
 
 

ADDIS ABABA UNIVERSITY SCHOOL OF GRADUATE STUDIES 
CENTER FOR ENVIRONMENTAL SCIENCE 

 

Heavy Metals Removal from Electroplating Waste Water Using Activated 
Carbon of Coffee Husk 

 

Advisor: 1.Seyoum Leta(Asso. Prof.) 

                2. Mr. Andualem Mekonnen 

                                                                  By: Temesgen Aragaw 

 

A thesis Submitted to Center for Environmental Science Presented in Partial 

Fulfillment of the Requirements for the Degree of Master of Science in 

Environmental Science 

                                                                                      

                                                                                           Addis Ababa University 
                                                                                           Addis Ababa, Ethiopia 

                                                              Oct, 2015 



iii 
 

Abstract 

Heavy metal contamination of water is a serious threat to the ecosystem. Many 

industries such as electroplating, metal plating, mining operation, and tanneries release 

wastewaters containing heavy metals into the environment. The objective of the study 

was to investigate the efficiency of activated carbon of coffee husk for the removal of 

heavy metals (chromium, zinc and nickel) from electroplating wastewater. Activated 

carbon was prepared from coffee husk with chemical process. Its surface chemistry was 

characterized for different physical and chemical properties such as bulk  density, 

particle density, particle size, porosity, surface area, moisture content, ash content, pore 

volume, volatile matter, content of carbon, content of nitrogen, point of zero charge, 

fourier transform infrared spectroscopy, morphologies. The concentration of H+ ion and 

electrical conductivity were also determined. Sorption studies were conducted in a batch 

system. The extent of adsorption was studied as a function of pH, contact time, 

adsorbent dose, and initial adsorbed concentration of optimum results were found to be 

120 minutes for Cr, Zn and 90minutes for Ni. 40mg/l, 20g/L and 150rpm for contact 

time, initial concentration, pH, adsorbent dose and stirring speed respectively at the 

optimal condition. The sorption efficiency after at equilibrium the adsorption of 

chromium was found to be 99.65%, nickel 99.84% and Zinc 96.24%. Even though 

equilibrium was not attained in the case of Cr(III)ions, sorption efficiency ranged from 

64.15 to 83.58%.The Sorption performance was improved as metal ions concentrations 

lowered. The experimental sorption equilibrium data were fitted by both Langmuir and 

Freundlich sorption models, with Langmuir providing the best fit for Ni(R2=0.987) and 

Freundlich sorption isotherm model best fit for Cr(R2= 0.987) and Zn (R2=0.965. The 

sorption kinetics was better described by the pseudo-second-order model for Ni, Cr and 

Zn( R2 = 0.999),( R2= 0.999) and(R2=1)  respectively. The highest adsorption capacity 

occurred at distinct pH=7 values for each metal ion. Generally the study showed that the 

activated coffee husk carbon can be used as a good adsorbent for the removal of 

chromium, zinc and nickel from electroplating wastewater. 

Key words: Adsorption isotherms, Adsorption kinetics, activated carbon, coffee husk, 

electroplating wastewater Heavy metals. 
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1. INTRODUCTION 

1.1 Background  

Water is very essential to life which makes it total economic value immeasurable. 

This also means that water should be available as clean enough to serve our needs 

(USEPA, 2013). However sever contamination of this valuable resource become one 

of the prominent issues among different stakeholders and scantiest around the world. 

In developing countries, 70% of industrial effluents are directed to the nearby 

environment without proper treatment (Dagmawi Mulugeta and Mekibib Dawit, 

2013).  Main heavy metals contamination of water is a serious threat to the 

ecosystem. Many industries such as electroplating, metal plating, mining operation, 

and tanneries release wastewaters contaminated with heavy metals into the 

environment (George, 2012).  

 

Heavy metals are metallic elements that have specific gravities at least five times the 

specific gravity of water and are toxic or poisonous at low concentrations (Volesky, 

2007). Chromium (Cr), manganese (Mn), iron (Fe), cobalt (Co), copper (Cu), zinc 

(Zn), molybdenum (Mo), silver (Ag), mercury (Hg), cadmium (Cd), nickel (Ni), tin 

(Sn), lead (Pb), antimony (Sb), bismuth (Bi), and selenium (Se) are few to mention 

excessive use of these metals for industrial and domestic application causes 

contamination of ground and surface water.  Industries like electroplating discharges 

large amounts of heavy metals in water bodies (Darvishi et al., 2013). The most 

common heavy metal being discharged from the above types of activities and 

processes are lead, chromium, cadmium, copper, nickel, zinc, arsenic and mercury 

(Hamza et al., 2013) 

 

These heavy metal bearing wastewaters are considerable concern because they are 

non biodegradable, highly toxic and probably carcinogen. Only 30-40% of all metals 

used in plating processes is effectively utilized i.e. plated on the articles. (Lazaridis 

et al., 2005).  The rest contaminates the rinse waters during the plating process when 

the plated objects are rinsed upon removal from the plating bath. Electroplating rinse 

waters may contain up to 1000 mg/L toxic heavy metals which, according to 
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environmental regulations worldwide must be controlled to an acceptable level 

before being discharged to the environment (Senthikumar et al., 2010). 

These heavy metals above limits can cause adverse effect on the humans and 

environment. Chromium is carcinogenic (Kumar et al., 2013). Nickel can cause 

decreases in body weight, heart liver damage, dermatitis and suspected to cause 

cancer (Dermentzis et al., 2011 and Mansor et al., 2012). Zinc above 5mg/l (IS- 

10500,2004) gives astringent taste and opalescence in water, also health problems 

such as stomach cramps, skin irritations, vomiting, nausea and anaemia, while 

chronic exposure could lead to copper deficiency in man (Vaikosen and Alade, 2011;  

Maret and Sandstead, 2006). Iron above 0.3 mg/l can affect appearance affecting 

domestic water supplies, promotes iron bacteria, and staining of laundry cloths (IS- 

10500, 2004). The ingestion of large quantities of iron salts may lead to severe 

necrotizing gastritis with vomiting, hemorrhage and diarrhea followed by circulatory 

shock, also diseases of aging such as Alzeihermer’s disease, other neurodegenerative 

disease, arteriosclerosis, diabetes mellitus may all be contributed to by excess iron 

and copper (Maret and Sandstead, 2006). 

The characteristics of electroplating wastewater differ from plant to plant depending 

on the type of plating and the method employed for their treatment. In developing 

countries, many industries are operated in a small and medium scales; this small unit 

can generate a considerable pollution load which in many cases discharges directly 

into environment without any pretreatment (Dhungana andYadav, 2009). 

Electroplating industries are major cause for the high influx of heavy metals to the 

biosphere. The huge quantity of heavy metals discharge with electroplating waste 

has raised several ecological concerns. Heavy metals that are released from these 

industries usually discharged to the soil and water bodies (Chandra and 

Kulshreshtha, 2004). 

Thus it is necessary to remove or recover the heavy metals before disposal of 

industrial waste. Different methods have been developed for the removal of heavy 

metal ions from water and wastewater, some of which are precipitation, ion 

exchange, electrolysis, reverse osmosis, solvent extraction, adsorption and filtration.  
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Conventional processes to remove the heavy metals by precipitation or ion exchange 

are not completely satisfactory and have several disadvantages. As the result most of 

the researches are directed to developing cost-effective technologies for the removal 

of metal ions from aqueous solutions. Therefore, the production of sorbents 

(activated carbons) or the direct use as biosorbents for the removal of heavy metals 

from industrial wastewaters become two of the potential alternatives (Oliveira et al., 

2008). 

Biosorption is a process whereby certain types of inactive, dead biomass may bind 

and concentrate heavy metals from aqueous solution, is considered as alternative 

technology for the removal of toxic heavy metals from wastewater and industrial 

effluents (Naja et al., 2005). The capacity of certain types of microbial and seaweed 

biomass to remove and concentrate heavy metals from solutions provides the basis 

for a cost-effective technology in treatment of industrial effluents. Sorbent 

(Activated carbon) is a member of a family of carbons ranging from carbon black 

stone clear graphite, from carbon fibers and composites to electrode graphites, and 

many more. All come from organic parent sources but with different carbonization 

and manufacturing processes (Marsh and Rodriguez-Reinoso, 2006). The availability 

of raw materials and having wide spectrum availability of raw materials for the 

preparation of  sorbents(activated carbon) make this technology to be cost effective 

and practical (Veglio et al., 2003). 

From different literatures it can be found that there are lots of materials used to 

prepare activated carbon for adsorption purposes. These includes agricultural wastes 

(Kadirvelu et al., 2001) such as rice husk (Srivastava et al., 2015), wood sawdust 

(Bogdanka, 2007), teff straw (Mulu Berhe, 2013), sugarcane bagassa (Kalderis et al., 

2008), coffee husk (Kanamadi et al., 2010) and from aonther industrial waste. 

 

1.2. Statement of the problem 
Environmental pollution derived from domestic and industrial activities was the 

main threat to the surface and ground water qualities in Ethiopia. Many industries 

were operated in small and medium scales; these small units can generate a 

considerable pollution in the environment. It was reported that the majority (90%) of 

these industries in the country discharge their wastewaters into nearby water bodies 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Kadirvelu%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11315812
http://www.sciencedirect.com/science/article/pii/S0960852408000795
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and open lands without proper treatment (EPA, 2005). Therefore, the absence of 

controlled waste management strategies and waste treatment plants, untreated wastes 

are dumped into water bodies and the surrounding environments. Electroplating 

industries was among those industries which discharge wastewater without proper 

treatment. Most of them discharge this wastewater to the receiving water bodies. 

 These wastewaters mainly contain heavy metals and other contaminants at levels 

that are hazardous to the environment and human health. Studies showed that the 

vegetable cultivated along the Kaki River contain heavy metals which may attribute 

partly due to the discharge of untreated wastewater from electroplating industries in 

Addis Ababa (Fissha Itanna, 1998). 

Therefore, the treatment of electroplating wastewater is mandatory to control the 

associated risks. However, all the conventional method of treatment is not attractive 

in terms of operational cost. Studies indicated that treatment techniques like 

adsorption using agricultural residue are the cheap available option for developing 

countries like Ethiopia. However, the efficiency of different agricultural residues 

including coffee husk are not yet investigated in Ethiopia.   

Therefore, this study aims to evaluate the heavy metal removal efficiency from 

electroplating wastewater using activated carbon produced from coffee husk. 

Adsorption on activated carbon has been found to superior compared to other 

conventional methods for wastewater treatment in terms of its capability for 

efficiently adsorbing heavy metal ions and simplicity of design. However, cost is an 

important parameter when comparing the sorbent materials. Commercial activated 

carbons are very expensive due to the use of nonrenewable and relatively high-cost 

starting materials such as coal which is unjustified in pollution control applications 

(Ali, 2010). 

Coffee is one of the most popular beverages in the world in terms of consumption in 

which its production was 6.7 million metric tons annually in 1998-2000 and rose to 7  

million metric  tons annually in 2010 (Bhatnagar and Sillanp, 2010). Ethiopia, is the 

primary center of origin and genetic diversity of Arabica coffee (Coffea arabica), 

which was produced up to 301, 000 tons in 2006 but this was increased to 419,000 

tons by the end of 2010 (Henok Kassa et al., 2011). Clearly, this indicates that coffee 
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husk is the main by-products generated by the coffee processing industries and 

disposed into land and fired. Due to the presence of polyphones which are 

considered as anti nutritional and phototoxic substances such as caffeine, tannin, 

organic acids restricts its larger extent uses in agriculture and imposing problems on 

the environment. 

Different researches have been conducted on the removal of chromium, zinc and 

nickel using activated carbon derived from plant waste materials (Suresh et al., 2012; 

Kulkarni et al., 2013). Since, there is no research conducted to investigate the 

interaction of anionic chromium compounds in particular chromate (CrO42-), 

hydrogen chromate (HCrO4–), or dichromate (Cr2O7
2–) anions, zinc and nickel with 

activated coffee husk carbon. In present work, experiments were performed to 

remove zinc, nickel and chromium as a model heavy metal pollutant by adsorption 

technique using surface modified coffee husk as an adsorbent changing solution pH, 

adsorbent dose, contact time and initial concentration of ions. 

1.3. Significance of the study 

Generally, the expected outcome of this research is development of adsorption 

technology that can solve in the environmental pollution related with heavy metal 

ions contamination, especially water pollution. This intern reduces the problem of 

cancer caused by contamination of water with heavy metal ions specifically, 

chromium, nickel and zinc which are well known human carcinogen. In addition to 

this, using coffee husk as an adsorbent is one way of waste management and 

recycling. It is also very important for industrial sectors to use this eco-friendly 

removal mechanism for eco-management and audit scheme accreditation. As a 

result, this research expected to donate with a better understanding  for 

Environmental Protection Authority in decision making to take care of  

environmental degradation due to discharge of high level of chromium, zinc and 

nickel concentration. Hence, the information generated in this study may serve as 

baseline information for researchers to further develop the treatment process at pilot 

scale and full scale. It will provide dual benefits for coffee processors though 

creating the opportunities of recycling and selling their wastes in the form of 

activated carbon. Moreover, the study will give cheap and cost effective treatment 

option for the electroplating industries. 
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1.4. OBJECTIVES 

1.4.1. General Objective:- 

The general  objective  of  this  study  was  to  evaluate  the  efficiency  of  activated 

carbon  of coffee husk for removing zinc, nickel and chromium from electroplating 

waste water.  

1.4.2. Specific objectives 

 To characterize coffee husk on their surface area and porosity 

 To characterize the electroplating wastewater for TSS, TDS, pH, EC, Salinity and 

zinc, nickel and chromium in the electroplating wastewater. 

 To evaluate the effect of pH, contact time and adsorbent dose for the adsorption of 

zinc, nickel and chromium. 

 To identify the sorption rate and equilibrium Adsorption capacity of activated carbon 

from coffee husk.  
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2. LITERATURE REVIEW 

2.1 .Electroplating   

Electroplating is a process of applying metal coating to an object to enhance its 

protective properties and alter its appearance, or both. Metal coating is a stepwise 

process consisting of: degreasing, mechanical pretreatment, etc and finally, 

electroplating in bath solutions. Between each step objects are rinsed to remove 

contamination and the residual bath solutions (Bartkiewicz, 2006). 
 

Electroplating or the metal finishing industry plays an important role in the 

development of many metal manufacturing and other engineering industries in the 

world. While the electroplating operations have become an integral part of the 

engineering industries there has been a steady growth of independent and small to 

medium scale electroplating industries, mainly in the developing countries of South 

East Asia like India, Thailand and China (Lall, 2004).  

In Ethiopia there is a lot of large, medium and small scale electroplating units 

scattered in urban areas. The electroplating industry is mainly represented by small 

scale units having distinct features (Upadhyay and Kanjan, 2006).  

Electroplating is the process of applying a metallic coating to an article by passing an 

electric current through an electrolyte in contact with the article, thereby forming a 

surface having properties or dimensions different from those of the article. 

Essentially any electrically conductive surface can be electroplated. Special 

techniques, such as coating with metallic-loaded paints or silver-reduced spray, can 

be used to make nonconductive surfaces, such as plastic, electrically conductive for 

electroplating. Its purpose is generally to alter the characteristics of a surface so as to 

provide improved appearance, ability to withstand corrosive agents; resistance to 

abrasion, or other desired properties or a combination of them, although occasionally 

it is used simply to alter dimensions (Frency, 2008). 

The process involves the dissolving of metal at the anode and depositing at the 

cathode by passing electricity through the electrolytic bath. Some metals which are 

commonly used for electroplating are copper, chromium, nickel, lead, cadmium, tin, 

zinc, brass or combinations of them palters immerse objects into a series of chemical 
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baths in order to change their surface conditions (Anitha et al., 2005). The numbers 

of tanks and their chemical makeup differs based on the desired result and every 

plating plant is different and thus is the constituents of the wastewaters (Martin, 

2014). The electroplating process involves mainly four steps: cleaning, plating, 

rinsing and drying.  

Cleaning: It is the first process in electroplating in which grease, oil, rust or scale are 

removed from the meal surface before plating. The main process in cleaning is 

degreasing which remove previously mentioned impurities from the surface. These 

processes utilize different chemicals known as meal cleaners that contain mixtures of 

sodium carbonate, caustic soda, trisodium phosphate, sodium silicate, sodium 

cyanide and borax (Ramakrishna and Viraraghavan, 1997). Another process carried 

out in order to remove stains rust or scale with acidic solution is called pickling in 

this process hydrochloric and sulphuric acids are usually consumed (Khan et al., 

2007). Next, the cleaned metal is transferred to the plating step where the pickled 

metals are placed in wooden or steel vats containing the metal which is to be plated 

onto the base metal. The electroplating bath contains metal salts, alkalis and other 

bath control compounds in addition to plating metals like copper and nickel. The 

base metal is plated with the respective metals by the process of electrode position 

where the material to be plated acts as the cathode is dipped in the electroplating 

bath which is the anode (Cushnie , 1985).  

The rinsing step follows plating in this step the metal is rinsed with water to make 

sure that the plated surface will be free of any spots from the plating (Frency, 2008). 

The final step of electroplating is drying; drying in electroplating industry such as 

placing the metal in a heated oven or hanging the piece in a blast of hot air or high 

pressure compressed air jet. Another method for drying small plated articles is to 

place them in a centrifuge basket to throw the water off by centrifugal force. Hot 

sawdust is also sometimes used where the sawdust absorbs moisture and also gives a 

slight degree of polish to the plated metal and also removes any leftover stains 

(Ollard and Smith,1964). 
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2.1.2. Wastewater from electroplating industry  

The electroplating industry is one of the major industries which consumes and 

discharges large volumes of water and wastewater containing heavy metals. This 

effluent is very hazardous, containing heavy metals such as nickel, chromium, 

copper, zinc, lead and silver as well as cyanides, hydrogen sulfides, ammonia, oil 

and grease and suspended solids (George, 2012). The characteristics of electroplating 

wastewater differ from plant to plant depending on the type of plating and the 

method employed for their treatment (Monika et al., 2013).  

 

2.1.3. Characteristics of electroplating wastewater 

Wastewater from the electroplating plant comes from the rinse waters and the batch 

solutions used for plating. The batch solutions have a high concentration of 

contaminants whereas the rinse waters are comparatively dilute. In small shops, there 

is typically one central will for rinsing the articles from different stages in the 

process and they get contaminated quickly. These discharges will be very dilute. The 

wastewater from the pretreatment step mainly contains the cleaning solution and all 

the spent alkaline solutions containing suspended solids. These spent alkaline 

solutions are held in steel vats for controlled discharge (Shashwat, 2012). 

