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1: Powdered activated carbon treatment - Wikipedia
Powdered Activated Carbon Treatment (PACT) is a wastewater technology in which powdered activated carbon is
added to an anaerobic or aerobic treatment system. The carbon in the biological treatment process adsorbs recalcitrant
compounds that are not readily biodegradable, thereby reducing the chemical oxygen demand of the wastewater and
removing toxins.

Environmental Protection Agency, have been grouped into nine series. These nine broad cate- gories were
established to facilitate further development and application of en- vironmental technology. Elimination of
traditional grouping was consciously planned to foster technology transfer and a maximum interface in related
fields. The nine series are: Environmental Health Effects Research 2. Environmental Protection Technology 3.
Socioeconomic Environmental Studies 6. Interagency Energy-Environment Research and Development 8.
This series describes research performed to develop and dem- onstrate instrumentation, equipment, and
methodology to repair or prevent en- vironmental degradation from point and non-point sources of pollution.
This work provides the new or improved technology required for the control and treatment of
pollution-sources to meet environmental quality standards. This document is available to the public through
the National Technical Informa- tion Service, Springfield, Virginia Kerr Environ- mental Research
Laboratory, U. Environmental Protection Agency, and approved for publication. Mention of trade names or
commer- cial products does not constitute endorsement or recommendation for use. As one of these facilities,
the Robert S. Kerr Environmental Research Laboratory is responsible for the management of programs to:
This report contributes to the knowledge essential if the EPA is to meet the requirements of environmental
laws that it establish and enforce pollution control standards which are reasonable, cost effective and provide
adequate protection for the American public. Galegai Director Robert S. During this decade, the articles as
well as claims for and against activated carbon treatment for industrial waste- waters are increasing at a
phenomenal rate. Other prime users of the technical data base are industry, consultants and academia. Because
of the tremendous interest in the organic consti- tuent removal by activated carbon, the two industrial
categories displaying the most interest are the petroleum refining and pet- rochemical industries. The technical
papers pre- sented research activities conducted by consultants, industries, and EPA. The presentations made
at these symposia have been arranged into the following sequence: Economics of Activated Carbon Treatment
are presented in the applicable individual technical papers and is not a separate topic for this report. Simplified
Flow Diagram, Tahoe, California. These effluent quality criteria and the accompanying development
documents prominently mention carbon as an applicable and attractive treatment concept, particularly in the
Best Available Treatment Economically Achievable BATEA process mode currently stated as necessary to
produce the quality level objective. Until recently, most of the literature has dealt with exploring theoretical
concepts and documenting experimental results. As more information on full-scale opera- tions is becoming
available, however, it is considered appropriate to review the current state of the art of activated carbon
treatment - both in municipal and industrial sectors. It is the purpose of this treatise, therefore, to present
pertinent and current information relative to the activated carbon treatment of municipal and industrial
wastewaters. A brief discussion of adsorption concepts and carbon characteristics also is included. These
attractive forces are satisfied in the solid phase interior molecules, having the ability to capture certain fluid
molecules as they contact the surface, van Der Waals forces are the bases for the adsorption of waste- water
constituents onto carbon which has been activated to maximize this interphase accumulation of liquid
constituents at the surface or interphase of the solid phase. The rate at which substances are removed from the
liquid phase adsorbate to the solid phase adsorbent is of paramount importance when evaluating the efficacy
of acti- vated carbon as a wastewater treatment process. Unfortunately, the task of quantifying the many forces
acting at the solid-liquid interface is a formidable one. The overall adsorption rate represents the combined
effects of diffusion through a laminar layer of fluid surrounding the constituent, surface diffusion, and
adsorption on the internal pore surfaces. One expression for the continuous-flow regime assumes the diffusion
of the constituent through the liquid phase and through the pores of the carbon which are rate-limiting , then
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combining these resistances in an overall mass coefficient term. The initial rate would be limited by the rate of
adsorbate transfer across the film layer, film diffusion, or, if sufficient turbulence existed, control would be
exerted by the combined rate of external surface adsorption and macropore filling. This model is illustrated in
Figure 1 2. The development of adsorbate removal kinetics on a batch basis can be used to appro- ximate
carbon effectiveness and predict organic residual levels. The isotherm is expressed in terms of removal of an
impurity - such as BOD, COD, and color - per unit weight of carbon as a function of the equilibrium impurity
remaining in solution. Linear plots as shown in Figure 2 can be expressed in terms of the empirical Freundlich
equation. This expression relates the amount of impurity in the adsorbed phase to that in solution: As shown in
Figure 2, its application is limited in certain cases when a significant portion of the organic impurities are not
amenable to sorption, resulting in a constant residual, regardless of the carbon dosage. The constants "n" and
"K" can be used to define both the nature of the carbon and the adsorbate. A high "K" and "n" value, for
example, indicate good adsorption through- out the concentration range studied. A low "K" and "n" value
would infer low adsorption at dilute concentrations with high adsorption at the more concentrated levels.
Variations of the constants for selected wastewaters are shown in Table 1 3. A brief discussion of the more
important factors is presented herein. The molecular structure, or nature of the adsorbate, is partic-. As a rule,
branched-chain compounds are more sorbable than straight-chain compounds, the type and location of the
substituent functional group affects adsorbability, and molecules which are low in polarity and solubility tend
to be preferentially adsorbed. Unless the screening action of the carbon pores actually impedes, large
molecules are more sorbable than small molecules of similar chemical nature. This is attributable to more
solute chemical bonds being formed, making desorption more difficult. Inorganic compounds demonstrate a
wide range of adsorbability. Disassociated salts - such as potassium chloride and sodium sulfate - are
essentially nonsorbable. Mercuric chloride and ferric chloride are relatively sorbable, and iodine is one of the
most adsorbable substances known. Organic compound sorbability can be classified to some extent. Primary
alcohols and sugars, for example, are resistant to adsorption, while ethers and certain organic acids are highly
sorbable. Recently published experimental data presented in Table 2 are indicative of the sorbability of many
organic compounds 4. Additional sorbability data conducted independently are presented in Table 3. An
increase in solubility acts to oppose the attraction of the adsorbate to carboru Thus, polar groups which have a
high affinity for water usually diminish adsorption from aqueous solutions. Conversely, the greater adsorption
of the higher aliphatic acids and alcohols is attributed in part of their relatively lower solubility in an aqueous
solution. There are exceptions to this, as in the case of the highly soluble chloracetic acid 5. Hydrogen ions,
which are significantly adsorbed under some conditions, would be an exception to this. Some negative ions,
therefore, are more sorbable when associated with hydrogen ions. For this reason, mineral acids - such as
sulfuric acid - are sorbable at higher concentrations. A low pH, for example, promotes the adsorption of
organic acids whereas a high pH would favor the adsorption of organic bases. Phenol adsorbs strongly at
neutral or low pH while the adsorption of the phenolate salt at a high pH is poor. The optimum pH is therefore
solute-specific and must be determined for each wastewater. As adsorption reactions are generally exothermic
and high temperatures usually slow or retard the adsorption process, lower temperatures have been reported to
favor adsorption 1,5. Very little information has been presented, however, which documents significant shifts
in adsorbability within the temperature range of 65 F to 90 F typical of most wastewaters. Lower temperatures
should increase adsorption, but the effect in aqueous solutions is very small. Adsorption of Mixed Solutes.
