮČ UV/H2O2, ఓజćȴ మĸ�య� Ǹč టĊĥాట�ȃĽɂి వంట� AOPల 

అనుసంı�నం. 

 వనర ల ప­నర దţరణ: Ľిšరతŵం మĸ�య� వనర ల సంరǖణ ĥąసం వŪరš జల�ల ȉİ�ţ  కĸాũĦాĸాలలĐ Ƿč షక 

ప­నర దţరణ (ĵ�సŵరం, నతƔజǵ) మĸ�య� శĥ�Š ఉతťǳŠ  (అĲ�ĸĆǹȡ Ǯరşĥ�Ƙయ, సూǖũǮవ­ల ఇంధన కణ�ల¡) 

వంట� ప­నర దţరణ పƔĥ�Ƙయల అనుసంı�నం. 



 ȇĥÃంİ�Ɣకృత ǩĥ�Į�Ÿ వŪవసšల¡: ǩĥ�Į�Ÿ Ȏామరšƺం మĸ�య� ĽిšǳȎాš పకతను Ķర̧ గ�పరచĬ�ǵĥ� ĥÃంİ�Ɣకృత 

ǩĥ�Į�Ÿ కĸాũĦాĸాలĮČ ǵĸ�ũంǩన ǩతŠĬ� ĲÂలల¡, Ƿû ర బȂĸ�య�కśర ų  మĸ�య� అĲ�ĸĆǹȡ Ǯరşĥ�Ƙయల¡ 

వంట� ȇĥÃంİ�Ɣకృత ǩĥ�Į�Ÿ వŪవసšల అనుసంı�నం. 

3. వŪరš జల�ల ȉİ�ţĳ¿ౖ ĺాĮ�వరణ మ�ర ť పƔĵ�వం: 

ĳ¿ĸ�Ħ�న వరŷǷాతం ǴవƔత, సమ�దƔ మటśం ĳ¿ర గ�దల మĸ�య� ȇపĸ�తĶ¸Ûన ĺాĮ�వరణ సంఘటనలĮČ సȏ 

ĺాĮ�వరణ మ�ర ť వŪరš జల�ల ȉİ�ţĥ� అĲÂక సĺాళųను అంİ�సుŠ ంİ�. ఈ అంశంĳ¿ ౖĥóǵŤ దృకťį�ల¡: 

 మėȃక సదుǷాయ�ల ĽిšǳȎాš పకత: వరదల¡ మĸ�య� త§Ǹానుల¡ వంట� ȇపĸ�తĶ¸Ûన ĺాĮ�వరణ 

సంఘటనలను తట�ś ĥąవĬ�ǵĥ� వŪరš జల�ల ǩĥ�Į�Ÿ మėȃక సదుǷాయ�ల¡ ĽిšǳȎాš పకంĦా ఉంĬ�ȃ. ఇİ� 

మėȃక సదుǷాయ�లను అȵ ĦÃƘȭ Ĩేయడం, పచŖట� మėȃక సదుǷాయ�ల పĸ�ȍాŐĸాలను అమల¡ Ĩేయడం 

మĸ�య� అతŪవసర పƔǳసťందన పƔణ�ȅకలను Ķర̧ గ�పరచడం వంట� ĺాట�ǵ కȃĦ� ఉంట�ంİ�. 

 Ƕట� ĥóరత: ĺాĮ�వరణ మ�ర ť ĥóǵŤ ǷƔా ంĮ�లలĐ Ƕట� ĥóరతను ǴవƔతరం ĨేసుŠ ంİ�, వŪరš జల�ల 

ప­నĸ�ŵǵȂగం మĸ�య� ĸ�Ľ¿ĥౖ�ųంȣ ĥąసం ĳ¿ĸ�Ħ�న Ĭ�మ�ంȭ క¡ İ�ĸ�ǴసుŠ ంİ�. ఇİ� Ƕట� Ĳ�ణŪత మĸ�య� 

భదƔతను ǵĸాţ ĸ�ంచĬ�ǵĥ� అధుĲ�తన ǩĥ�Į�Ÿ ȎాంĥÃǳకతల¡ మĸ�య� ǵయంతƔణ చట�Ɣ లలĐ ĳ¿ట�ś బడ¦ల¡ 

అవసరం. 