 They have a pH of around 12 and before discharge they are mixed with acid water 

to lower the pH. Wastewater from pickling includes acidic rinse water, metallic salts 

and waste acid. It usually has a pH below 2.5(Frency, 2008) The rinse water from the 

pickling stage is acidic and it is stored in tanks for controlled discharge. It is more 

frequently discharged compared to the other wastes. Metal wastes from plating baths 

include rinse waters from copper, zinc, nickel, cadmium and lead vats. All these 

baths are seldom used together. These metals are present in the wastewater in ionic 

form and are extremely toxic.  The composite plating waste may be acidic or alkaline 

depending on the type of baths that are used. The effluent concentrations depend on 

various factors such as surface area, shape of the article, thickness of the solution and 

drain time. 

2.1.4. Environmental and health problems of electroplating wastewater.  

Many metal finishing processes generate toxic or hazardous pollutants that can result 

in direct exposure to employees or to air, land and water. Discharging untreated or 
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partially treated electroplating wastes into sewers can cause sewage treatment 

equipment to fail and allow untreated sewage to reach surface waters. Significant 

energy and water consumption associated with metal finishing impart environmental 

impacts as well. These wastewaters mainly contain heavy and transition metals, 

cyanides, oil and grease and suspended solids at levels that are hazardous to the 

environment and human health (Mohamed et at., 2014).  

They contain organic matter which depletes the oxygen content from the water 

bodies and they also have inorganic matter that make the water body unfit for further 

use and encourage undesirable growth of plants in the water bodies. The acids and 

alkalis in the electroplating industrial discharge make the receiving stream unsuitable 

for the growth of fish and other aquatic life. The heavy metallic ions such as 

chromium, nickel, zinc, lead, silver, cadmium, copper, mercury and other toxic 

substances like cyanide, sulphide, ammonia,  chloramines, cause damage to the  flora 

and fauna. Oil and grease and other floating substances render the streams unsightly 

and interfere with their self purification (Anitha and Sasikumar, 2005).  

 

In India until the 1950's, the electroplating industrial wastes were discharged into the 

drains without any prior treatment. Which lead to the development of standards in 

1974 by Indian EPA (Dikshit and Shukla, 1989) and United States Environmental 

Protection Agency (USEPA,1984). 

 

The effluent limits set by USEPA are much lower than the standards set by the 

Indian Government as it has been presented in table 1 for common industry effluent 

standard electroplating industries. Even though the electroplating industry uses less 

water in comparison to the other industries, their effluents are far more toxic. 

Electroplating wastewaters contain heavy metals, cyanides and suspended solids 

which need to be treated before disposing into the rivers because they are hazardous 

to the aquatic life and humans and pose a serious threat to the environment. The 

tolerable limits of these heavy metals and other constituents in water and land 

environment are in general very low. The heavy metals such as chromium, cadmium, 

mercury, nickel, lead and cyanides are the constituents which need careful treatment 

because of their toxic effects. 
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Table 1 Indian standards for maximum permissible limit for industrial effluent 

discharge (in Mg/l),United States environmental protection agency 

electroplating effluents and in Ethiopia Over the years there are different heavy 

metal standards to limit the amount of heavy metals in industrial wastewater 

set by various organizations national and international  organizations.  

 Indian standards 

Parameters IS2490(197

4)Inland 

surface 

water   

IS3306(197

4) Public 

Sewers 

IS3307(19

74) Use of 

irrigation 

(USEPA,1984). 

electroplating 

effluents 

dailymaximum(

mg/L)ana4dayav

erage 

EPA,WHO

,USEPAan

dElectropl

ating 

Effluent 

pH 5.50-9.00 5.50-9.00 5.50-9.00 --- --- -- 

BOD 30 350 100 -- --- --- 

COD 250 ----- ----- ---- --- --- 

(TDS) 2100 2100 2100 --- --- --- 

Oilandgres  10 20 10 --- --- --- 

Cyanides  0.2 2 0.2 1.9 1 --- 

Cadminm  2 1 ----- -1.2 0.7 0.5 

Total(Cr) -- -- --- --- --- 2 

Cr(VI) 0.1 2 ----- 7 4 0.1 

Copper 3 3 ---- 4.5 2.7 2 

Lead  0.1 1 ----- 0.6 0.4 0.5 

Mercury  0.1 0.1 ----- - - 0.001 

Nickel 3 3 ----- 4.1 2.6 2 

Zinc  5 15 ---- 4.2 2.6 2 

TotalSilr   -- -- --- 1.2 0.7 --- 

Totaltoxic

organics 

-- --- --- 2.1 -- --- 

Source: [http://www.epa.gov/safewater/mcl.html] [17/09/12]  
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2.2. Heavy metal toxicity  

Heavy metals are metallic elements which are very toxic and have a high atomic 

weight and a relatively high density (Duruibe et al., 2007). The body needs many 

trace heavy metals in small concentrations, but there are another 12 poisonous heavy 

metals, such as lead, mercury, cadmium, chromium and nickel which are bad for the 

body (Ravikumar et al., 2015). These poisonous metals affect our enzyme systems 

and can also affect the metabolism of the body. They are highly toxic and can cause 

damaging effects to our body even at very low concentrations. Exposure to these 

elements may cause immediate as well as delayed adverse health effects like the risk 

of dermal damage, respiratory problems and several kinds of cancer (Anita et al., 

2014). 

They tend to accumulate in the food chain and in the body. Once they enter our body 

they get stored in soft and hard tissues which can cause chronic health effects. 

Environmental contamination and human exposure to heavy metals is a serious 

growing problem throughout the world. As the use of heavy metals has tremendously 

increased in   the industrial process, humans are being exposed to them.  

The toxicity of heavy metals occurs even in low concentrations of about 1.0-10 

mg/L. Heavy metals include cadmium (Cd), copper (Cu), lead (Pb), zinc (Zn), 

mercury (Hg), arsenic (As), silver (Ag), chromium (Cr), iron (Fe), and the platinum 

group elements (Duruibe et al., 2007). Copper and zinc are essential trace elements 

for living organism at low concentration less than10 mg/L of however they become 

toxic at high concentration greater than 10 mg/L. Most of these metals ions (Cd, Cu, 

Zn, Hg, As, Ag, Cr, Fe etc) release from the industries are in simple cationic forms 

(Volesky, 2007).   

2.2.1. Effects of heavy metals on human health 

The presence of heavy metals in the environment is of major concern because of 

their toxicity to many life forms. Heavy metals like mercury, lead, cadmium, copper, 

chromium and nickel are toxic even in extremely minute quantities (Selvaraj et al., 

2003). Since the majority of heavy metals do not degrade into harmless end 

products, their concentrations must be reduced to acceptable levels prior to discharge 

of industrial effluents. Otherwise, they could pose threats to public health and affect 
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the aesthetic quality of potable water (WHO, 2008). The metals of most immediate 

concern are aluminum, chromium, manganese, iron, cobalt, nickel, copper, zinc, 

cadmium, mercury, and lead. 

Table 2.The use and health effects of some heavy metal on human being  

Heavy 

metals                                    

Uses Health effects                    References 

 

Cadmium

  

Electroplating, 

fertilizers,   mineral 

processing and Battery 

manufacturing 

Cancer, lung insufficiency, 

Disturbances in 

cardiovascular system, 

liver and kidney damage 

Sharma, 1995 

 

 

Copper  

 

Copper and brass 

plating, mining, metal 

industries and copper-

ammonium rayon 

industries 

Normocytic, hypochromic 

anemia, leucopenia and 

osteoporosis  

 

Aksu and Kutsal, 

1997  

Chromim Metal plating, 

electroplating, leather, 

mining, galvanometry, 

dye production 

Ulcer, skin irritation, liver 

and kidney damage 

 

LandisandYo,2003;

Kumar et al.,2007 

 

Lead Metal plating, textile, 

battery manufacturer, 

automotive and 

petroleum industries 

Spontaneous abortion,  

damage nervous system, 

kidney and brain damage 

 

Tunali et al., 2006 

 

Mercury 

 

Metallurgy industries, 

chemical manufacturing 

and metal finishing 

 

Memory problems, 

increased heart rate, 

tremors, kidney and brain 

damage 

 

Abia.,2005, Abia., 

2006 

 

 

Source: (WHO,2008). 
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2.2.2. Chromium 
 

Chromium is an essential nutrient for plant and animal metabolism. However, the 

increasing accumulation of chromium in the environment from industrial outputs has 

caused great concern. Chromium-contaminated wastewaters can originate from dyes 

and pigment manufacturing, wood preserving, electroplating and leather tanning. 

Chromium exists in III (3+) and VI (6+) oxidation states, as all other oxidation states 

are not stable in aqueous solutions. Both valences of chromium are potentially 

harmful (Dakiky et al., 2002). 
 

Hexavalent chromium which is primarily present in the form of chromate (CrO4
2−) 

and dichromate (Cr2O7 
2−) poses significantly higher levels of toxicity than III(+) 

valence states (Sharma and Forster, 1995). Conventional methods for removing Cr 

(VI) ions from industrial wastewater include reduction (reduction followed by 

chemical precipitation adsorption on activated carbon, solvent extraction, freeze 

separation, reverse osmosis, ion exchange, photo reduction and electrolytic methods. 

These methods have found limited application because they often involve high 

capital and operational costs. (Ozer and Ozerorfina, 2003). 

 

Adsorption is an effective and versatile method for removing chromium. Natural 

materials that are available in large quantities or certain waste products from 

industrial or agricultural operations have been reported as potential adsorbent for 

removal of hexavalent chromium  Fly ash from thermal power plant (Panday et al.,1 

985), waste slurry from a fertilizer plant (Srivastava et al., 1989) and Fe (III)/Cr (III) 

hydroxide obtained from the petrochemical industry (Namasivayam, 1993), blast 

furnace flue dust and photo film waste sludge (Selvaraj et al., 1997) have been 

examined for the removal of hexavalent chromium. The adsorption of Cr(VI) on 

bituminous coal, sphagnum peat moss (Sharma and Forster,1993), coconut husks and 

palm pressed fibers, sawdust, sugarcane bagasses, sugar beet pulp and maize hask 

(Sharma and Forster, 1994) has been reported. Chromium contamination of soil and 

groundwater is one of the significant environmental problems today. Chromium is 

believed to be the second common inorganic contaminant after lead. The toxicity of 
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chromium does not reside solely with the elemental form but varies greatly among a 

wide variety of chromium compounds. 

 

Oxidation state and solubility are crucial factors in this regard (Salimi et al., 2006). 

Under common environmental conditions Cr (III) compounds are sparingly soluble 

in water, whereas Cr(VI) compounds are quite soluble. Chromium(III) is considered 

to be essential to mammals for glucose, lipid, and protein metabolism and hence is 

an essential dietary element (Salimin et al., 2006).  On the other hand, Cr(VI) is 

much more toxic and mobile in groundwater than the relatively immobile Cr(III) and 

possesses mutagenic and carcinogenic activity (Shadreck and Mugadza, 2013).  

 

In humans, Cr(VI) exposure caused marked irritation of the respiratory track and 

ulceration and perforation of the nasal septum in workers in the chromate producing 

and using industries. Ingestion of 1.0 g to 5.0 g of Cr(VI) as chromate results in 

severe acute gastrointestinal disorders, hemorrhagic diathesis, and convulsions. 

Death may occur following cardiovascular shock (Mansor and Hasieb, 2012).The 

maximum levels permitted in drinking water are 5 mg/L for trivalent and 0.05 mg/L 

for hexavalent chromium (Acar and Malkoc, 2004).But, there is still uncertainty 

regarding what daily dose of Cr (VI) is considered toxic and what ingestion 

concentration of Cr(VI) is acceptable. Humans are exposed to chromium through 

breathing, eating or drinking and through skin contact with chromium or chromium 

compounds. The level of chromium in air and water is generally low. In drinking 

water the level of chromium is usually low as well, but contaminated well water may 

contain the dangerous chromium (VI).  

 

For most people eating food that contains chromium (III), it is the main route of 

chromium uptake, as chromium (III) occurs naturally in many vegetables, fruits, 

meats, yeasts and grains. Various ways of food preparation and storage may alter the 

chromium contents of food, as in the case of food stored in steel tanks or cans 

leading to enhanced chromium concentrations.  Chromium (VI) is dangerous mainly 

for people who work in the steel and textile industry. Chromium (VI) is known to 

cause various health effects. When it is a compound in leather products, it can cause 

allergic reactions, such as skin rash. Inhaling chromium (VI) can cause nose 
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irritations and nosebleeds. Other health problems that are caused by chromium(VI) 

are skin rashes, respiratory problems, weakened immune systems, kidney and liver 

damage, alteration of genetic material, lung cancer and death (Salimi et al., 2006).   

The health hazards associated with exposure to chromium are dependent on its 

oxidation state. The metal form (chromium as it exists in this product) is of low 

toxicity. Adverse effects of the hexavalent form on the skin may include ulcerations, 

dermatitis, and allergic skin reactions. Inhalation of hexavalent chromium 

compounds can result in ulceration and perforation of the mucous membranes of the 

nasal septum, irritation of the pharynx and larynx, asthmatic bronchitis, and edema. 

Respiratory symptoms may include coughing and wheezing, shortness of breath, and 

nasal itch. Chromium and most trivalent chromium compounds (calcium chromate, 

chromium trioxide, lead chromate, strontium chromate, and zinc chromate) have 

been listed by the National Toxicology Program (NTP) as having inadequate 

evidence for carcinogenicity in experimental animals. 

2.2.3. Zinc 
Due to its extraordinary resistant to atmospheric corrosion, zinc is commonly used to 

protect iron from rusting, in the process called galvanization. Zinc is widely used for 

the manufacturing of zinc white and several useful alloys such as brass, German 

silver, delta metal, for the preparation of gold and silver in the cyanide method, for 

the desilverization of lead in parks process and as an anode material in galvanic 

cells. Various zinc salts are used industrially in wood preservatives, catalysts, 

photographic paper, and accelerators for rubber vulcanization, ceramics, textiles, 

fertilizers, pigments, steel production and batteries (Kuyucak and Volesky, 1988). 

Zinc toxicity from excessive ingestion is uncommon but causes gastrointestinal 

distress and diarrhea (Babel and Kuraniwa, 2003). 

2.2.4. Nickel 

Nickel is a non-biodegradable toxic heavy metal ion present in waste water. The 

main source of nickel pollution in the water derives from industrial production 

processes such as galvanization, smelting mining, dyeing operation, batteries 

manufacturing and metal finishing (Ouki, 2009).Trace amounts of nickel are 

beneficial to human organism as an activator of some enzyme system, but if it is 
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beyond the scope of normal levels, different types of diseases occur such as lung 

cancer, renal edema, skin dermatitis and gastrointestinal disorder. For this reason, the 

Water Sanitation and Hygiene (WSH) under World Health Organization (WHO) 

established the toxic limits of permissible concentrations of nickel at a level of 

Nickel and insoluble compounds of 1.0 mg/m3 soluble compounds of 0.1mg/m3, 

nickel carbonyl of 0.05-0.12mg/m3and nickel sulphide of 1.0mg/m3 (Rojas et al 

1998). The conventional methods of nickel removal from water include chemical 

oxidation or reduction chemical precipitation, ion exchange membrane separation, 

filtration, electrochemical treatment and adsorption, 

As an economical and efficient method, adsorption technique has been widely 

applied to remove heavy metal ions from waste water. Numerous materials have 

been used as adsorbents for the removal of Ni (II) processes including activated 

carbon, silica, ion-exchange resins, rock materials, activated slag, agricultural 

wastes, microbial and plant derived biomass and chitin (Zhitkouich et al., 2002).But 

it remains necessary to develop a low-cost, easily available, high adsorption capacity 

material for waste water treatment that might remediate the Nickel environmental 

problems. In recent years, a number of novel metallic oxides have gained a growing 

interest since they are especially useful in the removal of heavy metal ions from 

waste water effluents (Batouti and Moneim,2014)  

Industrial waste water may contain a large number of heavy metals in it. Nickel, one 

of them, is a non biodegradable toxic heavy metal ion present in waste water. 

Environmental contamination due to nickel, electroplating is one important process 

involved in Surface finishing and metal deposition for better life of articles and   for 

decoration. Although several metals can be used for electroplating, nickel, copper, 

zinc and chromium are the most commonly used metals, the choice depending upon 

the specific requirement of the articles (Aca and Malkoc , 2004). 

 During washing of the electroplating tanks, considerable amounts of the metal ions 

find their way into the effluent. Nickel is also present in the effluents of silver 

refineries, zinc base casting and storage battery industries etc (Kuyucak and Volasky, 

1988). Its enter in the food chain progressively larger accumulation of nickel 

compounds takes place in humans and animals, higher concentration of nickel causes 
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cancer of lungs, nose and bone (Lokendra et al., 2013) Dermatitis (Ni itch) is the 

most frequent effect of exposure to Ni, acute poisoning of Ni (II) causes headache, 

dizziness, nausea and vomiting, chest pain, tightness of the chest, dry cough and 

shortness of breath, rapid respiration, cyanosis and extreme weakness (Malkoc and 

Acar, 2004). 

 

2.3. Methods of treating electroplating waste water  
There are many physical, chemical and biological methods that are currently being 

used for treating electroplating wastewater (Srisuwa and Thongchui, 2002). Some of 

the commonly used methods are chemical precipitation, coagulation/ flocculation, 

ion exchange, electrolytic deposition and evaporation method. 

 

2.3.1. Chemical Precipitation.  

 

This is one of the cost effective ways of removing heavy metals from wastewater. In 

this method a chemical additive is selected in such a way that it will make the metal 

that is to be removed from the wastewater insoluble. After the metal precipitates in 

the solution then it can be easily removed from the water by filtering or settling. 

Most of the metals are precipitated as metal hydroxides by raising the pH to a neutral 

or an alkaline level. However, this method is not effective enough to meet the 

discharge effluent standards. Another problem with this method is that chelated 

metal ions do not precipitate at all. So, for metal hydroxides more advanced 

treatments such as reaction with organic or inorganic sulfides are employed. 

Chemical precipitation uses hydroxide, carbonate or sulphide reagents for 

precipitation such as lime and soda (Vanderviere et al., 1998).  
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The theory of chemical precipitation is a complex one. One of the many 

disadvantages of this process is that the precipitation process is often left incomplete 

and there are many side effects related to it.  Even though it is a cost effective 

method for 13 wastewater treatment, it is not efficient enough to meet the discharge 

limits. Another disadvantage of this process is that it generates large amounts of 

water rich sludge which needs to be disposed of (Upadhyay et al., 2006). 