Most wastewaters contain a myriad of compounds which may mutually enhance, interfere, or act
independently in the adsorption process. Factors which affect overall adsorption of multiple adsorbates include
the relative molecular size and configuration, the relative adsorptive affinities, and the relative concentrations
of the solutes 1. Predictive models obviously require validation for complex wastewaters, as extrapolation
from investigations using synthesized wastes containing controlled concen- trations of selected adsorbates
may not reflect all of the interactions occurring in the waste. A summary of the factors which potentially
influence adsorbability is presented in Table 4. Granular carbons produced from medium volatile bituminous
coal or lignite have been most widely applied in the treatment of wastewater as they are relatively inexpensive
and readily available. The activation of carbon is essentially a two-phase process which includes burning off
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the amorphous decom- position products and enlarging the pores in the carbonized material 6. The yield
following carbonization is approximately 80 percent. In the activation process, the kind of adsorptive powers
developed are determined by: The proper activation conditions provide an oxidation which selectively erodes
the surface so as to increase the surface area, develop greater porosity, and leave the remaining atoms arranged
in configurations that have specific affinities. Activated carbons from coke, coal, or lignite have specific
properties, depending on the material source and the mode of activation. Property standards are therefore
helpful in specifying carbons to perform a specific task. As a rule, granular carbons made from calcined
petroleum coke have the smallest pore size, the largest surface area, and the highest bulk density. Lignite
carbon has the largest pore size, least surface area, and the lowest bulk density. Bituminous coal has a bulk
density equal to that of petroleum coke and an average pore size and surface area somewhere between those of
petroleum coke and lignite-based carbons 7. A brief description of carbon properties follows: Jotal Surface
Area; This is the surface area of carbon expressed in square meters per gram, normally measured by the
adsorption of nitrogen gas by the BET method 8. Apparent density is the weight in grams of one ml of carbon
in air. Bulk density, backwashed and drained, is often used and is usually expressed in pounds per cubic foot.
The particle size distribution is critical in terms of hydraulic loading and backwash rates. Commonly
manufactured particle size ranges for granular activated carbons expressed in limiting U. Standard Sieve Sizes
include 8 x 16, 8 x 30, 10 x 30, 12 x 40, and 20 x Effective sizes sieve opening at which 10 percent of the
material passes range from 0. In general, the uniformity coefficient the millimeter opening at which 60 percent
of the material passes divided by the millimeter opening at which 10 percent of the material passes for
granular activated carbon should not exceed 2. The best measure of adsorptive capacity is the effectiveness of
the carbon in removing the critical constituents BOD, COD, color, etc. Various tests, however, have been
developed to give relative removal capacities of activated carbon under specific conditions. The iodine
number, defined as the milligrams of iodine adsorbed by one gram of carbon with an iodine concentration in
the residual filtrate is 0. The iodine number measures the micropores having an effective radius of less than 20
angstroms and the molasses number measures the transitional pores ranging from 20 to angstroms. These are
the principal general parameters used in specifying carbons, the objective being the selected carbon 1.
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2: Powder activated carbon feed system | Sodimate Inc
Powdered Activated Carbon Calgon Carbon is a world leader in powdered activated carbons (PAC), offering an
exceptional range of PAC and reactivated carbon formulations engineered for the purification of air, water, and
numerous industrial processes.

Volatile organic compounds capture from painting , dry cleaning , gasoline dispensing operations, and other
processes. During early implementation of the Safe Drinking Water Act in the US, EPA officials developed a
rule that proposed requiring drinking water treatment systems to use granular activated carbon. Because of its
high cost, the so-called GAC rule encountered strong opposition across the country from the water supply
industry, including the largest water utilities in California. Hence, the agency set aside the rule. There are
specific types of activated carbon filtration methods and equipment that are indicated â€” depending upon the
contaminants involved. Agriculture uses[ edit ] Activated carbon charcoal is an allowed substance used by
organic farmers in both livestock production and wine making. In livestock production it is used as a pesticide,
animal feed additive, processing aid, nonagricultural ingredient and disinfectant. Lincoln County Process
Activated carbon filters AC filters can be used to filter vodka and whiskey of organic impurities which can
affect color, taste, and odor. Passing an organically impure vodka through an activated carbon filter at the
proper flow rate will result in vodka with an identical alcohol content and significantly increased organic
purity, as judged by odor and taste. The porous material acts like a sponge for different types of gases. The gas
is attracted to the carbon material via Van der Waals forces. Some carbons have been able to achieve bonding
energies of 5â€”10 kJ per mol. The gas may then be desorbed when subjected to higher temperatures and
either combusted to do work or in the case of hydrogen gas extracted for use in a hydrogen fuel cell. Gas
storage in activated carbons is an appealing gas storage method because the gas can be stored in a low
pressure, low mass, low volume environment that would be much more feasible than bulky on-board pressure
tanks in vehicles. The United States Department of Energy has specified certain goals to be achieved in the
area of research and development of nano-porous carbon materials. All of the goals are yet to be satisfied but
numerous institutions, including the ALL-CRAFT program [1] [2] , [12] are continuing to conduct work in
this promising field. Gas purification[ edit ] Filters with activated carbon are usually used in compressed air
and gas purification to remove oil vapors, odor, and other hydrocarbons from the air. The most common
designs use a 1-stage or 2 stage filtration principle in which activated carbon is embedded inside the filter
media. Activated carbon filters are used to retain radioactive gases within the air vacuumed from a nuclear
boiling water reactor turbine condenser. The large charcoal beds adsorb these gases and retain them while they
rapidly decay to non-radioactive solid species. The solids are trapped in the charcoal particles, while the
filtered air passes through. Chemical purification[ edit ] Activated carbon is commonly used on the laboratory
scale to purify solutions of organic molecules containing unwanted colored organic impurities. Filtration over
activated carbon is used in large scale fine chemical and pharmaceutical processes for the same purpose. The
carbon is either mixed with the solution then filtered off or immobilized in a filter. Mercury scrubbing[ edit ]
Activated carbon, often infused with sulfur [13] or iodine, is widely used to trap mercury emissions from
coal-fired power stations , medical incinerators , and from natural gas at the wellhead. In the Netherlands, this
mercury is largely recovered[ citation needed ] and the activated carbon is disposed of by complete burning.