 శĥ�Š ȇǵȂగం: ĺాĮ�వరణ మ�ర ť తĦ�œంప­ పƔయĮ�Ťల¡ తరచుĦా వŪరš జల�ల ǩĥ�Į�Ÿ పƔĥ�ƘయలలĐ శĥ�Š 

ȇǵȂĦాǵŤ తĦ�œంచడం కȃĦ� ఉంట�ķ. ఇİ� ǩĥ�Į�Ÿ పƔĥ�Ƙయలను ఆĳిśĶ̧ÛȨ Ĩేయడం, శĥ�Š-సమరšవంతĶ¸Ûన 

ȎాంĥÃǳకతలను అమల¡ Ĩేయడం మĸ�య� ప­నర Į�ťదక శĥ�Š వనర లను ఉపȂĦ�ంచడం వంట� ĺాట�ǵ 

కȃĦ� ఉంట�ంİ�. 

4. ȇı�నం మĸ�య� ఆĸ�šక పĸ�గణనల¡: 

వŪరš జల�ల ȉİ�ţ  భȇషŪత§Š ను ర¤Ƿû ంİ�ంచడంలĐ ȇı�నం మĸ�య� ఆĸ�šక అంĻాల¡ మ�ఖŪĶ̧Ûన ǷాతƔ Ƿč ļిȎాŠ ķ. 

ĥóǵŤ పĸ�గణనల¡: 

 ǵయంతƔణ అనుగ�ణŪత: కī�నĶ¸Ûన పĸాŪవరణ ǵబంధనల¡ వŪరš జల�ల ǩĥ�Į�Ÿ ȎాంĥÃǳకతలలĐ ఆȇషŐరణ 

మĸ�య� ĳ¿ట�ś బడ¦లను నĬ�ĳȎిాŠ ķ. ĥాల¡షŪ ĥారక ȇడ¦దల పĸ�ǽత§ల¡, Ƕట� Ĳ�ణŪత పƔమ�ణ�ల¡ 

మĸ�య� వనర ల ప­నర దţరణ Ƿč Ɣ Į�Ÿహĥాలక¡ సంబంı�ంǩన ǵబంధనలక¡ అనుగ�ణంĦా ఉండటం 

అధుĲ�తన ǩĥ�Į�Ÿ పƔĥ�Ƙయల Ľీŵకరణను పƔĵ�ȇతం ĨసేుŠ ంİ�. 

 ఖర Ŗ-పƔĵ�వం: మ¢లధన ĳ¿ట�ś బĬ�, ఆపĸÃషȴ మĸ�య� ǵరŵహణ ఖర Ŗల¡ మĸ�య� Ǯȇత-చకƘ ȇĻÑųషణ 

వంట� ఆĸ�šక అంĻాల¡ వŪరš జల�ల ǩĥ�Į�Ÿ ȎాంĥÃǳకతల ఎంĳకిను పƔĵ�ȇతం ĨేȎాŠ ķ. పǵǴర  మĸ�య� 



సరసతను సమత§లŪం ĨĽేÐ ఖర ŖĮČ క¥డ¦క¡నŤ పĸ�ȍాŐĸాల¡ ĽిšరĶ¸Ûన వŪరš జల�ల ǵరŵహణక¡ Ĩ�ల� 

ĥ�లకం. 

 పƔజ� అవĦాహన మĸ�య� ǵȋŖĮ�రšం: Ƕట� ĥాల¡షŪం, వనర ల ǘ�ణత మĸ�య� ĺాĮ�వరణ మ�ర ť 

పƔĵ�ĺాలĮČ సȏ వŪరš జల�ల ǩĥ�Į�Ÿ సమసŪలĳ¿ ౖపƔజ� అవĦాహన ȇı�న ǵరşయ�ల¡ మĸ�య� ĳ¿ట�ś బĬ� 

ǷƔా ı�నŪతలను పƔĵ�ȇతం ĨసేుŠ ంİ�. పƔజ� ǵȋŖĮ�రšం మĸ�య� ȇİ�Ū ĥారŪకƘమ�ల¡ వŪరš జల�ల ǵరŵహణ 

మĸ�య� సంరǖణ పƔయĮ�ŤలలĐ సంఘం పƔĶÉయ�ǵŤ Ƿč Ɣ తŸľ�ȎాŠ ķ. 