 

2.3.2. Coagulation/ Flocculation  

  

Flocculation is one of the widely used methods for removing suspended particles 

from wastewater. It is a process in which the metal to be removed is separated out 

from the solution as floes or flakes which can then be easily removed.  Flocculation 

is often preceded by coagulation where, by the addition of a coagulant, substances 

are aggregated into microscopic particles which then flocculate into larger floes.  In 

this process the destabilized suspension is mixed very slowly to provide an 

opportunity for the particles to come into contact with one another and form floes.   

 

The most commonly used coagulants-flocculants in wastewater treatment are 

aluminum sulphate, calcium oxide, iron (III) chloride, iron (II) sulphate and sodium 

silicate These are often used with various coagulant aids, such as synthetic poly  

electrolytes (anionic, cationic, or non-ionic polymers), fly ash and clay (Semerjian et 

al., 2003). The disadvantage of this process is that it has a moderately higher total 

operation and maintenance cost which is mainly due to sludge handling. 
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2.3.3. Ion Exchange Method. 

Ion exchange is a process in which the metal ions are removed from the aqueous 

phase by the exchange of cat ions or anions between the exchange medium and the 

wastewater. The materials used for making ion exchange media are either natural or 

synthetic organic materials or inorganic polymeric materials. These resins can be 

regenerated for re-use after their exchange capacity is exhausted. Even though this is 

an efficient method for wastewater treatment, it is not that widely used because of its 

high cost. Another disadvantage of this method is that during the ion exchange 

process these resins absorb and store all the toxic chemicals which need to be 

disposed. Large quantities of salt is formed which also need to be taken care of 

(Upadhyay et al., 2006). 

 

2.3.4. Electrolytic deposition method. 

 

This method is mainly used for treating cyanide-containing wastewater. In this 

process the cyanide wastes are subjected to electrolysis at high temperatures (95°C) 

for several days. One disadvantage of this process is that the process may not reach 

completion and some residual cyanide and cyanate remains which need further 

treatment (Shinomiya et al., 2006). 
 

2.3.5. Evaporation. 

 

Evaporation of plating wastewater has been studied to recover the plating metals. 

Single stage and multiple stage evaporation have been employed. Because of high 

cost of equipment this method is not commonly used (Abreu, 2007). 
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2.3.6 Activated carbon of adsorption. 
 

Adsorption using activated carbon is one of the most attractive methods for heavy 

metal removal from wastewater because of its high efficiency in removing metals 

(Ouki et al., 1997). This method is not that popular in developing countries because 

of high initial and operating costs (Monser and Adhoum, 2002). 

 

Activated carbon is a material used to filter harmful chemicals from contaminated 

waste water and air It is composed of black granules of coal, wood ,nutshells or other 

carbon rich materials. As contaminated water or air  flows through activated carbon 

the contaminates sorbs (stick) to the surface of the granules and removed from the 

water or air (USEPA, 2012). Used to in many industries to purify, decolorize, 

dechlorinate, detoxicate, filter, recover salts, treat waste water and used as catalysts 

and catalysts Supports(Bansal et al.,1988).Coffee husk  are the major solid residues 

from the handling and processing of coffee since  for every kilo grams of coffee 

beans produced; approximately one kilo grams of husks are generated and  their  

disposal  causes  serious  environmental  problems. 

 

In recent years, there has been an increasing trend towards an efficient utilization and 

value addition of coffee husks. Proposed alternative uses for coffee husks include 

employing this solid residue as a supplement for animal feed,  direct  use  as  fuel  

and  fermentation  for  the  production of a diversity  of  products  such  as enzymes, 

citric acid and flavoring substances, use as a substrate for growth of mushrooms and 

as adsorbents. Such residue consists mainly of the pulp and hull of the coffee fruit; it 

presents a high concentration of carbohydrates (Franca and Olivier, 2009). 
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Table 3 Chemical composition of coffee husk. 

 

source. (Gouvea et al., 2009) . 

 

2.3.7 Adsorption 

 

Adsorption is one of the more effective methods for removing heavy metals from 

Industrial wastewaters. Adsorption is the surface phenomenon of binding molecules 

or particles in a solution onto a surface. It is also defined as the "increase in 

concentration of a particular component at the surface or interface between two 

phases" (Faust and Aly, 1987).  The substance that is removed from the liquid phase 

is called theadsorb ate and the adsorbate is the solid, liquid or gas phase onto which 

the adsorbate accumulates. The surface of a solid or liquid are subject to unbalanced 

forces of attraction which are merely forces acting within the body of the material 

and are responsible for the phenomenon of adsorption. Adsorption is mainly of two 

types: physical adsorption and chemical adsorption. The physical adsorption process 

does not involve the sharing or transfer of electrons. 

 

The interactions are fully reversible enabling desorption to occur at the same 

temperature and is not site specific. Whereas, chemical sorption involves chemical 

Components    % dry mass 

Carbohydrates   58-85 

proteins   8.5-12.1 

Fats   0.5-3 

Lignin  20 

Cellulose   43 

Hemicelluloses  7 

Minerals 3-7 

Tannins 5 
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like bonding onto the surface of adsorbents and is typically an irreversible process. 

Chemisorptions’ is site specific i.e. the chemisorbed molecules are fixed at specific 

sites. 

  

For adsorption modeling, there is a need to find the rate determining step of the 

adsorptive process. Adsorption is a mass transfer operation and the kinetics involved 

in the adsorption is simple. 

  

The adsorption process takes place in three steps: ( Kanja et al., 2006). The first step 

is the transport of the adsorbate from bulk solution to  the outer surface of the 

adsorbent by molecular diffusion which is called external or film diffusion, 

(Cushnie, 1985) the second step, known as internal diffusion involves the transport 

of the adsorbate from the particle surface to the interior sites by diffusion within the 

pore and migration along the solid 16 surface of the pore, (Ollard  and Smith, 

1964).the third step is the  adsorption of the solute on the active sites on  the interior 

of the pores (George, 2012). 

  

2.3.8 Adsorbents  

 

There are lots of adsorbents that are effective for heavy metal removal from 

electroplating wastewater. The principal types of adsorbents are activated carbon, 

synthetic polymeric, and silica based adsorbents (Srisuwan and Thongchui, 2006). 

Many of these adsorbents are not used widely because of their high cost. 

 

There are numerous small scale plating plants in developing countries such as India, 

China and Thailand which are facing problems with treating the wastewater before 

discharging into the drains because none of the wastewater treatment processes that 

are effective are economical at the small scale. For this reason, the effectiveness of 

low cost adsorbents for heavy metals removal is being studied widely with the aim 

of finding cheap natural adsorbents that are easily available and which are effective 

in removing the toxic heavy metals in the electroplating wastewaters. Studies has  

been done on natural wastes where materials such as cotton (Roberts et al., 2002) 
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walnut waste (Randall et al., 1974), peanut skin (Randall et al., 1975), sugarcane 

waste and onion hull (Kumar and Dara, 1982) coffee grounds (Macchi et al.,1986), 

tea leaves (Ahluwalia and Goyal, 2005) apple wastes (Maranon and Sastre, 1991), 

wool fiber (Balkose and Baltacioglu, 1992) bark and other cellulosic (Marshall et al., 

1999) and linseed flax have been studied. In general, they present good adsorption 

capacity. These unconventional natural adsorbents have advantages other than being 

abundant in nature. Most of them need less prior processing and are waste by-

products from some other industry.  

 

2.3.9. Biosorption 

 

It is a biological sorption method used for heavy metal removal from wastewater. 

Live or dead microorganisms or their derivatives are used in biosorption. In this 

method the metal ions are complexed by the functional groups present on their outer 

surfaces through the action of ligands. It is an effective and a cheaper method 

compared to the other removal techniques (Mukesh et al., 2013). The disadvantages 

of this process are that it takes a long time for the removal of heavy metals and also 

that the regeneration of the material for further biosorption is not possible 

(Ramakrishna et al., 1997). 

 

Biosorption can be defined as the ability of biological materials to accumulate heavy 

metals from wastewater through metabolically mediated or physico-chemical 

pathways of uptake (Fourest, 1992). It involves a solid phase (sorbent or biosorbent; 

usually a biological material) and a liquid phase (solvent, normally water) containing 

a dissolved species to be sorbed (sorbate, a metal ion). Due to higher affinity of the 

adsorbent for the adsorbate species the latter is attracted and bound to the former 

through different mechanisms. 

 

The process continues till equilibrium is established between the amount of solid-

bound adsorbate species and its portion remaining in the solution. While there is a 

preponderance of solute (adsorbate) molecules in the solution, there are none in the 

sorbent particle to start with. This imbalance between the two environments creates a 
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driving force for the solute species. The heavy metals adsorb on the surface of 

biomass thus, the biosorbent becomes enriched with metal ions in the sorbate 

Biosorption of metal ions using biological materials such as algae, bacteria, fungal 

and yeast. and agricultural wastes have received greater attention due to its 

advantages over conventional methods (Arica et al, 2003). Biosorption process could 

involve several mechanisms such as ion-exchange, physical adsorption, 

complexation and precipitation (Veglio and Beolchini, 1997).The major advantages 

of biosorption process over conventional technologies include low cost, high 

efficiency, minimization of sludge production, regeneration of biosorbent and 

recovery of metals is possible (Kratochvil and Volesky, 1998; Ahalya et al., 2003). 

 

2.3.10. Biosorbents 

 

Both living and nonliving microorganisms such as algae, bacteria, fungal, yeast and 

waste of food and agricultural industry were used as biosorbent materials for heavy 

metals biosorption (Wang, 2006). Focus on using these microorganisms as well as 

wastes of food and agricultural industries  as biosorbent for metals removal was 

searched as it is cheap and abundant (Kapoor and Viraraghavan, 1997).  

 

The idea of using various agricultural products and byproducts for the removal of 

heavy metal from solution has been investigated by a number of authors. (Friedman 

and Waiss, 1972), (Randall et al., 1974) and (Henderson et al., 1977) have 

investigated the efficiency of number of different organic waste materials as sorbents 

for heavy metals.  

 

 The obvious advantage of this method compared to others is lower cost involved 

when organic waste materials are used. Activated carbon adsorption appears to be a 

particularly competitive and effective process for the removal of heavy metals at 

trace quantities (Huang and Blankenship, 1984).  However, the use of activated 

carbon is not suitable for developing countries because of its high cost (Panday et al., 

1985). Therefore, the uses of low cost materials as possible media for metal removal 

from wastewater have been highlighted. These materials range from industrial 
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products such as rubber tires (Knocke and Hemphill, 1981) industrial wastes and 

some natural material including agricultural product and by-product as mentioned 

earlier. The native exchange capacity and general sorption characteristics of these                  

materialsderivefromtheirconstituentpolymers.Thesearecellulose,hemicelluloses, 

pectin,lig 

 
 Cellulose                             Hemicelluloses                                       Pectin 

 

(Houngshan et al., 2003) have proposed the utilization of biomaterials or abandoned 

biomaterials (BIOM), new name for agricultural product and by-product of which 

the major component is cellulose (C6H10O5)n. Cellulosic surface becomes partially 

negatively charged when immersed in water and, therefore, possess columbic 

interaction with cationic species in water (Laszlo and Dintzis,1994; Mckay et 

al.,1987).  The high binding capacities of cationic species on the adsorbents are 

mainly the results of columbic interactions (Weixing et al., 1998). 
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Table 4 Heavy metal adsorption capacity (mg/g) of agricultural 

products and by-products 

Adsorbent material 

 

Adsorption Material capacity (mg/g) References 

Cd+2 Cr+3 Cr+3 Pb+2 

Exhausted coffee, 

Waste tea, Walnut 

shell and Turkish 

coffee  

1.48,1.63,1

.5,1.17 

 

- 

1.42,1.

55,1.33

,1.63 

 

- 

OrhanandBuyukgungo

r, 2014 

Untreated pinus 

sylvestris bark 

- 8.69 - - Naasem and tahir,2007 

Treated pinus 

sylvestris bark, 

- 9.77 - - Olivella et al.,2015. 

Orange peel (white 

inner skin), Orange 

peel (outer skin) 

   - - 125 - MasriandMendel,2015 

Rice husk ash 20.24   -   - 66. Vieira et al.,2014   

. 

2.3.11.Mechanism  of  biosorption  process 

 

Adsorption and desorption studies invariably yield information on the mechanism of 

metal biosorption: how is the metal bound within the biosorbent. This knowledge is 

necessary for understanding of the biosorption process and it serves as a basis for 

quantitative stoichiometric considerations which constitute the foundation for 

mathematical modeling of the process(Wang, 2006). Depending on the nature of the 

interactions of adsorbent/adsorbate, the adsorption is classified in to: chemisorptions, 

ion exchange, complexation, physical adsorption, and precipitation for example, 

studies show that fungal biomass and seaweed in particular have indicated a 

dominant role of ion exchange metal binding. Indeed, the biomass including 

agricultural wastes offers numerous molecular groups which are known to offer ion 
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exchange sites: carboxyl, sulfate, phosphate, amine, could be the main ones ( Ahalya 

et al., 2003). 

 

2.3.11.1 Physical Adsorption 
 

Is the process that occurs whenever molecule is held to the surface of adsorbent by 

van derwaal’s forces, retaining its chemical identity. Vander Waal’s forces were 

observed to take place between metal ions in the solution and cell wall of the 

microbial. These interactions are reported to be responsible in copper biosorption 

using Zoogloea ramigera and Chlorella vulgaris (Yahaya and Mashitah , 2014). 

 

2.3.11.2 Complexation 

 

Metal ions removals from aqueous solution also take place by complex formation on 

the adsorbent surface after the interaction between metal ions and active groups. 

Metal ions can be adsorbed or complexed by carboxyl groups found in the microbial 

polysaccharides or other polymers. (Aksu et al., 1992) reported that copper 

biosorption onto Zoogloea ramigera and Chlorella vulgaris involve both adsorption 

and formation of coordination bonds between metals and carboxyl, amino groups of 

the cell wall. Some  of the active groups responsible in the metals biosorption. 
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Table 5. Functional groups that is responsible in metals biosorption  

Form

ula    

Basic groups                                  Formula       Acidic groups 

 -NH2 Amino  - COOH                                    Carboxylic 

=NH   Amino                                       -SO3H                                        Sulphonic      

-N=                      Cyclic or non  

cyclic nitrogen            

  -PO(OH)2 Phosphonic     

 =CO                     Carbonyl       -OH Enolic,                              Enolic, Phenolic 

  -O-                       Ether =N-OH   Oxime 

-OH                      Alcohol    -SH   Mercaptan     

 -S-                       Thio ether  -    - 

Source:- (Ngadi and  Yusoff,2013). 

2.3.11.3. Ion exchange 

 

Ion exchange is a reversible chemical reaction where an ion in a solution is 

exchanged for a similarly charged ion attached to an immobile solid particle. Ion 

exchange is a versatile separation process used to remove metal contaminants from 

aqueous wastewater and to recycle or discharge the treated solution. It involves the 

use of an ion selective resin to remove ionic contaminants such as metals from the 

solution (Kuyucak and Volesky, 1988). 

 

2.3.11.4 Precipitation 
 

This mechanism is dependent or independent on cellular metabolism. Metal ions 

removal from aqueous solution often associates with active defense system of 

microorganisms. This active system is a system that produces compounds favoring 

the precipitation process (Veglio and Beolchin, 1997). 
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2.4.Adsorption Isotherms 
 

Modeling the equilibrium data allows comparison of different biosorbents under 

different operating conditions. Equilibrium data, also known as adsorption 

isotherms, are basic requirements for the design of adsorption systems and provide 

information on the capacity of the adsorbent or the amount required to remove a unit 

mass of pollutant under the system conditions .such as initial pH of metal solution, 

initial metal ion concentrations and amount of biosorbent. There are many 

equilibrium models in use but the most common models are the Langmuir 

(Langmuir, 1918) and (Freundlich, 1907) models. The Langmuir isotherm model is 

based on the assumption that maximum adsorption corresponds to a saturated 

monolayer of adsorbate molecules on the adsorbent surface (adsorption occurs at 

specific homogenous adsorption sites), that the energy of adsorption is constant and 

that there is no transmigration of adsorbate in the plane of the surface.  The 

Langmuir isotherm represents the equilibrium distribution of metal ions between the 

solid and liquid phases. The following equation can be used to model the adsorption 

isotherm: 

     

         q =  
𝐪𝐦𝐚𝐱𝐛𝐂𝐞𝐪

𝟏+𝐛𝐂𝐞𝐪
---------------------------------------------------------------------------(1) 

Where   q     is milligrams of metal accumulated per gram of the bio-sorbent 

material;  

            Ceq   is the metal equilibrium concentration in solution;  

           qmax is the maximum specific adsorption Capacity corresponding to the site 

saturation and b  is  constant related to adsorption energy. 

When the initial metal concentration rises, adsorption increases while the binding 

sites are not saturated. The line arise Langmuir isotherm allows the calculation of 

adsorption capacities and the Langmuir constants and is equated by the following 

equation. 
      𝐂𝐞𝐪

𝐪
 =  𝟏

𝐛𝐪𝐦𝐚𝐱
+

𝐂𝐞𝐪 

𝐪𝐦𝐚𝐱        
  − − − − − − − − − − − − − − − − − − − − −   (2) 

Thus a plot of Ceq/q vs Ceq should be linear if Langmuir adsorption were operative, 

permitting calculation of qmax. The essential characteristics of a Langmuir isotherm 
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can be expressed in terms of a dimensionless constant separation factor or 

equilibrium parameter RL, which is defined by 

            RL = 𝟏

𝟏+𝐛𝐂𝟎
 --------------------------------------------------------------------------(3)

  

Where Co is the initial adsorbate concentration (mg/l) and b is the Langmuir 

constant (l/mg).  RL indicates the isotherm shape and whether the adsorption is 

favorable or not, as per the criteria given below.  

 

Table 6. Type of Isotherm for various RL 

RL   Type of isotherm Source   Source 

RL=1 Linear (Thamilarasu et.al., 2011). 

RL>1 Unfavorable (Sivak et.al., 2011). 

RLbetween0and1 Favorable (Thilagavathy et.al., 2013). 

RL=0 Irreversible (Kumar.andTamilarasan2013) 

 

An isotherm is favourable if its adsorption capacity grows rapidly with concentration 

at equilibrium in the liquid phase. Langmuir and Freundlich are examples of 

"favourable" isotherms i.e. a plot of q vs c has a convex shape such that q>>c at low 

concentrations. This a lows effective recovery from dilute streams and minimizes the 

un adsorbed losses in an adsorption process. The maximum for a highly favourable 

isotherm is irreversible adsorption, where the amount adsorbed does not depend on 

the decrease in concentration down to very low values. Both an unfavorable isotherm 

is concave in shape i.e. q>>c only at high liquid phase concentrations such that 

effective adsorption from dilute streams is not possible (Hall and Vermeylem, 1966). 