Production[ edit ] Activated carbon is carbon produced from carbonaceous source materials such as bamboo,
coconut husk, willow peat , wood , coir , lignite , coal , and petroleum pitch. It can be produced by one of the
following processes: The source material is developed into activated carbons using hot gases. Air is then
introduced to burn out the gasses, creating a graded, screened and de-dusted form of activated carbon. This is
generally done by using one or a combination of the following processes: Prior to carbonization, the raw
material is impregnated with certain chemicals. Classification[ edit ] Activated carbons are complex products
which are difficult to classify on the basis of their behaviour, surface characteristics and other fundamental
criteria. However, some broad classification is made for general purpose based on their size, preparation
methods, and industrial applications. Powdered activated carbon[ edit ] See also: Powdered activated carbon
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treatment A micrograph of activated charcoal R 1 under bright field illumination on a light microscope. Notice
the fractal -like shape of the particles hinting at their enormous surface area. Each particle in this image,
despite being only around 0. The entire image covers a region of approximately 1. Normally, activated carbons
R 1 are made in particulate form as powders or fine granules less than 1. Thus they present a large surface to
volume ratio with a small diffusion distance. PAC material is finer material. The ASTM classifies particles
passing through an mesh sieve 0. It is not common to use PAC in a dedicated vessel, due to the high head loss
that would occur. Instead, PAC is generally added directly to other process units, such as raw water intakes,
rapid mix basins, clarifiers, and gravity filters. Granular activated carbon[ edit ] A micrograph of activated
charcoal GAC under scanning electron microscope Granular activated carbon GAC has a relatively larger
particle size compared to powdered activated carbon and consequently, presents a smaller external surface.
Diffusion of the adsorbate is thus an important factor. These carbons are suitable for adsorption of gases and
vapors, because they diffuse rapidly. Granulated carbons are used for water treatment , deodorization and
separation of components of flow system and is also used in rapid mix basins. GAC can be either in granular
or extruded form. Standard Mesh Size No. AWWA B uses the mesh sieve 0. Extruded activated carbon[ edit ]
Extruded activated carbon EAC combines powdered activated carbon with a binder, which are fused together
and extruded into a cylindrical shaped activated carbon block with diameters from 0. These are mainly used
for gas phase applications because of their low pressure drop, high mechanical strength and low dust content.
Bead activated carbon BAC [ edit ] Bead activated carbon BAC is made from petroleum pitch and supplied in
diameters from approximately 0. Similar to EAC, it is also noted for its low pressure drop, high mechanical
strength and low dust content, but with a smaller grain size. Its spherical shape makes it preferred for fluidized
bed applications such as water filtration. Impregnated carbon[ edit ] Porous carbons containing several types
of inorganic impregnate such as iodine , silver , cations such as Al, Mn, Zn, Fe, Li, Ca have also been prepared
for specific application in air pollution control especially in museums and galleries. Due to its antimicrobial
and antiseptic properties, silver loaded activated carbon is used as an adsorbent for purification of domestic
water. Drinking water can be obtained from natural water by treating the natural water with a mixture of
activated carbon and Al OH 3 , a flocculating agent. Impregnated carbons are also used for the adsorption of
Hydrogen Sulfide H2S and thiols. Polymer coated carbon[ edit ] This is a process by which a porous carbon
can be coated with a biocompatible polymer to give a smooth and permeable coat without blocking the pores.
The resulting carbon is useful for hemoperfusion. Woven activated carbon cloth Woven carbon[ edit ] There is
a technology of processing technical rayon fiber into activated carbon cloth for carbon filtering. Adsorption
capacity of activated cloth is greater than that of activated charcoal BET theory surface area: Thanks to the
different forms of activated material, it can be used in a wide range of applications supercapacitors ,
odour-absorbers, CBRN defense industry etc. Under an electron microscope , the high surface-area structures
of activated carbon are revealed. Individual particles are intensely convoluted and display various kinds of
porosity ; there may be many areas where flat surfaces of graphite -like material run parallel to each other [16]
, separated by only a few nanometers or so. These micropores provide superb conditions for adsorption to
occur, since adsorbing material can interact with many surfaces simultaneously. James Dewar , the scientist
after whom the Dewar vacuum flask is named, spent much time studying activated carbon and published a
paper regarding its adsorption capacity with regard to gases. Activated carbon does not bind well to certain
chemicals, including alcohols , diols , strong acids and bases , metals and most inorganics , such as lithium ,
sodium , iron , lead , arsenic , fluorine , and boric acid. Activated carbon adsorbs iodine very well. Carbon
monoxide is not well adsorbed by activated carbon. This should be of particular concern to those using the
material in filters for respirators, fume hoods or other gas control systems as the gas is undetectable to the
human senses, toxic to metabolism and neurotoxic. Substantial lists of the common industrial and agricultural
gases adsorbed by activated carbon can be found online. This property is known as chemisorption. Iodine
number[ edit ] Many carbons preferentially adsorb small molecules. Iodine number is the most fundamental
parameter used to characterize activated carbon performance. It is the standard measure for liquid-phase
applications. Iodine number is defined as the milligrams of iodine adsorbed by one gram of carbon when the
iodine concentration in the residual filtrate is at a concentration of 0. Basically, iodine number is a measure of
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the iodine adsorbed in the pores and, as such, is an indication of the pore volume available in the activated
carbon of interest. Typically, water-treatment carbons have iodine numbers ranging from to Frequently, this
parameter is used to determine the degree of exhaustion of a carbon in use. However, this practice should be
viewed with caution, as chemical interactions with the adsorbate may affect the iodine uptake, giving false
results. Thus, the use of iodine number as a measure of the degree of exhaustion of a carbon bed can only be
recommended if it has been shown to be free of chemical interactions with adsorbates and if an experimental
correlation between iodine number and the degree of exhaustion has been determined for the particular
application. Molasses[ edit ] Some carbons are more adept at adsorbing large molecules. A high molasses
number indicates a high adsorption of big molecules range 95â€” Caramel dp decolorizing performance is
similar to molasses number. The European molasses number range â€” is inversely related to the North
American molasses number. Molasses Number is a measure of the degree of decolorization of a standard
molasses solution that has been diluted and standardized against standardized activated carbon. Due to the size
of color bodies, the molasses number represents the potential pore volume available for larger adsorbing
species. As all of the pore volume may not be available for adsorption in a particular waste water application,
and as some of the adsorbate may enter smaller pores, it is not a good measure of the worth of a particular
activated carbon for a specific application. Frequently, this parameter is useful in evaluating a series of active
carbons for their rates of adsorption. Given two active carbons with similar pore volumes for adsorption, the
one having the higher molasses number will usually have larger feeder pores resulting in more efficient
transfer of adsorbate into the adsorption space. Tannin[ edit ] Tannins are a mixture of large and medium size
molecules. Carbons with a combination of macropores and mesopores adsorb tannins. The ability of a carbon
to adsorb tannins is reported in parts per million concentration range ppmâ€” ppm. Dechlorination[ edit ]
Some carbons are evaluated based on the dechlorination half-life length, which measures the chlorine-removal
efficiency of activated carbon. The dechlorination half-value length is the depth of carbon required to reduce
the chlorine level of a flowing stream from 5 ppm to 3.