ǿతŠంǾద, పĸాŪవరణపరంĦా ĽిšరĶ¸Ûన, ఆĸ�šకంĦా ఆచరణ�యĶ¸Ûన మĸ�య� Ȏామ�ǭకంĦా సమ�నĶ¸Ûన ȇనూతŤ 

పĸ�ȍాŐĸాలను అǻవృİ�ţ  ĨయేĬ�ǵĥ� ĻాసŠ ŬĺÂతŠల¡, ఇంజǶర ų , ȇı�న ర¤పకరŠల¡ మĸ�య� ĺాట�İ�ర ల¡ మధŪ 

అంతĸ�ŵĵ�గ సహĥారం వŪరš జల�ల ǩĥ�తŸలĐ భȇషŪత§Š  Ƿč కడల¡ మĸ�య� దృకťį�లను పĸ�షŐĸ�ంచĬ�ǵĥ� 

అవసరం. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Questions: Activated Carbon Filtration for Wastewater 
Treatment 
1. Introduction to Activated Carbon Filtration 

What is activated carbon filtration, and how does it work? 

How has the use of activated carbon in wastewater treatment evolved over time? 

Why is activated carbon filtration important in the context of wastewater treatment? 

2. Types of Activated Carbon 

What are the diƯerences between granular activated carbon (GAC) and powdered activated carbon 
(PAC)? 

In what applications is extruded or pelletized activated carbon used? 

How do the diƯerent types of activated carbon aƯect their use in wastewater treatment? 

3. Production and Properties of Activated Carbon 

What raw materials are commonly used in the production of activated carbon? 

What are the main steps in the physical and chemical activation processes of activated carbon? 

How do surface area and pore structure impact the eƯectiveness of activated carbon in filtration? 

What role do surface functional groups play in the adsorption properties of activated carbon? 

4. Mechanisms of Activated Carbon Filtration 

What are the fundamental principles of adsorption in activated carbon filtration? 

How do pH, temperature, and contact time influence the adsorption process? 

What are adsorption isotherms, and how do the Langmuir and Freundlich models diƯer? 

5. Design and Operation of Activated Carbon Filtration Systems 

What are the key features of fixed-bed and fluidized-bed reactors? 

How do you determine the optimal design parameters such as flow rate, bed depth, and contact 
time for a filtration system? 

What are the best practices for the operation and maintenance of activated carbon filtration 
systems? 

6. Applications in Wastewater Treatment 

What types of organic contaminants can activated carbon remove from wastewater? 



How eƯective is activated carbon in removing inorganic contaminants such as heavy metals and 
nitrates? 

Can you provide examples of industrial eƯluents that are treated using activated carbon? 

How is activated carbon filtration applied in municipal wastewater treatment plants? 

7. Regeneration and Disposal of Activated Carbon 

What are the methods available for the thermal regeneration of activated carbon? 

How does chemical regeneration work, and what are its advantages and disadvantages? 

What are the environmental impacts of disposing of spent activated carbon? 

8. Advantages and Limitations of Activated Carbon Filtration 

What are the main advantages of using activated carbon for wastewater treatment? 

What are the limitations and challenges associated with activated carbon filtration? 

How can fouling and regeneration challenges be mitigated? 

9. Case Studies and Real-world Applications 

Can you describe a case study where activated carbon filtration significantly improved wastewater 
treatment? 

How do industrial wastewater treatment plants utilize activated carbon diƯerently from municipal 
plants? 

How does activated carbon filtration compare to other wastewater treatment technologies in terms 
of eƯiciency and cost? 

10. Recent Advances and Research in Activated Carbon Filtration 

How is nanotechnology being applied to improve activated carbon filtration? 

What are composite materials, and how do they enhance the performance of activated carbon? 

What new regeneration techniques have been developed recently? 

What are some of the emerging contaminants that activated carbon filtration can eƯectively 
remove? 

11. Regulatory and Environmental Considerations 

What are the key environmental regulations and standards governing the use of activated carbon in 
wastewater treatment? 

What health and safety aspects need to be considered when handling and using activated carbon? 

How do you assess the sustainability and environmental impact of activated carbon filtration? 

12. Future Trends and Perspectives 



What innovations in material science are likely to impact the future of activated carbon filtration? 

How can activated carbon filtration be integrated with other treatment processes for improved 
eƯiciency? 

What is the expected impact of climate change on the requirements and eƯectiveness of 
wastewater treatment processes? 

How do policy and economic considerations influence the adoption of activated carbon filtration 
technologies? 

These questions cover a broad range of topics and are designed to promote a comprehensive 
understanding of activated carbon filtration in wastewater treatment. 