 

The Freundlich equation is basically empirical, but is often useful as a means for 

data description. Assumes adsorption occurs at heterogeneous surface or surfaces 

supporting site of varied affinities. Freundlich isotherms were basically obtained by 

agitating the adsorbate solution of a fixed concentration and the adsorbent of 

different doses for a contact time greater than the equilibrium time. The Freundlich 

isotherm is represented by the equation (Freundlich, 1907). 
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    𝑞 = KfCeq

1

n   -------------------------------------------------------------------------------(4) 

Where        

                     Ceq          is the equilibrium concentration (mg/l)  

                      q           is the amount adsorbed (mg/g) and 

                    Kf& n     are adsorption capacity and intensity respectively.  

 

lnq = lnKf +
1

n
lnCeq  -------------------------------------------------------------------  (5) 

 

Kf and n are calculated from the slopes of the Freundlich Plots. The Freundlich 

isotherm basically indicates whether the adsorption proceeds with ease or difficulty.  

 
Schematic representation of adsorption process 

2.5.Kinetic modeling of biosorption 

The kinetic model of biosorption tells us the rate of occupation of biosorption sites 

i.e. the residence time required for complete adsorption reaction. Numerous kinetic 

models have been suggested to describe the reaction order of adsorption systems. 

Different kinetic models have been used in order to describe adsorption processes. 

Widely used models are pseudo-first order and pseudo-second order models. 
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2.5.1. Pseudo-First order model  
 

Pseudo-first order kinetic model which is believed to be the earliest model to 

describe kinetics of an adsorption process. It is first present by Lagergeren in 1988 in 

order to describe liquid solid phase adsorption of oxalic acid and malonic acid onto 

on to charcoal (Qiu et al., 2009) Equation of pseudo first order kinetic model 

Number(6). 
𝒅𝒒

    𝒕𝒅𝒕
=  𝑘1(qe − qt) ------------------------------------------------------------------ (6) 

log(q − qt) =
logqe−k1

2.303t
 and     h  = k1qe 

 Where    qt  is the amount of adsorbed Pollutant on the adsorbent at time t 

                k1 is the rate constant of  Lagergren first-order adsorption  

                h  is  initial sorption rate Lagergren. 

 

2.5.2. Pseudo- Second order model  

Pseudo second order equation is based on the assumption that the biosorption 

follows a second order mechanism and occupation rate of adsorption site is 

proportional to the square of the number of unoccupied sites( Antunes,2003) 

Equation number. 
𝒅𝒒

𝒕𝒅𝒕
=  k2(qe − qt)2    − − − − − − − − − − − − − − − − − − − − − (7) 

               qe      = 𝑡

 
1

𝑘2𝑞𝑒
+

𝑡

𝑞𝑒

 

                h       =𝑘2𝑞𝑒
2 

  Where k2 is equilibrium rate constant of second-order adsorption  

                     h is  initial adsorption rate (Amit et al., 2015). 

 

 

 

 

 

 

http://www.researchgate.net/researcher/39672997_Amit_Bhatnagar
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3. MATERIALS and METHODS 

3.1 Sampling and sample preparation  

 

3.1.1 Preparation of the activated carbon  

The coffee husk obtained from coffee processing unit at, Megenagna Bona Bord was 

used for the preparation of activated carbon. The coffee husk was washed  with tap 

water   in order to remove any competitive materials from its surface and treated 

with 2% formaldehyde solution in order to reduce biodegradation of organic 

compounds and avoid mould formation during batch sorption following the 

procedure described by Chen (2005). Then it was dried in oven at 1050C for 24 h. 

 

The activated carbon was prepared by treating raw coffee husk with sulfuric acid; the 

acid treatment can be carried out by weighing a known amount of coffee husk and 

treated with 0.1M sulfuric acid and activated at 1500C for 5h. The adsorbent which is 

treated with sulfuric acid was washed by distilled water. Then it was dried at 105C0 

for 24h. The dried material was subjected to thermal activated at 5500C for 60min 

after completing the carbonization process; it was, then cooled. 

The product formed by either of the methods is known as activated carbon and 

generally has a very porous structure with a large surface area ranging from 500 to 

2000 m2g−1 (Mohan et al.,2006).  The produced activated carbon from coffee husk 

was washed with distilled water and then dried. The dried activated carbon was 

crushed and grinded. Then after, it was dried overnight at105C0
.After completing the 

carbonization process and cooled in the desecrator. Finally the adsorbent sieved 

using 250-500 µm sieve in order to proceed to the adsorption experiment. 

 

Figure 1 Activation of coffee husk  

A B C 

http://hinari-gw.who.int/whalecomwww.sciencedirect.com/whalecom0/science?_ob=ArticleURL&_udi=B6TGF-4P9SNJ7-7&_user=2778664&_coverDate=04%2F15%2F2008&_rdoc=25&_fmt=high&_orig=browse&_srch=doc-info(%23toc%235253%232008%23998479996%23683092%23FLA%23display%23Volume)&_cdi=5253&_sort=d&_docanchor=&_ct=58&_acct=C000049744&_version=1&_urlVersion=0&_userid=2778664&md5=874bd9f7415ff3bf09dcd5f4eb59182f#bib12
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(A) Coffee husk before treatment. (B) After activation coffee husk   (C) After grinding 

activated 

 

3.1.2. Waste water sample collection and pretreatment 

 

Waste water sample from electroplating industry were collected in 5L plastic bottles 

from HIBRET manufacturing and machine Building Industry. 

 

3.1.3. Sample analysis  

3.1.3.1. Characterization of adsorbent 

Particle size of the adsorbent was determined according to Dagmawi Mulugeta and 

Mekibib Dawit (2013). Fifty gram amount of activated carbon were weighed and put 

on to the sieve shaker with different sieve size. The moisture content and ash content 

of the activated carbon were determined by gravimetric techniques using drying 

oven and muffle furnace (Sheffield, S302RR, England), respectively. Bulk density 

was determined using bulk density apparatus. The porosity of the activated carbon 

powder was determined based on the particle density and bulk density of the powder 

according to Nimmo (2004). Elemental analysis for carbon (C) Loss ignition 

methods and nitrogen (N) content of activated carbon were estimated using STM 

D2974-87 standard methods (Guan et al., 2013). Total nitrogen were determined 

using Kjeldahl method and total carbon was by loss on ignition method or wet 

Oxidation method (Makhosa and Sika, 2012). 
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3.1.3.2. Determination of the concentration of H+ and electrical conductivity of 

activated carbon. 
 

These parameters were determined using a method describe on  ASTMD3838-80  of  

which  one gram of  the  activated carbon was weighed and transferred into a 250ml 

beaker and 100ml of distilled water was added and stirred for one hour using 

magnetic stirrer. Samples were allowed to stabilize and then pH and conductivity 

were measured using an electronic pH and electrical conductivity meter (Jenway 430 

Model). 

 

3.1.3.3 Determination of pore volume 

 

The pore volume was determined using bulk density and particle density of the 

activated carbon. After obtaining these two densities then the values introduced to 

equation (8) (Dagmawi Mulugeta and Mekibib Dawit, 2013). 

 

Pore volume = bulk density-particle density  ------------------------------------(8) 

                                 bulk density  

 

3.1.3.4 Determination of bulk density 

 

The bulk density was determined according to ASTM D2854-96 method that  

25cm3density bottle was weighed and the activated carbon sample was packed by 

repeatedly tapping the bottle using bulk density apparatus in order to fill up to  the  

marked level of the bulk density apparatus.  The  bottle  was there weighed  and  the 

difference  in  the volume  gave  the  weight  of  powder  taken  in  the  bottle.  The 

bulk density of the powder was calculated by taking the ratio of weight of powder 

taken in the bottle to the tapped volume of the density bottle. 

  

Bulk density (g/m3) = weight of dry sample (g)--------------------(9)                                                                                  

volume of packed sample (m3)  
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3.1.3.5 Determination of moisture content 
 

Moisture content was determined using ASTM D2867-91 method. A crucible was 

weighed and 5g  of  activated carbon was  taken  and after  then  the  crucible  was  

placed in an electric hot  air  oven maintained  at  1050C for  3  hour. According  to 

Nwabanne and Mordi (2009). Then the crucible was taken out, cooled in  a portable 

desiccators and weighed again.  Heating and weighing was continued until obtaining 

value and the loss in weight of the powder gave percentage of the moisture content 

in the sample of activated carbon used for adsorption. Then percent of moisture 

content was determined using (equation 10) 

 

Moisture content (%) =loss in weight on drying (g)/initial sample weight (g) x100.  

or                                                                                                                                                             

Moisture content = (W1+W2) -W3 x100 ------------------------------------------(10) 

                                         W2 

Where, W1= weight of dish  

             W2 = weight of sample  

             W3 =weight of residue after drying 

 

 3.1.3.6 Determination of volatile matter 

 

About 2.5g of the powdered dried activated carbon was taken in previously weighed 

crucible. The crucible  was  placed  in  a  muffle  furnace  maintained  at  about  

9250C, according to David et al., (2006). It was taken out exactly at 90 minute. The 

crucible was cooled in desiccators and weighed again. The result was calculated 

using equation 11 in order to obtain the percent of volatile matter carbon. 

  

Volatile matter (%) =weight of volatile components (g) x100 --------------------(11) 

                                         Oven dried weight (g)  
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3.1.3.7. Determination of ash content 
 

Ash content determination was done according to the ASTM D2866-94 method. 2.5g 

The residual activated carbon powder from the above step was placed in a porcelain 

crucible and transferred into a preheated muffle furnace at a temperature of 5500c for 

5 hour. The crucible was cooled in a desiccators and weighed again. The heating, 

cooling and weighing cycle was repeated until constant weight was obtained, then 

the weight lost was recorded as the ash content of the activated carbon sample. The 

percent ash content (dry basis) was calculated as:  

 

Ash (%) = (Wight of ash/oven dry Wight)x100  

Ash content =    (W3-W1)x100--------------------------------------------- (12) 

                               W2 

               Where W1 =weight of dish  

                          W2 = weight of sample  

                          W3 =weight of residue after igniting 

 

3.1.3.8 Determination of carbon yield 
 

The total carbon yield was determined after sample processing in terms of raw 

material mass by wet oxidation methods and loss ignition. Two grams of sample was 

put on crucible and ignited for 2 h at 9500C, according to (Juan et al., 2004). It was 

calculated by taking the ratio of carbon weight retrieved from the furnace to weight 

of dried carbon sample.  

Yield CH =Wch/Wox100, ------------------------------------------------------------(13)  

Wch=weight of carbon retrieved from the furnace, Wo=dried weight of carbon 

sample.  
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3.1.3.9. Determination of pHPZC 

 

There are few methods used to determine point of zero charge of a solid material 

such as potentiometric titration (PT), salt addition method or immersion techniques 

(SA or IT), mass titration (MT), potentiometric mass titration (PMT), differential 

potentiometric titration (DPT), and zeta potential technique.  

 

The point of zero charge (PZC) was measured by potentiometric mass titrations 

technique following procedure described by (Bourikas et al., 2003). PZC was 

identified as the common intersection point(CIP) of the potentiometric curve of the 

blank solution with the corresponding curves of the impregnating suspensions 

containing 0.5, 1.0, and 1.5 g of the adsorbent in electrolytic solution (50 mL of 

0.1M NaNO3).  

 

The experiment was conducted by the addition of 0.5 g, 1.0g and 1.5 g of activated 

carbon of coffee husk in an electrolytic solution containing 0.1 N NaNO3 in 50 mL 

of distilled water under the condition which evacuated by N2 atmosphere and the 

aqueous suspensions were equilibrated for one hour to reach an equilibrium pH 

value. Then 1M of NaOH added to make the pH of the solution 10 and the initial pH 

was recorded after 15 min. After that the solid suspensions was titrated with 

0.1NHNO3, using 665 Dosimat (Metrohm, Switzerland). The pH with one min 

interval of each suspension was measured using digital pH meter (WTW Inolab 

pH/ION Level 2, Germany) and standardized with buffers. The mean of the triplicate 

experiments were used.  
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3.1.3.10. Preparation of adsorbate solutions. 

From electroplating wastewater having concentrations of zinc, nickel and chromium 

(310, 240 and 450)mg/L respectively, were used to prepare working solutions of 

various concentrations by appropriate dilution . 

 
Figure 2. Adsorption  solution. 
 

3.2. Wastewater characterization  
 

Wastewater sample were characterized for selected physico-chemical water quality 

parameters such as total suspended solid, total dissolved solid, the concentration of 

H+ ion, electrical conductivity, salinity and selected heavy metals (zinc, nickel and 

chromium). Accordingly to five liter volumes of grab samples of effluent 

contaminated with chromium, nickel and zinc were collected from electroplating 

industry HIBRET manufacturing and machine building industry (Addis Ababa) and  

the Experiment was  conducted  at Addis Ababa  University, respectively, following 

procedures as described in Stevens (2012).  The samples were then transported to the 

center for environmental science laboratory, treated with HNO3 to maintain the metal 

ions in solution and preserved at 4oC until analysis.   
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Figure 3 Electroplating industry waste water stream loaded with (chromium, 

nickel and zinc ).  

3.2.1. Cleaning procedures of laboratory equipments 
 

 

All plastic bags, polyethylene bottles, plastic bottles, and glass wares were 

thoroughly washed with detergent, rinsed with distilled water before soaking in 10% 

HNO3 for about 3 hours containers were finally rinsed with deionized water before 

being used for sampling. 

 
 

3.3. Kinetics and equilibrium of the study 
 

To study the kinetics of the adsorption process experiment was conducted by 

preparing 100ml of sample in 250 ml flask and other parameters were kept constant. 

Then it was placed in the shaker and ever 5 minute interval sample was withdrawn in 

order measure residual metals in the solution until equilibrium maintained. 
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3.3.1. Adsorption isotherm 
 

For adsorption isotherm the experiment were carried by using different adsorbent 

doses which are 0.5, 1, 1.5, 2, 2.5, 3 and 3.5 for  all heavy metals  under 

consideration while keeping other parameters such as pH, agitation speed, contact 

time and initial concentration of the metals constant. The data from this experiment 

was feed in to Langmuir, Freundlich, and Temkin adsorption isotherm model for 

analysis (Gulipalli et al., 2011).. 

 

3.3.2. Sorption isotherms 
 

Both Langmuir and Freundlich models was tested for equilibrium description. 

Langmuir equation, based on a theoretical model, assumes monolayer adsorption 

over an energetically homogeneous adsorbent surface. It does not take into 

consideration interactions between adsorbed molecules. It can be represented by the 

equation:  

Qe =QmaxKLCe/1 + KL  

where, Qe corresponds to the amount adsorbed per gram of adsorbent at equilibrium 

(mg/g), Ce was the solute concentration (mg/L) in the aqueous solution after 

equilibrium was  reached, and Qmax and KL are constants related to the maximum 

adsorption capacity (mg/g) and the adsorption energy (L/mg), respectively.  

The product of Qmax and KL represents the constant for henry’s law (Titus et al., 

2003). Freundlich’s equation is an empirical model based on heterogeneous 

adsorption over independent sites and is given by: Qe = KFC 1/n (Evans et al., 

1999). 

 

3.3.3. Experimental design  

Factorial design was used to test the effect of each factor and the relationships 

between the various factors. In factorial experiment, all possible combinations of 



43 
 
 

factor levels were tested. And the effects of individual factors were determined and 

the effect of change of variables at a time for each metal assessed. Independent 

factors (f), pH, Contact time and dose of activated carbon (the adsorbent), factor 

levels (L), for all factors, number of runs: Lf = 43= 64, Replicate: three times = 3×64 

= 192 and Centre points: 3*3 

3.4. Batch Adsorption Studies 
 

Batch mode adsorption studies for individual metal ions were carried out using 250 

ml conical flask and the effects adsorbate concentration, adsorbent dose, agitation 

time and pH were studied. Residual metals that were present in the solution was 

filtered using a what man number 0.45µm filter paper and analyzed using fame 

atomic absorption spectrometer(novAA400P, Germany). Percent adsorption and 

mg/g adsorption capacity of activated carbon of was calculated using equation 14 

and 15, respectively. 

 

Adsorption (%)=((Co–Cf)/Co)×100-----------------------------------------------------(14) 

 

Where Co = the initial concentration (mg/L) and Cf = final concentration (mg/L) of 

the metal ions being studied. The adsorption capacity of the activated carbon was the 

concentration of the metal ion on the adsorbent mass and was calculated based on the 

mass balance principle. 

qe=(Co–Cf)×V/m--------------------------------------------------------------------------(15) 

 

Where qe= adsorption capacity of activated carbon (mg/g) 

V= the volume of reaction mixture (L) 

M= the mass of adsorbent used (g) 

Co=the initial concentration (mg/L) of the metal ions and  

Cf=final concentration (mg/L) of the metal ions 
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3.4.1. Effect of adsorbent dosage 
 

The effect of adsorbent dosage was studied using 0.5, 1, 1.5,2 and 2.5g activated 

carbon using 250 ml conical flask with metal ion concentration of 40 mg/l.  

The adsorption efficiencies for different does were studied by keeping other 

parameters constant. 

 

3.4.2. Effect of agitation speed 

 

The effect of agitation speed was investigated by keeping other parameters constant 

(pH, contact time, initial concentration and adsorbent dose). Agitation speed from 30 

to 200 rpm. Hence, the maximum agitation speeds was found to be 150 rpm. 

 
 

3.4.3. Effect of contact time 
 

For the determination of the rate of metal sorption by the activated carbon from 

coffee husk, 50 ml of standard solutions, the quantity of metal ion adsorbed was 

determined by varying the contact time: 30, 60, 90, 120,150 and 180 min. Other 

parameters were kept constant. Finally to determine the optimum contact time for 

nickel, zinc and chromium adsorption, 40 mg/L solution of each of chromium, zinc 

and nickel was added into 20g/L of activated carbon adsorbent and agitated by 

varying the contact time from 30 to 180 minutes at 30 minutes interval. 
 

3.4.4. The effect pH  

 

To determine the effect of solution acidity on the efficiency of adsorption, pH of the 

solutions were adjusted between 2 to 11 and adsorption experiments were carried out 

by keeping other parameters constant. 

 



45 
 
 

3.4.5. Effect of metal ion concentration 

  

The effect of metal ions concentration were determined using different 

concentrations of the metal ions (10, 20, 30, 40, 50)mg/l and keeping other 

parameters constant. 

  

3.5. Adsorption isotherms 
 

Adsorption isotherms are mathematical models that describe the distribution of the 

adsorbate species among liquid and solid phases, based on a set of assumptions that 

are related to the heterogeneity/homogeneity of the solid surface, the type of 

coverage, and the possibility of interaction between the adsorbate species. In order to 

construct adsorption isotherm for activated carbon, experiment was carried out by 

varying adsorbent dose from 0.5g to 2.5g in50 ml solution of the metal ions with 

initial concentration of 40 mg/L. 