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3: Activated Carbon Market Size, Share & Trends | Industry Report,
Activated carbon is commonly used to adsorb natural organic compounds, taste and odor compounds, and synthetic
organic chemicals in drinking water treatment. Adsorption is both the physical and chemical process of accumulating a
substance at the interface between liquid and solids phases.

Activated carbon is commonly used to adsorb natural organic compounds, taste and odor compounds, and
synthetic organic chemicals in drinking water treatment. Adsorption is both the physical and chemical process
of accumulating a substance at the interface between liquid and solids phases. Activated carbon is an effective
adsorbent because it is a highly porous material and provides a large surface area to which contaminants may
adsorb. The two main types of activated carbon used in water treatment applications are granular activated
carbon GAC and powdered activated carbon PAC. GAC is made from organic materials with high carbon
contents such as wood, lignite and coal. GAC typically has a diameter ranging between 1. The bed density is
about 10 percent less than the apparent density and is used to determine the amount of GAC required to fill a
given size filter. The uniformity coefficient of GAC is quite large, typically about 1. Iodine and molasses
numbers are typically used to characterize GAC. These numbers describe the quantity of small and large pore
volumes in a sample of GAC. A minimum iodine number of is specified for activated carbon by AWWA
standards. The two most common options for locating a GAC treatment unit in water treatment plants are:
Examples of these configurations are shown in Figures 1 and 2, respectively. In post-filtration applications, the
GAC contactor receives the highest quality water and, thus, has as its only objective the removal of dissolved
organic compounds. Backwashing of these adsorbers is usually unnecessary, unless excessive biological
growth occurs. This option provides the most flexibility for handling GAC and for designing specific
adsorption conditions by providing longer contact times than filter-adsorbers. In addition to dissolved organics
removal, the filter-adsorber configuration uses the GAC for turbidity and solids removal, and biological
stabilization. Existing rapid sand filters can frequently be retrofitted for filtration-adsorption by replacing all
or a portion of the granular media with GAC. Retrofitting existing high rate granular media filters can
significantly reduce capital costs since no additional filter boxes, underdrains and backwashing systems may
be required. However, filter-adsorbers have shorter filter run times and must be backwashed more frequently
than post-filter adsorbers filter-adsorber units are backwashed about as frequently as conventional high rate
granular filters. In addition, filter-adsorbers may incur greater carbon losses because of increased backwashing
and may cost more to operate because carbon usage is less effective. Primary factors in determining the
required GAC contactor volume are the 1 breakthrough, 2 empty bed contact time EBCT , and 3 design flow
rate. The breakthrough time is the time when the concentration of a contaminant in the effluent of the GAC
unit exceeds the treatment requirement. The EBCT is calculated as the empty bed volume divided by the
flowrate through the carbon. Longer EBCTs can be achieved by increasing the bed volume or reducing the
flow rate through the filter. The EBCT and the design flow rate define the amount of carbon to be contained in
the adsorption units. The carbon depth and adsorber volume can be determined once the optimum EBCT is
established. Typical EBCTs for water treatment applications range between 5 to 25 minutes. High surface
loading rates can be used when highly adsorbable compounds such as SOCs are targeted for removal. The
surface loading rate is not important when mass transfer is controlled by the rate of adsorption as is the case
for less-adsorbable compounds. Carbon treatment effectiveness improves with increasing contact times.
Deeper beds will increase the percentage of carbon that is exhausted at breakthrough. The optimum bed depth
and volume are typically selected after carefully evaluating capital and operating costs associated with
reactivation frequency and contactor construction costs. GAC contactors can be configured as either 1
downflow fixed beds, 2 upflow fixed or expanded beds, or 3 pulsed beds; with single or multiple adsorbers
operated in series or in parallel. In downflow fixed beds in series, each unit is connected in series with the first
adsorber receiving the highest contaminant loading and the last unit receiving the lightest contaminant load.
Carbon is removed for reactivation from the first unit, with the next adsorber becoming the lead unit. For
downflow fixed beds in parallel, each unit receives the same flow and contaminant load. To maximize carbon
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usage, multiple contactors are frequently operated in parallel-staggered mode in which each contactor is at a
different stage of carbon exhaustion. Since effluent from each contactor is blended, individual contactors can
be operated beyond breakthrough such that the blended flow still meets the treatment goal. Upflow expanded
beds permit removal of suspended solids by periodic bed expansion and allow using smaller carbon particles
without significantly increasing head loss. In pulsed bed adsorbers, removal of spent carbon occurs from the
bottom of the bed while fresh carbon is added at the top without system shutdown. A pulsed bed cannot be
completely exhausted, which prevents contaminant breakthrough in the effluent. Depending on the economics,
facilities may have on-site or off-site regeneration systems or may waste spent carbon and replace it with new.
Spent GAC must be disposed of recognizing that contaminants can be desorbed, which can potentially result
in leaching of contaminants from the spent GAC when exposed to percolating water, contaminating soils or
groundwater. Due to contamination concerns, spent GAC regeneration is typically favored over disposal. The
three most common GAC regeneration methods are steam, thermal and chemical; of which thermal
regeneration is the most common method used. Available thermal regeneration technologies used to remove
adsorbed organics from activated carbon include:
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4: Flue Gas | Calgon Carbon Corporation
CarbPureÂ® CarbPureÂ® is a high quality powdered activated carbon ideally suited for treatment of potable water.
LEARN MORE >>.

Powder activated carbon feed system Sodimate installs specifically designed equipment to meet the
specifications of each plant. Water quality refining is the most essential step in water treatment processes.
When done properly, it guarantees palatable taste characteristics suitable for drinking water. The reliability
and accuracy of the processes for storing, metering, and dissolving the required re-agents are indispensible for
successfully completing this final treatment. To produce a perfect water quality, the plant uses the most
modern process. After finescreening, the water goes through ozone pre-oxidation before entering the
settlement tanks. The water is then filtered through granular activated carbon to absorb the organic residue. An
ozone treatment precedes a second filtration with PAC to process and neutralize micro-pollutants, thus
improving the water quality. On the discussion of the management of the water treatment plant, he comments:
Eau du Sud Parisien is in charge of servicing and maintaining all equipment and treatment processes.
Additionally, they ensure that the workers implement processes and organize the water treatment plant to
ensure the proper sanitation of the water produced. Injecting powdered PAC inthe settling tanks improves
water quality by eliminating the odorcausing compounds, pesticides and their by-products, algal toxins,
chlorinated hydrocarbons, and trihalomethanes and other byproducts from the disinfection process. To
upgrade this equipment, Eau du Sud Parisien contacted Sodimate to design and install a new activated carbon
preparation and distribution unit. The objective was clear: To do this, Sodimate chose to use the proper
equipment to design a customised installation to meet the needs of their seasons, the spring or autumn rains
cause deterioration of the raw water quality. Over the last thirty years, whether it is drinking water, processed
water or waste water, the company has acquired genuine expertise in handling dry reagents specifically for
water and sludge treatment such as: Their services range from providing reliable and efficient equipment,
integrating designs, automation, In order to use different types of activated carbon, slurry tank process was
designed using load cells to, among other things, control accurately the percentage concentration of the
solution. All the Each piece of equipment is automatically controlled and monitored. Selecting and installing
the equipment The two concrete silos overlooking the station were upgraded by installing anti-explosion
valves. The lower room had to meet ATEX regulations. To allow the plant to function 24 hours a day, days a
year, the two silos alternate in discharging carbon; the first silo discharge the carbon until it reach the
intermediate level and switch to the other one. To remedy the problem created by their flat bottoms, two
discharge systems are installed in each silo and split into two different feeders. At this level, each piece of
equipment, each motor, and each seal is strictly compliant with ATEX requirements, as well as the food
quality requirements. To remove the constraints commonly associated with the use of different quality PAC, a
new, innovative preparation device was installed with weighing cells to, among other things, control exactly
the concentration of the solution. The normal preparation cycle, that lasts 15 minutes if necessary, an
emergency procedure reduces this to less than 3 minutes , has several distinct phases to refine the dosing. The
amount of carbon calculated is then introduced in a small amount of water before being dissolved in a
previously weighed volume of water, in general litres, to produce the slurry. This preparation is then
automatically distributed in two tanks that are used alternately. Regardless of the carbon used, this technique
of preparing the activated carbon ensured accuracy, safety, and autonomy without having to comply with
ATEX requirements on the lower retention tanks.
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5: Activated Carbon For Filters and Water Treatment â€“ Activated Carbon, Graphene, Graphite Market
This pre-treatment process uses powdered activated carbon (PAC) to reduce cyanotoxins that may still be present in the
untreated water as it enters the water treatment facility. After the water passes through the new pre-treatment process, it
continues through the normal filter processes.

Typical PAC feed locations. Activated carbon is commonly used to adsorb natural organic compounds, taste
and odor compounds, and synthetic organic chemicals in drinking water treatment. Adsorption is both the
physical and chemical process of accumulating a substance at the interface between liquid and solids phases.
Activated carbon is an effective adsorbent because it is a highly porous material and provides a large surface
area to which contaminants may adsorb. PAC is made from organic materials with high carbon contents such
as wood, lignite and coal. PAC typically has a diameter less than 0. Iodine and molasses numbers are typically
used to characterize PAC. These numbers describe the quantity of small and large pore volumes in a sample of
PAC. PAC is used by water treatment plants on either a full time basis or as needed for taste and odor control
or removal of organic chemicals. PAC is can be fed as a powder using dry feed equipment or as a slurry using
metering pumps. Dry feed systems are typically used for smaller dosages and where PAC feed is infrequent.
Dry feed systems typically include a bag-loading hopper, an extension hopper, a dust collector, a dissolving
tank, and an eductor. PAC can also be mixed with water and fed as a slurry. Slurry systems are normally used
when PAC is frequently added and the required dosages are high. Slurry systems usually include a storage
tank, day tank, and a chemical feeder either a diaphragm pumps or rotary feeders. PAC is normally added
early in the treatment process and is subsequently removed either by sedimentation or by the filter beds during
backwashing. The PAC application point should allow for 1 an adequate contact time between the PAC and
organics, and 2 avoid coating PAC particles with other water treatment plant chemicals. A minimum contact
time of about 15 minutes is required for most taste and odor compounds; however, significantly longer contact
times may be required for methyl-iso-borneol MIB and geosmin removal. The PAC should not be coated with
coagulants or other water treatment chemicals before the PAC has had sufficient contact time with the source
water. Also, PAC should not be added concurrently with chlorine or potassium permanganate as these
chemicals will adsorb to the PAC. PAC is usually added at the head of the plant to provide the longest contact
time possible before applying other treatment chemicals. Higher PAC dosages may be necessary if PAC is
added later in the treatment process to account for reduced contact times and interference with other treatment
chemicals. PAC sludge will contain elevated concentrations of the contaminants removed and must be
disposed in accordance with State and federal laws; however, it is not likely to be classified as a hazardous
waste.