 

3.6. Adsorption kinetics 
 

The kinetics of the adsorption data were analyzed using two kinetic models, pseudo-

first order and pseudo-second order (Macedo et al., 2006). Experiments of 

adsorption kinetics were carried out at initial concentration of 40 mg/L with 

corresponding adsorbent dose of 20g/L and pH 7. The residual concentrations were 

measured at different time intervals. 
 

3.7. Desorption studies 
 

Regeneration of the adsorbent was carried out using 0.1M HCl, 0.5MHCl, 1MHCl 

and dionaized water since at acidic conditions the H+ ions protonate the adsorbent 

surface by replacing the adsorbed metal ions on the adsorbent surface leading to the 

desorption of the positively charged metal ion species and 0.1M NaOH that desorbs 

negatively charged ions by the presence of excessive OH-. The desorbed adsorbate in 
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the solution was finally separated by filtration and analyzed for the corresponding 

metal ion concentration. The recovery percentage was obtained from the following 

relation (Arica et al.,2003). 

 

Desorption efficiency (%)  = (Desorbed / Adsorbed) x 100 

 

Desorbed= the concentration and/or the mass of the metal ion in desorbing solution 

after the Desorption process. Adsorbed = (Co – Ce) where Co and Ce are initial and 

equilibrium concentration of the heavy metal ions respectively. 

 

3.8. Infrared spectroscopic analysis 
 

The fourier transform infrared (FTIR) spectrometer ( Model 65spectrometer,USA) 

was used to identify the functional groups present in the activated carbon in the wave 

number range of 400 – 4000 cm-1. For this purpose 1mg of activated carbon was 

placed on KBr disk and dissolved with 10 drops of paraffin. Then the KBr disk with 

the sample was immediately put into sample holder. 

  

Then FTIR spectra were recorded. Activated carbon was analyzed before and after 

metal adsorption using fourier transform infrared spectrometer to see the functional 

groups that might involve in the sorption of zinc, chromium and nickel metals. 

Samples of 1mg KBr disks containing 1% finely ground powder (<20µm) samples 

were prepared for this study. Samples of the adsorbent were subjected to fourier 

transform infrared spectrometer (FTIR).  

 

3.9. Data analysis 

 

Data analysis was made using SPSS and Origin Lab 8.0 statistical soft ware’s and 

descriptive statics was also used to describe the results obtained from the 

experiment. 
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4. Results and Discussion  
 

From physico-chemical characterization of raw wastewater collected from 

electroplating wastewater  it was found that concentration of chromium, nickel and 

zinc were (450, 240 and 310) mg/L respectively. These selected parameters have 

higher value than the study by Gandhi (2013). Due to high amount of (Chromium, 

zinc and nickel and similarly the presence of high electrical conductivity, salinity 

and low pH makes the wastewater unsuitable for irrigation. The results of other 

parameters were  pH 4.5, electrical conductivity 3017µs, Total dissolved solid 

1041mg/L, Total suspended solid 175.4mg/L and salinity 8.6515mg/L (Table 7). 

Discharge of electroplating wastewater into the nearby river, without treatment, 

cause a serious environmental and health risks 

Table 7. The Characteristics of electroplating wastewater 

Parameters Values 

Chromium 450±0.0032 

Nickel 240±0.0015 

Zinc 310±0.012 

TSS (ppm) 175.4±0.012 

Salinity(PPm) 8.6515±0.00305 

pH(H+) 4.57±0.001 

EC(µs) 3017±0.10 

TDS (ppm) 1041±0.0115 

EPWW:-Electroplating wastewater 

 

The physico-chemical values of the adsorbent are presented in (Table 8). 

Characterization  of activated carbon as shown in table 8 having  a value of pH 3.5, 

electrical conductivity 76.81 µs/cm, bulk density 2.8g/cm3, pore volume 0.82 ml/g, 

moisture content 1.07%, ash content 5.98%, carbon 69%, volatile mater 64% and 

porosity 94.95%. The pH and ash content of the present study was in agreement with 

the malik (2003). The result also showed that carbon, volatile mater, porosity and 
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surface area have higher values (69%.64%, 95% and 2034 m2/g respectively, than 

other studies (Table 8) .The moisture content has lower value than study by Kaelvi 

(2001) and Tamirat Dubale (2014), which enables higher adsorbent capacity of  

activated carbon of coffee husk. Similarly the higher adsorbent surface area of 

adsorbent increase heavy metal binding capacity hence, enables to achieve higher 

removal efficiency. 

Table 8. The physico-chemical results of activated carbon from coffee husk. 

Characteristics 

  

Unit of 

measure

ment 

  

Valu

es 

  

Other studies Reference 

Value 
pH - 3.5 3,8.63,  4, 1.5 

to 9,7.48 
Malik, 2003; Kadirvelu et al., 2001; 
Demirbas et al., 2004and Vsarin et 
al., 2006;Karanakaran et al., 2011. 

Electrical 
conductivity 

µs/cm 76.81 47.8, 28.74 Maigandi, 2010; Kadirvelu et al., 
2001 

Bulk density g/cm3 2.8 0.21,0.837,0.2
3,0.48,0.22,0.4
7 

Marbánetal,2003;Dinesh,2002andMa
raıetal.,2013;Thamilarasu et al., 
2013; Kadirvelu et al., 2001;  Fuertes 
et al., 2003. 

Porevolume ml/g 0.802 0.5665,0.798 Yang Juan and Qiu, 2009; Suhas et 
al., 2013. 

Moisture 
content 

% 1.07 9.56,11.43, 
7.18 

Tamirat Dula et al., 2014; Kadirvelu 
et al 2001; Kobya. et al., 2004 

Ash content % 5.98 6.5,11.05,21.6
6 

Malik, 2004; Kselvi, et al., 2001; 
Tamirat  Dula et al., 2014 

Volatile matter % 64 20,53.17,4.66,
5.26 

Mohanty.,2005;Kadirvelu 
etal.,2001;TamiratDula et 
al.,2014;Sivakumar et al.,  2011. 

Carbon  % 69 34.06  Pattabh et al., 2013. 
Particle size µm 250-

500 
250-
500,1.34nm,0.
63 to 1.60 
mm,150 

Thamaraiselvi et al.,2001,Kunitaro et 
al., 2006; Demirbas et al., 2004; 
Tamirat Dula et al., 2014 

Porosity % 94.96 52 to 
83,75,59.10 

Grażyna et al., 2007;Kadirvelu et al., 
2001. 

Particledensity g/cm3 0.555 0.41 Mbajaj et al., 2004. 

Nitrogen % 8.26 6.8 Andrey et al.,  2004. 
Protein % 51.6 12-16 Omoniyi,  2009. 
C/N ratio   8.35 10-20 Cheung et al.,  2012 
Surface area  m2/g 2034 1260,592,1674

,560 
Mousam et al, 2005;Kadirvelu et al 
2001; Kalavathy et al., 2005.  

 

http://www.sciencedirect.com/science/article/pii/S0960852406004056
http://www.sciencedirect.com/science/article/pii/S0960852406004056
https://scholar.google.com/citations?user=QOFTgxAAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=QOFTgxAAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=QOFTgxAAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=27Ulu_IAAAAJ&hl=en&oi=sra
http://www.sciencedirect.com/science/article/pii/S0009250905000692
http://www.sciencedirect.com/science/article/pii/S0009250905000692


49 
 
 

As can be seen from Fig 4, the matrix carbon has the expected porous structure. An 

irregular repartition of particles on the surface of carbon is observed. These particles 

were attributed to the formation of an inorganic layer on the carbon during the coffee 

husk carbonization. Shown in Fig 4 the surface structure of activated carbon 

(adsorbent) before and after the adsorption of zinc, nickel and chromium ions. It can 

be observed that the surface of activated carbon has more fiber and active sites. It 

can be seen from the micrographs (Fig4a) that the external surface of activated 

carbon was full of cavities and the pores were of different sizes and different shapes, 

it seems that the cavities indicating good possibility for metal to be adsorbed. After 

adsorption the pores are covered with metals ions, which prove the adsorption ability 

of the adsorbents. 

 

4.1. Scanning electron microscope (SEM) and Energy dispersive Spectroscopy 

(EDS) analysis 

The adsorption efficiency of activated carbon was confirmed by EDS analysis 

results. The EDS spectra of activated carbon are shown as Fig 4b. This micrograph 

reveals that the appearance of chromium, zinc and nickel ion on the surface of 

activated carbon EDS spectra of Fig 4b showed the presence of O, C, Ca, K, Si ,S, 

Mg, Al, P and Cu  in the activated carbon. These have been known as the principle 

elements of the adsorbents. These are summarized in Fig 4a and4b. Scanning 

electron micrographs of activated carbon adsorbents before and after adsorption as 

shown in Fig 4(a-b) it  is evident  that  active  sites  of  adsorbents  are covered due 

to the adsorption of chromium, nickel and zinc on it 

 

A B C 
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    Fig.4a                                                                                                           Fig 4b. EDS result of AC  

Figure 4 SEM images and energy dispersive spectroscopy (EDS), showing 

surface morphologies of the activated carbon. 
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4.2. PZC determination 
 

The pH of point of zero charge (pHPZC) of activated carbon was found to be 5.07 Fig 

5. In the study conducted by (Serrjalekshmi et al, 2009) for activated carbon of saw 

dust where its point of zero charge was at pH 5.3. The value of point zero charge 

implied to a point where number of positive (protonated) sites is equal to the number 

of negative (deprotonated) sites (or the net charge is 0) (Michael et al., 2009). 

Therefore, the present study revealed that the surface of an adsorbent acquired 

positive charge below a pH of 5.07 and negative charge above a pH of 5.07 in which 

negatively charged ions are attracted and/or bind by the adsorbent   below pH of 

5.07, repelled above this pH since adsorbents’ surface become negatively charged 

where it can attract and bind positively charged ions in the solution. 

 
Figure 5. The result of the study of point zero charge (pHPZC) of activated 

carbon.  
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4.3.FTIR  analysis 
 

The result of FTIR study of an adsorbent before and after loaded with metal is 

presented in Fig 6. As it can be seen from the figure there are different peaks and 

there was a change after the adsorbent loaded with metals. In the figure the broad 

absorption peak between 3200 - 3500cm-1 was indicative of alcohols and H-bonded 

phenols (O-H stretching). The dominant adsorption peak between 2850-3000cm-

1indicates the presence of alkanes and aldehydes (C-H stretching). The strong 

absorption peak between 1627-1750cm-1 was assigned to carbonyls (C=O 

stretching).The medium adsorption peak between 1640-1680cm-1 indicates –C=C– 

stretch alkenes. The adsorption peak between 1400-1500cm-1 was assigned to C–C 

stretching of aromatics (Figueiró et al., 2004). 
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Figure 6. FTIR Spectrum of activated carbon 
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Table 9.Frequencies and respective functional groups present on the surface of 

activated carbon. 

Frequencies(Cm-1)   Bond Functional group 

3500-3200 O-H stretch, H-bonded Alcohols, phenol 

3000-2850 C-H Stretch Alkanes and Aldehydes 

1760-1665 All C=O Stretch   Carbonyls 

1680-1640 –C=C– stretch Alkenes 

1617 C=C  and C-O stretching Aromatics 

1500-1400 C–C stretch Aromatics 

1583 C=N stretching Secondary amine 

1385-1035 C–O in C–OHbondsstretching Glycosidic 

1424-1317 C-0-Hstretching Attributedcarboxylicgroup 

1256-1031 SO3
-stretching Sulfide  

1161 N-O stretching  Amine  

1000-1300 C-O stretching Anhydride 

 

 Fig 6 shows the spectrum of activated carbon displayed a number of sorption peaks, 

indicating the complex nature of the material investigated. 

 

The FTIR Spectroscopic analysis indicated broad bands at 3438cm−1and 3404 cm−1 

representing bonded –OH groups rather than -NH group. This is because of the peak of 

O-H stretching is broad with rounded tip but the peak for bonded-NH group is a broad 

peak with two sharp spikes (primary amines), a broad peak with one sharp spike 

(secondary amines) or no signal (tertiary amine). The bands observed at about 2955–

2852 cm−1 shows the presence of C–H stretching which are related to the asymmetric 

stretching of C–H bonds of methyl (−CH3) group in the caffeine molecule and can be 

successfully used to develop predictive models for quantitative analysis of caffeine 

(Paradkar and Irudayaraj, 2002). But, it is no aldehydic C-H because the aldehydic C-H 
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stretching vibration occurs in the region of 2830-2700cm-1 with the appearance of two 

intense bands.  

 

The peaks around 1722 cm−1 correspond to the C=O group and at 1652–1617 cm−1 C=C. 

The C–O band absorption peak was also observed at 1035 cm−1. These types of 

functional groups are important sorption sites to participate in metal binding (Ahalya et 

al., 2006).The broad band between 1,135 and 952 cm−1 results from the stretching 

vibration of C–O in C–O–H bonds such as glycosidic bonds and are related to 

galactomannans poly-saccharide’ sugars (Figueiró et al., 2004). 

 

4.4. Factors Affecting the Adsorption process 
 

4.4.1. Effect of adsorbent dosage 
 

As shown in Fig 7, it was possible to observed that adsorbent dose have significant 

effect in the adsorption of the heavy metals under consideration. The effect manifest 

itself through an increase in percent adsorption with an increasing in adsorbent dose 

however, further increase in adsorbent dose lead to steady state and followed by 

decrease beyond adsorbent dose of 40g/L. This can be explained by the presence of 

more active site 10-20 g/L then between 20-40 saturation of the adsorbent binding site 

and when the adsorbent dose increased beyond 40 g\L masking effect of the adsorbent 

binding site reduce adsorption efficiency (Elsay Mekonnen et al., 2015). It was found 

that at 20g/L of adsorbent dose percent adsorption efficiency were increased from 86.02 

to 98.4%, 65.98 to 95.32% and 92.08 to 98.6% for nickel, zinc and chromium 

respectively.  
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Figure 7. Effect of adsorbent dosage on the percent adsorption of zinc, nickel and 

chromium. (under the experimental condition of initial concentration = 40 mg/L, 

contact time = 120min, solution pH = 7, agitation speed = 150 rpm).   

As shown above Fig the effect of adsorbent concentration on nickel, zinc and chromium 

at 20g/L of adsorbent dose removal efficiencies were 98.6, 95.32 and 98.4%, 

respectively. It was revealed that as adsorbent concentration increased the removal 

efficiency increased (Shukla, 2003). However the finding from the study showed that 

adsorption capacity in mg/g decreased with increasing in an adsorbent dose since 

adsorption capacity is expressed as the mass of metal ion adsorbed per unit mass of the 

adsorbent( its value decreases when the mass of the metal ion adsorbed gets smaller for 

the same increase in the mass of the adsorbent). It is one of the reasons for the observed 

decrease in adsorption capacity with an increase in adsorbent dose( Makeswari and 

Santhi,2014 ) 

 

As shown in Fig 8, the effect of adsorbent concentration on nickel, zinc and chromium 

adsorption capacity at adsorbent concentration of 10 g/L were adsorption capacity found 

to be 3.4408mg/g, 2.6392 mg/g and 3.684mg/g, respectively. But at greater than 10g/L 

adsorbent concentration, adsorption capacity got lowered and hence, the removal 

efficiencies of metal ions at optimal adsorbent concentration were selected 20 

g/L(Ozbay et al., 2013). 
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The effect of adsorbent dose on the adsorption capacity of activated carbon for the 

removal of chromium, nickel and zinc in  mg/g of from electroplating wastewater which 

had an initial concentrations of 40mg/L was analyzed using adsorbent dosages of  

(10,20,30,40 and 50) g/L at constant contact time = 120min, solution of pH = 7, 

agitation speed = 150 rpm).  As the adsorbent dose increased, there adsorption capacity 

decreased (Abdelwahab et al., 2013). 

 

 
Figure 8. The effect of adsorbent dose in the adsorption efficiency in mg/g of 

chromium, nickel and zinc. 

 

4.4.2.The effect of removal efficiencies and adsorption capacity of 
metals. 

 

The effect of adsorbent dose on nickel, chromium and zinc adsorption capacity and 

removal efficiency is shown in Fig 9. Nickel, chromium and zinc removal markedly 

increased up to adsorbent dose of 20 g/L due to increase in adsorbent. However, further 

increase in adsorbent does not show any appreciable improvement in nickel, chromium 

and zinc removal (Khosravi et al., 2005). This might be  because  of  the  very  low 

equilibrium concentration of nickel, chromium and zinc and this make the driving force  

responsible for  adsorption negligible (Arshadi et al., 2014). 
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The adsorption of metal ions rapidly increases in time up to the first thirty minutes and 

reached maximum at 120 minutes (Kyzas, 2012).  After 120minutes contact time there 

was slower visible change of residual of nickel, chromium and zinc concentration which 

attained its equilibrium. The fast adsorption capacity obtained at the initial stage may 

due to an increased availability in the number of active binding sites on the adsorbent 

surface. The slow and insignificant adsorption observed as time progresses is due to the 

fact that every adsorbent has a limited number of active sites which becomes occupied 

with time (Ramzan et al., 2010). Generally, in order to select the optimum dose of the 

adsorbent material, both the efficiency and capacity of the adsorbent should be 

considered (Zhang et al., 2012).  Thus, at adsorbent dose of 20g/L and contact time of 

120min for zinc and chromium and 90min for nickel, The removal efficiency of nickel, 

chromium and zinc were 98.4, 98.6 and 95.32%, respectively. 
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Figure 9. Effect of adsorbent dose and  adsorption capacity. 

 

4.4.3. Effect of agitation speed  

 
As it is shown in Fig 10 for an increase in agitation speed 30-200 rpm adsorption 

efficiency was increased from 80.82 to 92.475%, 75.75 to 90.46% and 71.4to86.83% for 

nick, zinc and chromium, respectively. With an increase in agitation speed the same 

increasing trend was observed in Fig 11 for adsorption capacity in mg/g of these metals. 

According to Nomanbhay and Palanismay (2005) similar result was observed and the 

phenomena is explained by an increase in agitation speed improves the diffusion of 

metal ions towards the adsorbent surface and it support the result of this work in which 

adsorption increase from 30-150rpm. However, adsorption efficiency decreased when 

the shaking speed increased above 150 rpm for all metals under study according to 

Saifuddin et al., (2005). It could be due to desorption of metal ions from the adsorbent 

surface because of too much shaking speed. 
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Figure 10. Effect of agitation speed 

 

The adsorption rate is controlled by film and pore diffusion, depending on stirring 

speed. Low stirring speed results in thicker film layer of the solvent surrounding 

adsorbent and leads to that this film layer becomes rate controlling step (Zeng et al., 

2012). When the stirring speed is high, the thickness of the solvent film layer gets 

thinner. Therefore, the movement of the metal ions through the film layer takes place 

very fast and the diffusion through the pores becomes the rate controlling step. Since the 

rate controlling step is the slowest one, in the present work the adsorption rate is 

controlled by diffusion through pores in line with (Mukesh and Lokendra, 2013). 