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6: Powdered Activate Carbon | Purification | Haycarb PLC
Activated carbon can be decompacted by installing an "intermediate hopper". A transfer screw or a rotary vane feeder
feeds the hopper. The feeding system is mounted on the "intermediate hopper".

Method and installation description The aim of PAC dosage is to adsorb toxic substances or difficult to
degrade material from wastewater, in order to allow the biological degradation process to take place without
hinder, in changing influent compositions. The principle is based on adsorbing these components using
activated carbon. PAC production and dosage systems are needed for dosage into the aeration tank. Specific
advantages and disadvantages It is difficult to control the process for adding powdered activated carbon to a
biological system. The retention time of the added activated carbon is determined by the age of the sludge in
the system. Activated carbon dosage is possible in emergency interventions e. It is very easy to manually dose
activated carbon. Attention must be given to avoiding dust problems atomisation of powdered carbon into
surrounding air. The actual appearance is a negative point black aeration basins. The presence of PAC also
improves sludge sedimentation. Sludge production is increased proportionately with the addition of PAC. The
presence of activated carbon could possibly influence the disposal possibilities for the excess sludge.
Boundary conditions Considering that activated carbon has abrasive properties, extra maintenance is generally
needed for pipes and pumps. PE pipes are best suited for activated carbon slurries. Attention must be paid to
avoiding blockages in the dosage system. Effectiveness PAC dosage is primarily used for the removal of:
Persistent organic compounds pesticides and biocides ; Organic compounds e. PAC dosage is expressed per
litre of influent or per kg SS in the active sludge. Here are two dosage examples: The optimum dose must be
determined via experiments. Support aids Activated carbon is used as support aid. Environmental issues
Active carbon and sludge are released as residual products. Manual dosage is also possible for smaller
installations or emergency interventions, and requires no investment.
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7: Powdered Activated Carbon - Chemviron
Activated carbon dosage is possible in emergency interventions (e.g. if there is risk of a discharge norm being breached
or in case of accident). It is very easy to (manually) dose activated carbon. Attention must be given to avoiding dust
problems (atomisation of powdered carbon into surrounding air).

Growing awareness for clean water consumption coupled with the rising number of water treatment plants
owing to government subsidies is anticipated to benefit the overall market growth over the forecast period.
Activated carbon is used in various industries for air purification, groundwater remediation, spill clean up and
drinking water filtration. Governments across the globe are offering subsidies for water as well as air
purification. These grants coupled with rapid industrialization particularly in regions such as Asia Pacific is
forecasted to benefit the overall global market growth. Regulatory agencies in various parts of the world have
issued directives aimed at curbing the mercury emissions by industries such as petrochemical industries.
Activated carbon helps in efficiently controlling these mercury emissions. Thus, the formulation and
implementation of such regulations are anticipated to benefit the global market demand. In , regarding
revenue, The U. PAC dominated the product segment in the country. Prevalent massive industrialization in the
country, awareness about clean water consumption and widespread regulations about air and water pollution
have contributed significantly to the U. Companies producing raw material ingredients, such as coconut shells
and saw dusts, usually produce activated carbon as well. Raw material providers and manufacturers have
integrated their processes to offset fluctuating raw material prices. Significant activated carbon raw materials
include coconut shell, coal, wood pulp, lignite, and peat. Majority of the raw material suppliers supply coconut
shells. The hardness of coconut shell makes the activated carbon highly resistant to abrasion. High carbon
content in coconut shell creates lots of foam used for production. It is said to increase carbon absorption
capacity. Activated carbon made from coconut shell has a higher iodine value than those produced from coal.
Stringent environmental regulations and standards issued by the government and environmental protection
agencies to safeguard the environment are anticipated to aid the global market. Growing air purification
demand in domestic as well as commercial applications is presumed to aid the market further. Regulatory
norms in various developed nations regarding mercury emissions from numerous end-use industries are
expected to complement demand for GAC. The product provides better performance as compared to other
counterparts in specific applications such as industrial purposes. They aid in removing the foul smell from
industrial emissions. This is expected to increase the demand for this product in indoor air regulatory systems.
PAC helps petrochemical plant operators to achieve low volume density, minimal fine formation, and
hardness in the end-product by impregnating it with the oxidation catalyst. This impregnation helps plant
operators to eliminate mercaptans existing in high-grade liquid fuels. The product aids in the removal of
VOCs and chlorine from drinking water. They also assist in the removal of dissolved radon, lead, and
odor-causing compounds. Activated carbon, due to its effectiveness in removing impurities, is widely used in
water and wastewater treatment. Governments across the globe are investing heavily in water treatment plants
to provide their citizens, proper access to clean water. China has invested over USD 4. Government support
coupled with rising demand for clean water is expected to benefit the liquid application segment. Iodine
number determination test is a conventional method to deduce and distinguish the micro pores volume.
Coconut shell based activated carbon have known to show a high iodine number as compared to the other
counterparts. A high iodine number indicates that the activated carbon has a higher capacity to absorb small
particulates. Activated carbons possessing high iodine numbers are required in specific applications such as
volatile organic chemical removal. The segment is expected to continue its dominance over the next eight
years. The segment is expected to grow at an anticipated CAGR of Activated carbon is highly used in water
treatment processes. These carbons are said to reduce the specific volatile organic compounds as well as
chlorine from drinking water. It also removes lead, dissolved radon, and other odor-causing compounds.
Significant sources of these contaminants include pesticides, solvents, industrial wastes, or pollutants from
leaking underground storage tanks. Activated carbon is also used in wastewater management processes.
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Increasing water prices and regulatory pressure to recycle are anticipated to aid the overall market growth. The
escalating use of water for industrial processes has spurred the need for water and wastewater treatments,
boosting the demand for water and wastewater treatment processes. Fast-growing industries in emerging
countries such as China, India, Mexico, Brazil, South East Asia, and Russia have compelled several industrial
plants to incorporate water treatment facilities. The activated carbon filter is a widely used technology, in
greenhouses, for reducing the odor and control emissions from greenhouses and other growing applications.
After circulating through the filter, the ambient air is returned to the greenhouse or is discharged outside. This
technology has higher reliability and lower overall cost of other filtration media. These filters are well known
for their use in controlling gaseous odors. In general, they are used as a sponge, absorbing gaseous odors as air
passes through. However, they get saturated soon and require frequent replacements. Rapid industrialization in
the region, coupled with regulations aimed at safeguarding the environment are expected to benefit the
regional market growth. Demand from countries such as Japan, India, and China are expected to be critical
contributors to the overall regional market demand. Stringent regulations aimed at safeguarding the
environment, awareness regarding clean water consumption and prevalent industrialization have benefitted the
regional activated carbon demand. More and more companies are entering the reactivation business. They are
providing facilities such as on-site reactivation services. This scenario has prompted many companies to
recycle the previously used activated carbon. Many companies have entered the activated carbon
manufacturing business in the recent past, and due to rising demand, this trend is forecasted to continue over
the next eight years. The presence of a large number of manufacturers has widened the supply-demand gap of
the industry. Industry participants are developing application based, products to better serve the customized
client requirements. Segments Covered in the Report This report forecasts revenue growth at global, regional,
and country levels and provides an analysis on latest industry trends in each of the sub-segments from to For
the purpose of this study, Grand View Research has segmented the global activated carbon market report on
the basis of product, application, end-use and region:
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8: Activated Carbon Treatment of Industrial Wastewaters : Selected Technical Papers
Powdered Activated Carbon. Calgon Carbon is a world leader in powdered activated carbons (PAC), offering an
exceptional range of PAC and reactivated carbon formulations engineered for the purification of air, water, and
numerous industrial processes.

A large and diverse segment of the scientific literature, particularly that concerning recent European
experience, was scrutinized. Studies that met established criteria for quality assurance and completeness of
data were used as primary sources by the subcommittee. Where possible, stress was placed on studies of
chemicals at nanogram to microgram per liter concentrations, which are typically found in drinking water. The
subcommittee was confronted by a continual flow of new data and the need for postulation and interpretation.
To ensure a thorough review of each topic, the data for each type of adsorbent were considered and reported
separately. Carbon and other adsorbents in various forms have been used for the treatment of water and as
detoxifying pharmaceutical agents in medicine for many centuries. There has been an uninterrupted use of
carbonaceous adsorbents since biblical times Old Testament, Num. Environmental Protection Agency, a.
During the past 20 yr, research on the use of adsorbents to treat drinking water has emphasized the removal of
specific organics. The removal of organic compounds from drinking water has been based primarily on the
measurement of organic matter as measured by carbon chloroform extract CCE , total organic carbon TOC , or
other group parameters. However, it has long been recognized that these group parameters provide only
estimates of performance for target compounds. Studies beginning with those of Middleton and Rosen began
to identify the specific organic compounds in drinking water and their removal by the carbon adsorption. Over
volatile organic compounds have been identified in drinking water U. Environmental Protection Agency, c.
These compounds make up only a small fraction of the total organic matter National Academy of Sciences,
The EPA c has categorized the organic compounds in drinking water into five different classes. Each class has
distinctly different characteristics of concern to those involved in water treatment. Today there are GAC beds
in U. Class V compounds are of interest because they may compete for adsorption sites, thereby lessening the
removal of other compounds. It focuses on recently published lists of organic chemicals of concern to health
Interagency Regulatory Liaison Group, ; National Academy of Sciences, , ; National Cancer Institute, Each
section deals with complex subjects in which there are uncertainties, inconclusive or incomplete data, and,
thus, conflicting opinions. The length of each section represents only the number of studies reviewed and does
not reflect the relative importance of the subjects. Activated Carbonâ€”A Definition "Activated carbon"
comprises a family of substances, whose members are characterized primarily by their sorptive and catalytic
properties. Different raw materials and manufacturing processes produce final products with different
characteristics. Activated carbon can be made from a variety of carbonaceous materials and processed to
enhance its adsorptive properties. Some common materials that are used to make activated carbon are
bituminous coal, bones, coconut shells, lignite, peat, pecan shells, petroleum-based residues, pulp mill black
ash, sugar, wastewater treatment sludge, and wood Weber, As is true with any production process, the quality
of the final product is influenced by the starting material. In the past, activated carbons that were used for
industrial applications were commonly produced from wood, peat, and other vegetable derivatives. Today,
lignite, natural coal, and coke are the most frequently used sources of activated carbon due to their availability
and attractive price. The basic structural unit of activated carbon is closely approximated by the structure of
pure graphite with only slight differences. The structure of activated carbon is quite disorganized compared
with that of graphite because of the random oxidation of graphite layers. The regular array of carbon bonds in
the surface of the crystallites is disrupted during the activation process, yielding free valences that are very
reactive. The structure that develops is a function of the carbonization and activation temperatures. During the
carbonization process, several aromatic nuclei with a structure similar to that of graphite are formed. From
X-ray spectrographs, these structures have been interpreted as microcrystallites consisting of fused hexagonal
rings of carbon atoms. The presence of impurities and the method of preparation influences the formation of
interior vacancies in the microcrystallite. The ringed structures at the edges of the planes are often
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heterocyclic, resulting from the nature of either the starting material or the preparation process. Heterocyclic
groups would tend to affect both the distance of adjacent planes and the sorptive properties of the carbon. As a
rule, the structure of the usual types of active carbon is tridisperse, i. According to Dubinin only a few of the
micropores lead directly to the outer surface of the carbon particle. Most of the pore structures of the particles
are arranged in the following pattern: The Water Treatment Process GAC is typically used in a water treatment
plant after the coagulation and sedimentation processes and, commonly, following preliminary disinfection
steps during which chemical reactions can occur. Moreover, water is often disinfected before it passes through
the GAC adsorbers in order to prevent nuisance biological growths. In many instances, the activated carbon
functions as a granular filter medium for removing particulates, although in a few cases in the United States
and in most instances in Europe the GAC adsorbers are preceded by filters for particulate removal. Water is
usually passed downward through packed beds of GAC. The frequency of backwashing is dependent on the
amount of particulates being removed and the extent of microbial growth. Some intermixing of the GAC
granules takes place during this step, although this tendency is countered by particle size stratification during
backwash. While packed-bed downflow adsorbers in parallel are most commonly used, many other flow
patterns, such as operation in series, upflow packed bed, and upflow expanded bed, may be used. If the
objective of GAC use is to include the removal of organic compounds in addition to those that cause taste and
odor, regeneration is likely to become more common in the United States. The type of contactor selected for
the GAC will be influenced by the frequency of regeneration. After treatment of a water supply with GAC,
postdisinfection is generally used to reduce the total number of bacteria, some of which may be present
because of the microbial growths in adsorbers. Sufficient disinfectant is usually applied to ensure a residual in
the distribution system to prevent contamination of the water. Postdisinfection is used in addition to
predisinfection because aqueous oxidants that are used in preliminary disinfection steps will generally be
eliminated by reaction with the GAC. In certain instances, some synthetic resins may serve as replacements
for GAC or they may be used in conjunction with GAC to provide the desired quality of water. In general,
resins usually require a pretreatment step that is dependent upon the nature of the resins. It generally added to
control taste and odor at points in the water treatment plant, ranging from the water supply intake to just
before the rapid sand filter. PAC is removed either in the sedimentation basin or by the rapid sand filter. No
attempt is made to regenerate it during the water treatment. Whether PAC can be used to remove organics
other than those that cause offensive taste and odor requires closer examination. Various types of GAC and
PAC are commercially available as a result of variations in the raw materials and manufacturing processes.