  

Effect of agitation speed on nickel, zinc and chromium capacity in mg/g (pH = 7, dose = 

20g/L, time = 120min, Co = 40 mg/l) the maximum capacity for metals at 150rpm. The 

adsorption capacity increased from 1.6146 to 1.8495 mg/g, 1.5144 to1.8092 mg/g and 

1.428to 1.7315 mg/g, respectively. 
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Figure 11. Adsorption capacity of chromium, nickel and zinc in mg/g on agitation 

speed. 

4.4.4. Effect of contact time 

 
The contact time is one of the most important parameters for the assessment of practical 

application of sorption process (Isene et al., 2007). Fig 12 showed that initial adsorption 

efficiency for zinc, chromium and nickel were rapid and 94.96%, 96.46% and 98.46%, 

respectively adsorption efficiency was observed. However, the second stage represented 

a slower progressive adsorption. The rapid initial adsorption may be attributed to the 

accumulation of metals on to the surface of adsorbent due to the large number of free 

binding site (Makeswari et al.,2014).The process in the second stage became slower 

with the progressive occupation of these sites (Qaiser et al., 2009).  
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Figure 12. Effect of contact time removal efficiency of chromium, zinc and nickel at 

various contact time (and other parameters constant pH 7, Co = 40 mg/L, dose = 

20g/L, agitation speed = 150 rpm).  

The removal efficiency with increased time and then started to decline with prolonged 

contact time and turned sharply at the optimum contact time of 120 minutes for 

chromium, zinc and for nickel 90min. At these points, the amounts of the respective 

adsorbed metal ions on the sorbent were in a state of dynamic equilibrium with the 

amount of metal ions desorbed from sorbent and then the increment became stable. As 

shown in Fig13, the effect of adsorbent concentration of 20 g/L and contact time for 

nickel 90min and 120min zinc and chromium, the capacity were 1.9692mg/g, 1.8992 

mg/g and1.92mg/g respectively. Hence, the optimal adsorbent concentration was 

selected to be 20g/L (Halil et al., 2002). 

 
Figure 13 The adsorption capacity of chromium, zinc and nickel in mg/g 

chromium, zinc and nickel capacity in mg/g at various contact time and pH,7(Co = 

40 mg/L, dose=20g/L, agitation speed=150 rpm)  
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4.4.5. Effect of pH 

 
The pH of the aqueous medium not only affects the solubility of the metal ions but also 

the ionic form in which it was presented in the solution and the type and ionic state of 

the functional groups at the sorbent surface (Lodeiro et al.,2005). The effect of pH on 

the extent of adsorption of the metals on to the activated carbon was studied by varying 

pH in the range between 2 to 11, metal concentration 40 mg/l, at an agitation speed of 

150 rpm for nickel, zinc and chromium. The contact time for zinc, chromium and nickel 

were set at 120 min and 90min, respectively.   

In this study removal efficiency of nickel, zinc and chromium increased from 92.22% to 

99.94%, 41 to 89.6% and 82.675 to 97.67% respectively, for as pH increased from 2 to 

7. As  it is illustrated in Fig 14, removal efficiency for these metals were very low at the 

pH less than 2 as it also shown by (Krishna et al., 2014). Considerable increase was 

observed at pH 3 for zinc and for all metals under consideration highest removal 

efficiency was observed at pH of 7 increasing the pH further than pH 7it  results in the 

substantial decline in adsorption efficiency (Adhoum et al., 2004; Vasuderan et al., 

2009) 

 
Figure 14. Effect of pH(at 150rpm). 

Effect of pH on zinc, chromium and nickel removal efficiency (%)  (Co = 40 mg/L, dose 

= 20g/L, time =120min for zinc, chromium and nickel 90min, agitation speed = 150rpm. 
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As shown in the Fig 15, similar with percent removal efficiency adsorption capacity in 

mg/g of   nickel, zinc and chromium adsorption capacity increase between pH ranges 

from 2 to 7and then starts to decreases with an increased in pH from 7 to 11. The 

adsorption capacity of nickel, zinc and chromium increased from 1.844 to 1.99mg/g, 

0.82 to 1.792 mg/g and 1.712 to 01.95mg/g respectively as pH increased from 2 to 7.  

Highest mg/g adsorption also occurred at pH of 7. This in line with Bhattachary and 

Venkobachar (1984). 

 

 
Figure 15 Adsorption capacity of nickel, zinc and chromium in mg/g(at150rpm). 

 

As it is shown in Fig.14, the optimum pH of solution for maximum adsorption 

chromium, zinc and nickel were observed at pH of 7 and with an increase in pH, a 

drastic decrease in adsorption percentage was observed. It might be due to the 

weakening of electrostatic force of attraction between the oppositely charged adsorbate 

(chromium) and adsorbent that ultimately leads to the reduction in sorption capacity 

(Baral et al., 2006). Chromium, nickel and zinc were removal efficiencies decreased 

from 97.67% at pH 7 to 54.5% at pH 9, 99.94% at pH7 to 85.6% at pH 9 and 89.6% at 

pH 7 to 74.8% at pH 9, respectively. Similar results were reported by (Monda et 

al.,2014; Dakiky et al., 2002 ; Selvaraj et al., 2003 and Gupta et al.,2001. which were 

(92%) to (89%), (91to 82)%, (69 to 52)% and 96.2to83.6)% respectively, on C.vulgaries 
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almond shells, distillery sludge and bagasse fly ash, respectively. The adsorption of 

hexavalent  Chromium.  

 

Study for the treatment of Cyanide bearing Wastewater using Bioadsorbent Prunus 

amygdalus (Almond shell): chromium varies as a function of pH with H2CrO4, HCrO4
-, 

Cr2O7
2- and CrO4

2- ions which appear as its dominant species (Gaballah and Kilbertus, 

1998). Chromium exhibits different types of pH dependent equilibria in aqueous 

solutions (Rollinson., 1973). 

     H2CrO4  HCrO4
-   +    H+ -- ----------------------------------------------(16) 

HCrO4 
-    CrO4

2-     +    H+  -----------------------------------------------------------------------(17) 

Cr2O7
2- + H2O  2HCrO4  -------------------------------------------------------------------------- (18) 

In highly acidic media, the adsorbent surfaces are highly protonated and favour the 

adsorption of chromium in the anionic form HCrO4
-.  The removal of chromium by 

carbonaceous materials such as saw dust, sugar beet, sugar beet pulp, sugarcane bagasse 

and maize cob at an optimum pH 2.0 has been reported by Sharma and Forster (1994). 

 

In acidic solutions, the equilibrium is as follows: 

H2Cr2O7 2H+ +        Cr2O7
2-   ---------------------------------------------------------------------------(19) 

H2CrO4    H+          +         HCr2O7
----------------------------------------------- --------------------(20) 

The equilibrium in alkaline pH is given as: 

Cr2O7
- + OH- CrO4-   +      CrO4

2    ---------------------------------------------------------- ---------(21) 

HCrO4- + HO- CrO4
2-   +      H2O --------------- -------------------------------(22) 

 

The only species that can exist in solution, above pH 8.0 is CrO4
2-. As the pH is shifted, 

the equilibrium will also shift.  In the pH range 2-7, HCrO4
-, and Cr2O7

2-, ions are in 

equilibrium. At still lower pH (pH <2.0) values, Cr3O10
- and Cr4O13

2-species are formed. 

Thus the formation of more polymerized chromium oxide species occurs with the 

decrease in solution pH.  
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Fig 14 showed that metal ions adsorption increases with an increase in pH in the range 

between pH 2 and 7, whereas it decreases with further increase above pH7. The 

maximum adsorption of nickel, chromium and zinc were obtained at pH 7 in which 

99.94%, 97.67% and 89.6% respectively. Similar results were obtained by (Shifare 

Berhe et al, 2015) (99.9%) using coffee husk. At low pH (below 3), there was excessive 

protonation of the active sites at activated carbon  surface which prohibited the 

formation of links between metals ions and the active site. At moderate pH values (5 to 

7), linked H+ was released from the active sites and it resulted in an increase in the 

amount of metal ions adsorbed. At higher pH values (above 7), the precipitation was 

dominant or both ion exchange and aqueous metal hydroxide formation could become 

significant processes. 

 

4.4.6. Effect of initial concentration of metal ion 
 

Results of the study on the influence of initial concentration metals on percent removal 

efficiency of activated carbon are depicted in Fig 16. As it was shown in the figure 

removal efficiency decreased from 99.84% to 96.3% when an adsorbent dose increased 

from 40 mg/L to 50 mg/L for nickel; from 96.24% to 85.92% when an adsorbent dose 

increased from 40 mg/L to 50 mg/L for zinc and Similarly 99.65% to 86.48% when an 

adsorbent dose increased from 40 mg/L to 50 mg/L for chromium. 

As shown in Fig (16) chromium, zinc and nickel removal efficiency decreased with an 

increase in initial concentrations. In case of low metal ions concentrations, the ratio of 

the initial number of moles of these ions to the available surface area of adsorbent are 

large and subsequently the fractional adsorption becomes independent of initial 

concentration. However, at higher concentrations, the available sites of adsorption 

become fewer, and hence the percentage removal efficiency of metals ions which 

depends upon the initial concentration (Nidá and Aklem ,2014). 
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Figure 16. The effect of initial concentration of nickel, zinc and chromium on 

adsorption efficiency of adsorbent (under experimental condition; pH = 7, dose 

=20g/L, time = 120 min for Chromium, zinc But for nickel 90 min, agitation speed 

= 150 rpm),  

 

Adsorption capacity  of  dissolved  chromium, nickel and zinc in  mg/g of activated 

carbon  powder from electroplating wastewater with dissolved chromium, nickel and 

zinc concentration  of 10mg/L, 20mg/L, 30mg/L, 40mg/Land 50mg/L  of  the  

wastewater .As shown in fig 17 the effect of initial concentration on chromium zinc and 

nickel adsorption capacity found to be in mg/g for Cr, Zn and Ni 1.9925,1.9624and 

1.9968 respectively at (pH = 7,dose = 20g/L, time = 120 min for zinc and chromium for 

nickel 90min agitation speed = 150 rpm). 

 

At lower concentrations, the number of moles of each of the three metal ions is small 

relative to the available adsorption sites on the adsorbent. Subsequently adsorption 

becomes independent of initial concentration and as a result adsorption was found to be 

increase. However, at higher concentrations, most of the adsorption sites will be 

occupied by ions and the available sites of adsorption become fewer, hence the 

adsorption capacity of metal ions which depends up on the initial concentration 

decreases (Salem et al., 2014). 
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Figure 17 The effect of initial concentration on chromium zinc and nickel 

adsorption capacity in mg/g at (pH = 7,dose = 20g/L, time = 120 min for zinc and 

chromium for nickel 90min agitation speed = 150 rpm). 

 

4.5. Adsorption Isotherm zinc, nickel and chromium 
 

4.5.1. Adsorption isotherm of zinc 
 

In this study evaluation of equilibrium of the adsorption process were carried out by 

introducing the experimental results into Langmuir and Freundlich isotherm models. As 

it was presented in Figure  18 it was found that; 

 

Intercept Y   (1/qm)  =  0.0506, qm=  19.763 

Slope (1/bqm )= 1.134,bqm =  0.8818 qe = 0.8818Ce/ (1+0.04462Ce)  ,b=0.04462 

From the Langmiur’s equation, the maximum adsorption capacity (qm) by activated 

carbon was 19.763mg/g which showed better performance as compared to the resut that 

were obtained by Mohammed, 2014; Mandal et al., 2013; Gupta,et al.,2003 and 

Madhara et al., 2009 for commercial activated carbon, rice husk ash, Baggage fly ash and 

Phaseolus oureus hulles of activated carbon in which the maximum removal efficiency 

was 13.04, 14.3 and 13.21 respectively. This value indicates that the maximum 

adsorption potential of one gram of the adsorbent. The value of RL from this study was 
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0.3591. Which indicates that the adsorption process were favorable. This means that 

activated carbon is a favorable adsorbent for the removal of zinc. 

 
 

 

 

 

 

 

 

 

 

Figure 18 Langmuir adsorption isotherm model for zinc 

On the other hand, the study of zinc adsorption isotherm using Freundlich adsorption isotherm 

model were presented in fig 19 in which Slope (1/n), n, logKf , Intercept, and Constant  Kf  were 

0.593, 1, 0.686, -0.239 , 0.57676. form these results Freundlich equation is presented as 

 

Freundlich’s equation qe =  KfCe1/n =  0.57676Ce0.593 

 

Another constant that was considered here was the value of 1/n. This value shows the 

concentration of solute adsorption. If the value of 1/n is close to 1, it shows that just a little 

concentration change can relatively affect the adsorption. Besides, n value can indicate the 

capacity of adsorption and the adsorbent dose. If n is more than 1 (n>1), it means the adsorbent 

can effectively adsorb the solute. From freundlich equation the values of 1/n and n were obtained 

as 0.593 and 1.686, respectively Since the values of 1/n lies between 0 and 1 and n>1, it indicates 

that the activated carbon can adsorb zinc effectively. 

The correlation coefficients (R2) of   activated   in Freundlich’s equation exhibits higher value than   

Langmuir’s (i.e. 0.944 and 0.965, respectively). However, in the broader perspective, both values 

appeared relatively higher than 0.965. Therefore, zinc adsorption on was fitted with both adsorption 

isotherms i.e. each site of a activated  can accommodate one molecule of zinc ion or it is characterized 
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by supporting surfaces of different affinity (homogeneity of surfaces of activated carbon).  

 

 

Figure 19 Freundlich adsorption isotherm for zinc  

4.5.2. Nickel adsorption isotherms 

Street line fit for Langumier adsorption isotherm model was presented in the fig 20. As 

it can be observed from the figure the results which were found were 

Intercept Y(1/qm)= 0.105,qm = 9.524, Slope (1/bqm) =  4.643, bqm =   0.2154, 

Langmiur’s equation, qe  =  0.2154Ce/ (1+0.02262Ce)  

From the above results the maximum adsorption capacity of activated carbon was 9.52 

mg/g which showed better performance as compared to the results that were obtained by  

Meena, 2015; Barakat, 2011; Abollino, 2003 and Shukla and  Pai., 2005 for carbon 

aerogel, modified zeolite, namontmorillonite and palm kernel fibre in which the 

maximum removal efficiency was 3.8, 8, 6.32and 7.2, respectively, The value of RL 

obtained is 1/1.9048 = 0.525. The shape of isotherm by Langmuir’s equation was 

therefore, favorable isotherm. This means that at equilibrium high concentration of 

nickel was adsorbed on activated carbon of activated carbon surface compared to its 

amount remained in aqueous solution. 
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Figure 20 Langmuir adsorption isotherm of Ni(II) 
 
 
According to Fig 21:-Slope 1/n = 1.080, Intercept Y (logk) logKf  =  - 0.637, Constant 

Kf  =     0.231,Freundlich’s equation  qe  = KfCe1/n   =  0.231Ce 1.080 

 

The values of1/n and n obtained from Freundlich’s equation were1.08 and 

0.93respectively. It means that the surface of activated carbon from coffee husk 

becomes less heterogeneity which nickel to less adsorption intensity for Freundlich’s. 

The nickel adsorption on activated carbon fitted with both models Langmuir’s and 

Freundlich’s but Langmuir was fitted well than Freundlich’s since the correlation 

coefficients (R2) are 0.987 and 0.544 respectively. 

 

 

Figure 21. Freundlich adsorption isotherm for nickel 
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According to Fig22:- Intercept Y (1/qm)  = 0.0326,  qm=30.675 mg/g,Slope (1/bqm)= 

0.964, bqm =1.03734,  Langmiur’s equation, qe = 1.0373Ce/ (1+0.964Ce)  

 

The maximum adsorption capacity (qm) of the activated carbon  calculated from the 

intercept was 30.675mg/g which showed better performance as compared to the result 

that were obtained by Thamilarasu and Karunakaran, 2013; Hamad et al., 2011; Ghosh, 

2009; Owlad et al., 2010 ; Dakiky et al.,2002 and Fadaei et al., 2014. for Ricinus 

communis seed shell active carbon, Palm shell activated carbon, acid-modified waste 

activated carbon, PEI/palm shell activated carbon and almond shells  in which the 

maximum removal efficiency was 7.761, 12.6,10.93,20.5, 10.6 and 7.19 respectively, 

The value of RL obtained is 1/1.3524 = 0.7394.. This means that high amount of 

chromium was adsorbed on the surface of activated carbon compared to its 

concentration left in the liquid solution.  

 
Figure 22 Langmuir adsorption isotherm of chromium 

As can be seen from Fig 23 Freundlich isotherm regression coefficient was 0.987 this 

value greater than the correlation coefficient (R2) which was obtained from Langumier 

isotherm model (0.983). As the result, the Freundlich model represents the experimental 

data better for Cr than Langmuir model. This indicates that chromium adsorption on 

activated carbon  was heterogenic adsorption with a finite number of identical sites 

which are homogenously distributed over the activated carbon  surfaces as it was 

described in (Lee et al., 1995). 
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Form Fig 23 the following constant were obtained the results of 1/n, n and kf using its 

slop and the value of the constant:-Slop 1/n  =  0.796, n = 1.2563, Intercept Y (logk)  

=logKf =  - 0.132, Constant Kf  =  0.7379, 

 

Freundlich’s equation   qe   =  KfCe1/n   =  0.7379Ce 0.796 

 
Figure 23. Freundlich adsorption isotherm for chromium. 

 

Several models had been used in literatures to describe the experimental data of 

adsorption isotherms. The Langmuir (Langmuir, 1918) Freundlich and (Freundlich, 

1926 ) models are the most frequently employed models, these two models were used in 

the present work. Equilibrium data obtained were fitted to the Langmuir and Freundlich 

isotherms. Langmuir isotherm is based on the monolayer adsorption of nickel ions on 

the surface of absorbent sites (Kobya, 2004). Freundlich isotherm describes the 

heterogeneous surface energies by multilayer adsorption sites. The above expressions of 

straight line were found by means of mathematical transformation of isotherms equation 

(Amiri et al., 2014). The estimated model parameters with correlation coefficient (R2) 

for the two models are shown in fig. 18 to fig 23 it was observed that results fitted better 

in the Langmuir model in terms of R2 value, recording 0.987 for Ni (II) and Freundlich 

model recording 0.987 for Chromium, 0.965 for zinc. 
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Table 10 Langmuir and Freundlich constants for the adsorption of nickel, 

chromium, zinc 

Metal 

ion 

Langmuir Freundlich 

qmax   B R2 RL Kf 1/ n            R2 

Ni 9.524 0.02262 0.987 0.523 0.231 1.080 0.544 

Cr 30.675 0.03381 0.983 0.7394 0.7379 0.796 0.987 

Zn 19.763 0.04462 0.944 0.3591 0.57676 0.593 0.965 

qmax = maximum adsorption capacity (mg/g), b = constant related to binding energy, R2= 

correlation coefficient, RL = separation factor, Kf = Freundlich adsorption capacity, n = 

Freundlich constant related to intensity of adsorption. 