Because the types of organic contaminants vary widely from location to location, the best carbon for one
application may not be the best in another. Consequently, comparative testing for a particular water source is
mandatory. The chemical compounds entering an adsorption water treatment process consist of
high-molecular-weight humic materials, lower-molecular-weight organic compounds of natural or industrial
origin, and the products of previous treatment such as chlorination or ozonization. Some compounds may be
nonadsorbable or only very weakly adsorbable. The chemical compounds leaving the adsorption treatment
process can be the same chemicals that entered the plant, or they may be products of chemical reaction or
microbial action within the system. Organic compounds may appear in the effluent of an adsorption column
because available adsorption sites are saturated or because they are displaced from the adsorption sites by
other organics. Because adsorption is often reversible, adsorbed compounds may desorb and appear in the
effluent when the influent concentrations of those compounds decrease. These phenomena may lead to the
appearance of a larger concentration of a compound in the effluent than is in the influent. Thus, both the
qualitative and quantitative variability of the mixture of organics entering an adsorption process affect the
quality of water that can be produced by it. General Conclusions and Recommendations Raw water sources
and disinfected water supplies may contain organic compounds that have been demonstrated to be
carcinogenic or otherwise toxic in experimental animals or in epidemiological studies. Also present are a large
number of compounds that either have not been identified or their effects on health have not been
characterized. Properly operated GAC systems can remove or effectively reduce the concentration of many of
the compounds described above. Less is known about synthetic resins than about GAC, but it is known that
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they can be applied to remove certain types of organic contaminants. The information available as of this date
on the treatment of water with GAC provides no evidence that harmful health effects are produced by the
process under proper operating conditions. However, there are incomplete studies on the possible production
of such effects with virgin or regenerated carbon through reactions that may be catalyzed by the GAC surface;
reactions of disinfectants with GAC or compounds adsorbed on it; reactions mediated by microorganisms that
are part of the process; or by the growth of undesirable microorganisms on GAC. Studies are also needed on
the properties of regenerated activated carbons and on the adsorption of additional contaminants with potential
health effects. The frequency of GAC regeneration is determined by the organic compounds in the water and
their competitive interactions. The types and concentrations of organic compounds may vary widely among
different locations and seasons of the year. While there is ample evidence for the effectiveness of GAC in
removing many organics of health concern, more data are needed in the quantification of any harmful health
effects related to the use of GAC. This need, however, should not prevent the present use of GAC at locations
where analysis of the water supply clearly indicates the existence of a potential health hazard greater than that
which would result from the use of GAC. Clarification processes coagulation, sedimentation, filtration remove
significant amounts of some organics, especially some types of THM precursors and relatively insoluble
compounds that may be associated with particulates. In some cases, the removal of THM precursors by
clarification may be sufficient to eliminate the need for an adsorption process. The subcommittee considered
the GAC adsorption efficiency for individual compounds and the competitive adsorption of mixtures. Since
GAC is used in conjunction with other water treatment processes, the effect of pretreatments for removing
trace organic compounds and their precursors were examined in depth. Hence, the following questions were
addressed: How efficiently does GAC adsorb individual trace organic compounds, particularly those of
concern to health? When processes such as coagulation, sedimentation, filtration, aeration, disinfection,
oxidation, and PAC adsorption precede GAC adsorption, how is the efficiency of the GAC affected? Can
water that has been treated by GAC be disinfected more or less easily than water that has not been treated by
GAC? What is the potential for effectively using PAC to remove organics? What reactions take place between
oxidants that are applied as predisinfectants and the activated carbon or the compounds that are adsorbed on
the activated carbon? Do these reactions result in potentially hazardous compounds that would not be present
if activated carbon were not used? To what extent does competitive adsorption between trace organics with
potential health effects and the large concentrations of background organics, generally characterized as humic
substances, influence the effectiveness of GAC? To what extent does competitive adsorption among similar
concentrations of trace organics with potential health effects influence the effectiveness of GAC? How
significant is the effect of competitive adsorption when it is compared to the effect of the reequilibration that is
produced by the variable nature of the composition and concentration of trace organics in the feedwater to the
GAC bed? Removal of Selected Organic Compounds Adsorption isotherms and small column studies that are
performed in the laboratory using GAC are useful tools that have been developed to describe how specific
organic chemicals can be removed in large-scale GAC applications. A considerable amount of adsorption
research describing the affinities of pure compounds for the activated carbon surface has been reported in the
literature during the last 15 years. Improved analytical tools have made it possible both to detect the organics
at trace levels in the environment and to follow their removals in adsorption studies in the laboratory. This
section of the chapter evaluates the efficiency of GAC adsorption of individual trace organic compounds,
particularly those with potential health effects. Removals of organic chemicals are discussed in the literature
on the basis of laboratory and pilot-scale studies and large-scale applications.
9: CarbPure Technologies | Powdered Activated Carbon for Water Treatment
CarbPure Activated Carbon for Water. CarbPure products are produced by steam activation of coal under carefully
controlled conditions to create both PAC and GAC products specifically designed for enhanced removal of taste and
odor causing compounds from potable water supplies.
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