 

4.6.    Adsorption Kinetics 
 

The plots in Fig 28-33 show that the adsorption of nickel, zinc and chromium with 

different contact time consists of two phases; rapid initial phase where adsorption was 

fast and a slower second phase where adsorption equilibrium was achieved. In this study 

pseudo-first order and pseudo-second order kinetic models were applied to evaluate the 

adsorption kinetics of the process. 

The pseudo- first order kinetics is applicable if the plot of log (qe - qt) against t shows 

linear relationship. A straight line plot of log(qe-qt) versus t was used to determine the 

rate constant, k1 and correlation coefficient, for nickel, chromium and zinc R2 

(0.985,0.221 and 0.547) as shown in Fig 24, 26, and 28 respectively.  

 

The values of  k1(L/min-1) and qe (cal)(mg/g) of  zinc, nickel  and chromium  predicted 

from those plot are K1 (-6.1515, 0, -30148) and q cal (34.594, 5.521, 37.4973) 

respectively.  As the result show the pseudo-first order rate equation adequately describe 

the adsorption result for the three metal ions considered since the predicted adsorption 

capacity was found to be closer to the experimental value (Annex 15). According to 

(Sag and Akay, 2002) if the experimental results of qe do not approach with the 
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theoretical value of qe (q calculated), they differ in two important aspect: (i) k1(qe-qt) 

does not represent the number of available adsorption sites and (ii) log qe is not equal to 

the intercept of the plot of log (qe-qt) against t.  

 

The pseudo-second order rate constant (k2), h and the equilibrium adsorption capacity 

(qe) can be determined experimentally from the slope and intercept of the plot t/qt versus 

t. The plot t/qt versus t should give a straight line if pseudo-second order kinetics is 

applicable. The plot of the linearized form of the pseudo second order reaction of 

chromium, nickel and zinc on adsorbent surface is shown in figures 25, 27 and 29 

respectively.  

 

The plot of t/qt versus t for pseudo second order rate equation yields a good straight line 

for Ni (R2> 0.999), for Cr (R2> 0.999) and for Zn (R2 =1) as compared to the plot of 

pseudo first order. The pseudo second order rate constant for zinc, nickel and chromium 

were 1.8518gmg-1min-1, -8.9805gmg-1min-1, -1.3586gmg-1 min-1 respectively. Initial 

adsorption rate constant for zinc, nickel and chromium were -2mg g-1 min-1, -9.9198 mg 

g-1 min-1, 1.852 mg g-1 min-1 respectively. The negative constant values indicate the 

thermodynamically feasible and spontaneous nature of the adsorption (Hassan et al., 

2012).  

 

Then, the theoretical values of qe (1.051 mg g-1, 1.213mg g-1, 0.993 mg g-1) predicted 

from pseudo-second order plot also agrees well with the experimental one (35.58 mg g-1, 

6.52875 mg g-1, 38.2419mg g-1) (Annex 16). This suggests that the adsorption of nickel, 

zinc and chromium by activated carbon follows pseudo-second order model, which 

relies on the assumption that chemisorptions is rate limiting step. According to Senthil 

(2013) this indicate that there was complex formation between the adsorbent binding 

site and metals that were adsorbed. 
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Figure 24 Pseudo first order plot for Ni  

   
Figure 25 Pseudo second order plot for Ni 

 
Figure 26 Pseudo first order plot for Cr at fixed solution pH and adsorbent dosage 
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Figure 27 Pseudo second order plot for chromium adsorption at fixed solution pH 

and adsorbent Dosage 

 
Figure 28 Pseudo first order plot for zinc at fixed   solution pH and adsorbent 

dosage 

 
Figure 29 Pseudo second order plot for Zn adsorption at fixed solution pH and 

adsorbent dosage 
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4.7. Mechanism of adsorption 

 
(i) Chromate adsorption: When chromate ions are introduced into the system containing 

the adsorbent with different functional groups, they may be adsorbed into the positively 

charged surface (Sharma and Forster,1994).The adsorption  mechanism of chromium 

depends on the pH of the solution. As the pH of the aqueous phase is lowered, a large 

number of hydrogen ions can easily coordinate with different functional groups such as 

carbonyl groups, present on the adsorbent surface. Thus, a low pH makes the adsorbent 

surface more positive. The more positive the surface charge of the adsorbent, the faster 

the rate of chromium removal from the aqueous phase, since the binding of anionic 

chromium ion species with the positively-charged groups is enhanced.( Taloka ,2011). 

 

CxOH+ +   HCrO4
-  Cx [HCrO4] ++ OH- ----------------------- --------------------------------- (23  

(ii) Adsorption of zinc and nickel: Adsorption of metal cat ion on the adsorbent depends 

upon the nature of the adsorbent surface and species distribution of the cat ion. Species 

distribution mainly depends on the pH of the system. The metal species that exist in 

solution are the free metal ions and their hydroxides. The percent removal of metal ion 

decreased as the pH of the solution was lowered, because protons compete with the 

metal ions for ion adsorption sites on the adsorbent surface as well as the concomitant 

decrease of negative charge on the same surface. This is true for the adsorption of zinc 

and nickel. The possible mechanism is 

 

CxO (functional group) + M2+(metal ion) CxOM2+  
------------------------------------(24) 

 

As shown from FTIR Spectra ( Figure 6)  the obtained functional groups of activated  

carbon were -OH, C=O, C=C, C-O and C-H which can serve as coordination and 

electrostatic interaction sites to adsorb heavy metals. The zinc and nickel adsorption 

mechanism with hydroxyl group can be expressed as: 

R-OH + Zn2+/Ni+2 R-O-Zn+/Ni++H+
-----------------------------------------------------------------(25) 
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4.8. Desorption Studies 

 
As shown in Fig 30 the result of desorption study of zinc, nickel and chromium from the 

adsorbent. As it was observed from the figure desorption of nickel  and zinc decreased 

with an increase in pH as it also showed by (Wang et al., 2015) at pH 0.5 it is found that 

81.05% and 76.84% desorption respectively. If the adsorption is physico-sorption then 

the loosely bound metal ion can be easily desorbed with distilled water in most of the 

cases. On the other hand, if the mode of sorption is by chemical bonding or ion 

exchange or combination of both, then desorption can be effected by stronger adsorbents 

like acid or alkali solutions recovers of metals (Rojas et al., 1998). Therefore the 

desorption result of this two metals showed the adsorption process could be chemi-

sorption rather than physico-sorption.  

 

However, desorption of chromium from chromium loaded adsorbent increased with 

increase in the initial pH this could be due to the presence of hydroxyl ions which may 

release chromium ions from the adsorbent following an ion exchange mechanism. At pH 

11, 12.86% of chromium was desorbed from activated carbon. So that the chromium 

ions were desorbed with alkali solution. The results of alkali desorption of metal 

suggests either chemisorptions or ion exchange as the possible mechanism that were 

metal ion attached to the activated carbon according to Meitei et al (2014). 

 
Figure 30 The effect of desorption on nickel, chromium and zinc. 
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  5.  CONCLUSIONS  

 

In this study coffee husk was activated using sulfuric acid and high temperature to 

prepare activated carbon adsorbent. Then the powder was characterized using selected 

physico-chemical parameters and the results that were obtained are comparable with 

other studies.  From characterization it was found that the value of pH(3.5), electrical 

conductivity (76.81)µs/cm , bulk density (2.8g/cm3), pore volume(0.802mL/g), moisture 

content(1.07%), ash content (5.98%) volatile matter (64%), carbon (69%), particle 

size(250-500µm), porosity(94.96%), particle density(0.555 g/cm3), nitrogen (8.26%), 

protein(51.63%),C/N ratio(8.352) and surface area (2034m2/g). The result from the 

experiment for the determination of pH of point of zero charge (pHPZC) of activated 

carbon was also found to be 5.07.  

From the FTIR analysis it was found that there are a number of functional groups that 

present in the adsorbent which may be responsible for the adsorption process form the 

result mainly alcohols, phenol, alkanes and aldehydes, carbonyls, aromatics, glycosidic, 

sulfide, carboxylic and anhydride functional groups showed difference before and after 

adsorption.  SEM surface morphologies proven that the adsorbent was porous and good 

for adsorption. Energy dispersive spectroscopy micrograph reveals that the presence of 

chromium, zinc and nickel ion on the surface of activated carbon and also O, C, Ca, K, 

Si ,S, Mg, Al, P and Cu  in the adsorbent.  



 
 
 

80 
 
 

The adsorption behavior of zinc, chromium and nickel ions from electroplating 

wastewater by activated carbon was investigated in batch experiments. The adsorption 

of these metals was found to be highly dependent on pH, adsorbent dosage, contact 

time, initial concentration and agitation speed. For all metals when the pH increases 

adsorption efficiency were also increased and also true for the contact time. Highest 

adsorption efficiency was obtained at pH 7.0 which were 97.67, 89.6 and 99.94% for 

chromium, zinc and nickel respectively. The effect of adsorbent dosage on the 

adsorption of metals showed that the percentage of metal removed increased with 

increase in adsorbent dosage due to increased adsorption surface area. 

 

The isotherm result showed that Ni and Zn were well fitted to Langumer adsorption 

isotherm model however Cr were fitted to Freundlich and the maximum adsorption 

capacity of activated carbon found to be 30.675 (mg/g) for chromium, 9.524 (mg/g) for 

nickel ions and 19.763 (mg/g) for zinc ions. Whereas the study of kinetics reveled that 

pseudo-second order model best explains the rate of the adsorption process for all metals 

under consideration.  

 

This adsorbent is low cost; its utility will be economical and can be viewed as a part of a 

feasible waste management strategy. Generally the activated carbon prepared from 

coffee husk which is an agricultural bio-waste could be used as a potential adsorbent for 

the removal of nickel, zinc and chromium ions from electroplating wastewater and is 

inexpensive material for alternative treatment of the industrial wastewater. 
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6. Recommendation 
 

Based on this work the following recommendations are made for further study. 

 For better performance of this adsorbent further optimization study could be conducted 

using different methods.  

 Further investigation is required on the effects and influences of adsorbents’ temperature 

that influence the sorption process pilot and full skill. 

 Carry out the research on the removal of other toxic heavy metals such as Cd, Pb, 

mercury, Cu, As  and so on and the another waste water. 

 Safe disposal of the spent sorbent need to be investigated in large and small scale. 

 Optimize the adsorption efficiency activated carbon by using continuous flow method 

through adsorbent packed column. 

 Adsorption efficiency of this activated carbon better to be studied using continuous flow 

method.  

 Recycle the adsorbent and heavy metals. 
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5. Annexes 
Annex 1. Calibration curves  

Fig.1 Calibration curve of Chromium (II)(dose)Fig.2 Calibration curve of Nickel ()

 

 
Fig.3 Calibration curve of Zinc (dose)                Fig.4 Calibration curve of  (con.tim)Cr 

 

Fig.5 Calibration curve of Ni (con.tim)Fig.6 Calibration curve of Zn(con.time 
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Fig.7 Calibration curve of Cr(pH)          Fig.8 Calibration curve of Ni(pH) 

 
Fig.9CalibrationcurveofZn)(pH)     Fig.10CalibrationcurveofCr(int.con)      

 

Fig.11 Calibration curve of Ni(II)(int.con)   Fig.12 Calibration curve of Ni (int.con)               

 

Fig.13 Calibration curve of Cr(agt.speed)Fig.14 Calibration curve ofNi(agt.speed)    

 

Fig.15 Calibration curve of Zn (agt.speed)      Fig.16 Calibration curve of Cr(desorp.) 
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Fig.17 Calibration curve of Ni (desorp.)              Fig 18 Calibration curve of Zn (desorp) 

 

Fig 19. Calibration curve of Cr ((kinats)     Fig 20 Calibration curve Ni(kinats) 

 

Fig 21. Calibration curve of Zn (kinats) 
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Annex 2 Flow chart of preparation of activated carbon from coffee husk 

Flow  chart  for preparation of adsorbent from coffee husk 

 

 

 

 

 

 

 

 

  

 

 
 

 

 

 

Annex 3 Analytical procedures for trace metals analysis by FAAS 

 After the specific time period, 5mL aliquots was taken from the conical flask, filtered 

(0.45 micrometer filter paper) and the concentration of the metal ions was determined 

using an atomic absorption spectrometer (novAA400P). Absorption readings was taken 

at 213.9 nm for zinc, nickel 232nm and 357.9 nm for chromium. Sample dilutions 

ranged from 10 to 100 times depending on the metal ion initial concentration. All 

samples were acidified with HNO3 10% (v/v) prior to the analysis. The amount of metal 
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sorbet of activated carbon was determined by taken the difference between the initial ion 

concentration and the concentration of the solution at the time of sampled. All 

determinations of perform in a total of three replicates per experiment and the average 

values was reported. Since the pH affects the state in which the metal ion was presented 

in solution and consequently, the mechanism by which the metal was sorbet of activated 

carbon, its value was monitored before and after the sorption tests. Effluent samples 

were analyzed for trace metals using AAS. calibration standard solutions were prepared 

from 1000 mg/L stock standard solutions. fresh working standard solutions of 

appropriate concentrations were prepared by using serial dilution technique. deionized 

water was used to flush the capacity system to reduce memory interferences. Then the 

concentration of each metal ion was determined from its respective calibration curve.  

 
Fig 22 Agilent flam atomic Spectrophotometer 

 Instrumental operating conditions for flame atomic absorption spectrometer. 

Eleme

nt   

Λ SW Curren

t (mA) 

PM

T 

Burner 

height  

Fuel 

(l/h) 

E tim

e 
GasOxidan

t ratio 

Cr 357.9 0.2 3 341 8 100 69.5 3 0.213 

Zn  213.9 0.5 2 392 6 100 67.5 3 0.213 

Ni 232 0.2 3 437 6 100 74 3 0.213 

 λ; wavelength (nm), detection limit (mg/L), SW; slit width (nm),PMT(V),E 

;energy,burner 
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Annex 4 List of apparatus 

I. Analytical instruments  

  Conical flask:  250ml, with teflon  stopcocks used for agitation, sample bottles put the 

sample after adsorption , pipettes, measuring cylinder to measure the solution, 

conductivity meter to measured the H+ion spoons, vacuum  filter to separate the solution 

from solid,  reagent  bottle, bucher  funnel,  crucibles, magnetic stirrer with hot plate 

model (GL-3250) to boil  and stirrer sample, Digital pH meter Model 3510 Jenway to 

measure pH of the solution, electronic balance model number: (±0.0001,JD210-4) for 

weighting, FTIR Spectrometer to detect functional groups, scanning electron 

microscope(SEM) to determine morphology, Flame atomic adsorption spectrometer 

(FAAS);Model NovAA400P, Germany to measure metal ion concentration, orbital’s 

shaker (Orbital shaker SHW-2d) to agitate the solution , oven hot air oven to dry sample 

and  muffle furnace (Sheffield,S302RR,Englund)subjected to activated carbon, plain 

apparatus with cell number 16 plain jar cell count with ratio of 0.5cell constant to 

measure pore volume and bulk density apparatus to measure ,desiccators with bases 

outlet mobilex (Germany) to keep a sample less humid, Electrical mill (FW135.177) to 

grind sample, Filter paper (What man, 0.45micro meter)  to separated supernatant from 

solid and sieve  number of different size (250µm to 500µm) to get different particle size,  

 

Annex 5: List of chemicals and materials  

Standard analytical grade of chromium nickel zinc were used to prepare standard 

solutions of the metals studied. acetylene gas, de-ionized and distilled water, 2% 

formaldehyde to prevent molding, nitric acid  to prevent from precipitate, Sodium 

hydroxide ,hydrochloric acid to adjust the pH of the Solution , activated carbon,  

Annex 4: Laboratory procedures 

I. Sample preparation and preservation  

 Removals of nickel, chromium and zinc from electroplating wastewater using activated 

carbon as an adsorbent. 
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Electroplating wastewater samples were filtered through 0.45µm filter paper prior to 

preservation. Filter papers are acid washed and dried before use. After the sample is 

filtered, the  filtrate were  taken  as  a  sample  for  dissolved  metals  and  acidified by 

10% Nitric acid for  preservation purpose.  

II. Determination of heavy metal content  

Heavy metal concentration was determined using Flame Atomic Adsorption 

Spectrometer (FAAS); Model NovAA400P,Germany with an air-acetylene flame.  

 

Annex 6.The effect of dose   on nickel, chromium and zinc  

The effect of activated carbon dose on nickel removal efficiency (Co = 40 mg/L, contact 

time = 120 min, solution pH = 7, agitation speed = 150 rpm 

Dose of 

Adsorbent(

g) 

Initial 

concentratin 

Final 

concentration 

(%)Removal 

efficiency 

Capacity of 

Nickel in 

mg/g 

     0.5 40 5.592+0.02010 86.02 3.4408 

1 40 0.64+0.02076 98.4 1.968 

1.5 40 1.464+0.02645 96.34 1.2846 

2 40 1.12+0.04157 97.2 0.972 

2.5 40 2.264+0.04673 94.34 0.75472 

 

 

 

 

 

 

 

 

 

 



 
 
 

114 
 
 

Effect of coffee husk dose on zinc removal efficiency (Co =40mg/L, contact time = 

         90 min, solution pH = 7, agitation speed = 150 rpm 

Dose of 

Adsorbent(

g) 

Initial 

concentrati

on(mg/L) 

Final 

concentration 

(mg/L) 

(%)Removal 

efficiency  

capacity of 

in mg/g 

zinc 

     0.5 40 13.608+0.0101 65.98 2.6392 

1 40 1.872+0.0153 95.32 1.9064 

1.5 40 3.024+0.1703 92.44 1.2326 

2 40 2.384+0.0100 94.04 0.9404 

2.5 40 3.208+0.0148 91.98 0.73584 

 

Effect of activated carbon dose on chromium removal efficiency (Co =40 mg/L, contact 

time = 120 min, solution pH = 7, agitation speed 150 rpm) 

Dose of 

adsorbent

(g) 

Initial 

concentratio

n 

Final 

concentration 

(%)Removal 

efficiency  

Capacity of 

Chromium 

in mg/g 

     0.5 40 3.168+0.0620 92.08 3.684 

1 40 0.56+0.1102 98.6 1.972 

1.5 40 1.2+0.1152 97 1.2932 

2 40 1.448+0.2516 96.38 0.9638 

2.5 40 0.608+0.1101 98.48 0.77128 
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Annex 7 Effect of agitation speed on zinc, nickel and chromium. 

Effect of agitation speed on zinc removal efficiency by activated carbon (pH = 7, dose = 

20g/L, time = 120 min, Co = 40 mg/L. 

Agitation 

Speed(rpm

) 

Initial 

concent

ration 

Final 

concentration 

(%)Removal 

efficiency  of zinc 

capacity in 

mg/g 

 

 30 40 9.712+ 0.05516 75.75 1.5144 

60 40 9.6+ 0.05071 76.5 1.52 

90 40 7.96+ 0.01734 80.1 1.602 

120 40 5.072+ 0.03056 87.33 1.464 

150 40 3.816+ 0.03213 90.46 1.8092 

180 40 7.985+ 0.03055 87.32 1.60075 

200 40 7.994+0.02013 84.04 1.6003 

 

Effect of agitation speed on chromium removal efficiency (pH 7= , dose = 20g/L time 

=120min,Co = 40 mg/L 

Agitation 

Speed(rp

m) 

Initial 

concentratio

n(Co)mg/l 

Final 

concentration 

(Ce) mg/l 

(%)Removal 

efficiency of           

chromium 

capacity in 

mg/g 

  30 40 11.44+ 0.0057 71.4 1.428 

60 40 11.33+ 0.05576 71.675 1.4335 

90 40 5.39+ 0.02507 86.5 1.7305 

120 40 7.56+ 0.00501 81.1 1.622 

150 40 5.27+ 0.02516 86.83 1.7315 

180 40 9.2+ 0.00494 77 1.54 

200 40 10.58+ 0.00460 73.55 1.471 
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Effect of agitation speed on nickel removal efficiency by coffee husk (pH = 7, dose 

                = 20g/L,   time = 90 min, Co = 40 mg/L) . 

Agitation 

Speed(rpm) 

Initial 

concentration 

Final 

concentration 

(%)Removal 

efficiency   

Capacity 

of nickel 

     30 40 7.672+0.02867 80.82 1.6164 

60 40 5.824+0.11014 85.44 1.7088 

90 40 3.75+0.10015 90.625 1.8125 

120 40 3.24+0.12013 91.9 1.838 

150 40 3.01+0.03612 92.475 1.8495 

180 40 5.24+0.04725 86.9 1.738 

200 40 5.6245+0.01321 85.9 1.718775 

 
Annex 8. Effect of contact time on nickel, zinc and chromium. 

Effect of contact time on zinc removal efficiency (Co = 40 mg/L, dose = 20g/L 

               , solution pH = 7, agitation speed = 150 rpm. 

Contact 

time 

(min) 

Initial 

concentrati

on(mg/L) 

Final 

Concentration 

(mg/L) 

(%)Removal 

efficiency  

Capacity of 

zinc in mg/g 

30 40 6.784+0.02081 83.04 1.6608 

60 40 5.432+0.04725 86.42 1.7284 

90 40 4.25+0.03512 89.375 1.7875 

120 40 2.016+0.10407 94.96 1.8992 

150 40 2.182+0.04000 94.68 1.8909 

180 40 2.216+ 0. 03631 94.46 1.8892 
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Effect of contact time on nickel removal efficiency (Co = 40 mg/L, dose = 20g/L, 

solution pH = 7, agitation speed = 150 rpm) 

Contact 

time 

(min) 

Initial 

concentrati

on(mg/L) 

Final 

concentration(

mg/L) 

(%)Remov

al 

efficiency  

capacity of 

nickel in 

mg/g 

30 40 168+ 0.0.03 79.58 1.5916 

60 40 5.592+  0.0.062 86.02 1.7204 

90 40 0.616+  0.0.027 98.46 1.9692 

120 40 0.976+0.0.0756 97.56 11.9512 

150 40 0.736+0.00850 98.16 11.9632 

180 40 1.09+00.01206 97.275 1.9455 

 

Table 10. Effect of contact time on chromium removal efficiency (Co = 40mg/L, dose = 

20g/L, solution pH = 7,agitation speed = 150 rpm) 

Contact 

time 

(min) 

Initial 

concentrati

on(mgL) 

Final 

concentration 

(mg/L) 

(%)Remov

al 

efficiency  

capacity of 

Chromium 

mg/g 

30 40 10.84+0.01528 72.90 1.458 

60 40 9.608+0.05131 75.98 1.5196 

90 40 4.92+0.01720 87.7 1.754 

120 40 1.561+0.10001 96.5 1.92195 

150 40 1.92+0.05195 95.2 1.904 

180 40 2.281+0.05032 94.3 94.3 
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Annex 9 Effect of pH on chromium, zinc and nickel. 

Effect of pH on zinc removal efficiency (Co = 40 mg/L, dose = 20g/L, time 120 

Min, agitation speed = 150 rpm) 

pH Initial 

concentration

(Co) mg/l 

Final Conc. mg/l (%)Removal 

efficiency   

capacity in 

mg/g zinc 

 2 40 23.6+0.01562 41 0.82 

3 40 16.16+0.01780 59.6 1.192 

5 40 8.096+0.02661 79.76 1.5952 

7 40 4.16+0.01371 89.6 1.792 

9 40 10.1+0.02060 74.75 1.495 

11 40 11.376+0.02081 71.56 1.4312 

 

Effect of pH on chromium removal efficiency (Co = 40 mg/L, dose = 20g/L, time 120 

min, agitation speed = 150 rpm 

pH Initial  

concentration(

Co) mg/l 

FinalConc.mg/l (%)Remov

alefficieny   

Capacity in 

mg/gChromim 

 2 40 7.08+ 0.00232 82.3 1.646 

3 40 6.93+ 0.00241 82.675 1.6535 

5 40 5.76+ 0.00347 85.6 1.712 

7 40 0.952+ 0.00154 97.62 1.9524 

9 40 18.2+0.04681 54.5 1.09 

11 40 24.3+0.08563 39.25 0.785 
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Effect of pH on nickel removal efficiency (Co = 40mg/L, dose = 1g, time 120 min, 

Agitation speed = 150 rpm 

pH Initial 

concentration(C

o) mg/l 

Final Conc. 

mg/l 

(%)Removal 

efficiency   

capacity in 

mg/g Nickel 

 2 40 3.112+0.0214 92.22 1.8444 

3 40 1.928+0.0236 95.18 1.9036 

5 40 0.328+0.0253 99.18 1.9836 

7 40 0.024+0.025 99.94 1.9988 

9 40 5.8+ 0.02516 85.5 1.71 

11 40 7.4+ 0.00567 81.5 1.63 

 

Annex 10. Effect of initial concentration on nickel, chromium and zinc. 

.Effect of initial concentration on nickel removal efficiency (pH = 7, dose = 20g/L, 

Time 150 min, agitation speed = 150rpm) 

Initial 

concentration 

(Co)mg/l 

Final 

concentration(Cf) 

mg/l 

(%)Removal 

efficiency  

capacity of Nickel 

in mg/g 

10 0.296+0.02912 97.04 1.9852 

20  0.296+0.01514 98.52 1.9852 

30 0.328+0.01513 98.91 1.9836 

40 0.064+0.00528 99.84 1.9968 

50 1.848+0.02427 96 1.9076 
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Initial 

concentration 

(Co)mg/l 

Final 

concentration (Cf) 

mg/l 

Removal 

efficiency (%) 

Capacity of Zinc in 

mg/g 

10 1.936+ 0.0451 80.64 1.9032 

20 0.753+ 0.050 96.22 1.96235 

30 1.6+ 0.02744 94.66 1.92 

40 0.752+ 0.032 96.24 1.9624 

50 7.04+ 0.0242 85.92 1.648 

 

Initial 

concentration 

(Co)mg/l          

Final 

concentration (Cf) 

mg/l 

Removal 

efficiency (%) 

Capacity of 

Chromium in mg/g 

10 2.94+0.01820 70.6 1.853 

20 1.75+0.01418 91.25 1.9125 

30 0.15+0.04726 99.5 1.9925 

40 0.14+0.00529 99.65 1.993 

50 6.76+0.00700 86.48 1.662 
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Annex 11.The Effect of Initial   Concentration  

Removal of dissolved nickel, zinc and chromium by activated carbon from 

electroplating Wastewater with dilute concentrations of Cr, Ni and Zn at the  pH 7 

of  the Wastewater V = 50 ml, T = 25 ºC± 1 ºC, 1 grams, 250-500µm particle size. 

 

Initial 

concentration 

(mg/L) 

Final 

concentration 

(mg/L) 

%Removal  

efficiency of 

chromium  

Capacity of metal 

chromium mg/g  

10 6.523+ 0.010 83.6925 1.67385 

20 13.305+ 0.050 66.7375 1.33475 

30 10.915+ 0.020 72.71 1.45425 

40 0.724+ 0.070 98.19 1.9638 

 

Initial 

concentration

(mg/L)  

Final 

concentration 

(mg/L) 

% Removal 

Efficiency 

Ofnickel   

Capacity of metal 

nickel  mg/g  

10 6.52253+0.005 83.694 1.6738735 

20 11.53+ 0.03 71.18 1.4235 

30 11.72+ 0.05 70.7 1.414 

40 3.191+ 0.01 92.0223 1.84045 

 

Initial 

concentration 

Final 

concentration 

%Removal 

Efficiency of 

Zinc 

Capacity of metal 

zinc mg g 

10 7.6015+ 0.021 80.996 1.619925 

20 15.5+ 0.063 61.25 1.225 

30 9.544+ 0.080 76.14 1.5226 

40 1.7445+ 0.040 95.639 1.912775 

 



 
 
 

122 
 
 

Annex 12: Kinetic Study  

Results for the adsorption kinetics of chromium, nickel and zinc adsorption by 

activated carbon at pH 7 of The electroplating waste water varying the contact 

time from 5min to180min and keeping the initial concentration at 40mg/l. 

Cont

actTi

mein

min. 

pH Ci in 

Con(m

g/L) 

Cf 

final(

mg/L 

Remova

lefficien

cyofChr

omium 

Adsorpti

oncapacit

y (X/M) 

(qt)  

mg/g Cr 

qe-qt Log(

qe-

qt) 

t/

qt 

t1/2 

qe 

          

5 7 40 8.59

5 

78.5 0.7851 37.457 1.6 6.

4 2.2361 
0.157 

10 7 40 0.05

5 

99.86 0.9986 37.457 1.6 10 

3.1623 
0.0998 

25 7 40 0.05 99.75 0.99875 37.936 1.6 25 5 0.0399 

30 7 40 0.05 99.75 0.99875 37.243 1.6 30 
5.477 

0.033 

60 7 40 0.05 99.75 0.99875 37.243 1.6 60 
7.746 

0.0166 

90 7 40 0.05 99.75 0.99875 37.243 1.7 90 9.497 0.011 

120 7 40 38.2

43 

             

150 7 40 38.9

35 

             

180 7 40 0.00

5 
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Conta

ct 

Time 

in min 

pH Ci 

initia

lCon.

mg/L 

FinalC

onc. 

mg/L 

%nick

el 

Remo

val 

Adsorpti

oncapacit

y(X/M)(q

t) mg/g) 

qe-qt Logqe

-logqt 

1/qt t1/2 Qt 

   5 7 40 1.568 96.08 0.9608 5.5688 0.746 5.2 2.2

4 

0.192 

10 7 40 1.579 96.05 0.960525 5.5682 0.7457 10.4

11 

3.1

6 

0.091 

25 7 40 6.195 84.51 0.845125 5.6836 0.7546 29.5

71 

5 0.034 

30 7 40 6.32 84.2 0.842 5.6868 0.7549 35.6

29 

5.4

8 

0.0281 

60 7 40 6.45 83.85 0.83875 5.69 0.7551 71.5

35 

7.7

5 

0.014 

90 7 40 6.52 83.678            

120 7 40 6.55 83.63            

150 7 40 29.43 26.425            

180 7 40 29.36 26.6            
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Contact  

Time

(min) 

pH Ci in 

mg/L 

Final 

conc. 

zinc 

mg/L 

Adsorpti

oncapacit

y(X/M)(q

t) mg/g) 

qe-qt Log(q

e-qt) 

1/qt 1/qt qt 

5 7 40 1.185 0.970375 34.6096 1.5392 5.15

3 

2.24 0.91

9 

10 7 40 1.186 0.97035 34.6097 1.5392 10.3

1 

3.16

2 

0.09

7 

25 7 40 1.187 0.95325 34.6268 1.5394 26.2

3 

5 0.03

8 

30 7 40 1.89 0.95275 34.6273 1.5394 31.4

7 

5.48 0.03

2 

60 7 40 1.88 0.953 34.627 1.5394 62.9

5 

7.75 0.01

6 

90 7 40 35.58       

120 7 40 35.2       

150 7 40 35.7       

180 7 40 36.242       
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Annex 13: Equilibrium Study  

  Results for the adsorption equilibrium of zinc, nickel and chromium adsorption by 

activated carbon at pH 7 of the electroplating waste water at various adsorbent doses for 

contact times of 120 min and Keeping the initial concentration at 40mg/l. 

Adsorbent in 

grams 

InitiaConcentration

40 mg/l 

Final 

Concentration 

mg/L 

%of 

Removals 

efficiency  

Qe 

mg/g 

Chromium 

0.5 40 14.34+0.072                   64.15 2.566 

1 40 11.36+0.017                   71.6 1.432 

1.5 40 9.648+0.040                   75.88 1.01173 

2 40 9.304+0.0326                   76.7425 0.7674 

2.5 40 9.04+0.026                   77.4 0.6192 

3 40 7.032+0.1023                   82.42 0.65936 

3.5 40 6.568+0.1026                   83.58 0.4776 

 

Mass of 

Adsorbent 

in grams 

Initial 

Concentration 

mg/l 

Final 

Concentration  mg/L 

Removals 

Efficiency (%) 

qe mg/L 

Nickel 

0.5 40 10.03+0.026                   74.925 1.4985 

1 40 1.429+0.0027                   96.4275 3.8571 

1.5 40 4.337+0.0012                   89.1575 1.1889 

2 40 6.277+0.0016                   84.31 0.843075 

2.5 40 6.293+0.0026                   84.2675 0.67414 

3 40 6.268+0.036                   84.33 0.5622 

3.5 40 6.205+0.026                   84.4875 0.482786 
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Mass of 

Adsorbe

nt in(g) 

Initiation 

Concentratio

n mg/l 

Final 

Concentration  

mg/L 

(%)Removals 

efficiency  

qe  

mg/g zinc 

0.5 40 9.203+0.0025                   76.99 3.0797 

1 40 9.77+0.0023                   75.58 1.5115 

1.5 40 9.835+0.00264                  75.4125 1.0055 

2 40 9.4435+0.0016                   76.39 0.7639125 

2.5 40 9.395+0.0036                   76.51 0.6121 

3 40 9.265+0.0016                   76.8375 0.51225 

3.5 40 9.103+0.0026                   77.2425 0.4412 

Annex 14. Adsorption isotherm for zinc, nickel and chromium.Co = inititial 

concenrtration(mg/L),Ce = equilibrium concentration(mg/L), qe = 

equilibriumadsorption capacity (g/mg).The results of zinc adsorption isotherm  

Dose

ofads

orbe

nt(g)  

Résiduel 

concentration 

(Ce) mg/L 

Solute 

adsorbd 

mg (x) 

Adsorption

capacity) 

(qe)  mg/g 

1/Ce 

Zn 

1/qe Log 

qe 

Log 

Ce 

0.5 6.296+0.08                  3.44 1.6852 0.1588 0.5934 0.799 0.227 

1 2.47831+0.026                   3.776 0.938 0.4035 1.066098 0.3942 -0.02  

 

1.5 1.12284+0.006                   3.856 0.64797 0.8906 1.5433 0.050 -0.188 

2 0.561293+0.002                   3.984 0.49298 1.7816 2.02848 -0.25 -0.31 

2.5 0.656+0.02                   3.936 0.39344 1.5244 2.542 -0.183 -0.308 

3 0.4728+0.07                   3.952 0.3294 2.1552 3.0358 -0.33 -0.482 

3.5 0.384+0.006                   3.95 0.28297 2.6042 3.534 -0.416 -0.548 
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The results of nickel adsorption isotherm  

Adsorbent 

dose (g)  

Résiduel 

concentration 

(Ce) mg/L 

Solute 

adsorbed 

mg (x) 

Adsorption 

capacity 

(qe)  mg/g 

1/Ce 

Ni 

1/qe Log 

Ce 

Log 

qe 

0.5 8.5324+0.006                   3.68 1.8396 0.1172 0.5436 0.5931 0.2647 

1 3.6166+0.003                   2.56 0.6598 0.2765 1.5156 0.5583 -0.181 

1.5 3.026+0.0016                   3.07 0.6163 0.3307 1.623 0.481 -0.21 

2 2.384+0.002                   3.76 0.4702 0.42 2.127 0.377 -0.328 

2.5 1.872+0.005                   3.816 0.3813 0.5342 2.623 0.2723 -0.42 

3 1.568+0.007                   3.848 0.321 0.64 3.115 0.1953 -0.494 

3.5 1.6393+0.004                   3.88 0.4 0.61 2.79 0.19 -0.215 

 

 The results of chromium adsorption isotherm 

Adsorbe

nt dose 

(g)  

Résiduel 

concentratio

n (Ce) mg/l 

Solute 

adsorbed 

mg (x) 

Adsorption 

capacity(q

e)      mg/g 

of Cr 

1/Ce 1/qe Log 

Ce 

Log 

qe 

0.5 2.952+0.002               3.6832 1.8524 0.339 0.5398 0.4701 0.2677 

1 1.408+0.006                   3.856 0.9648 0.71 1.0365 0.1486 -0.016 

1.5 1.02+0.001                   3.88 0.65 0.9833 1.538 0.0086 -0.187 

2 0.608+0.002                   3.9392 0.4924 1.6447 2.0309 -0.216 -0.308 

2.5 0.484+0.003                   3.944 0.3944 2.066 2.5355 -0.252 -0.3002 

3 0.352+0.004                 3.9648 0.3304 2.841 3.0266 -0.454 -0.481 

3.5 0.304+0.003                3.9696 0.2835 3.28947 3.5171 -0.517 -0.547 
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Annex 15. Adsorption kinetic model results for chromium, zinc and nickel. Ce= the 

solute equilibrium concentration (mg/L), X = the amount of solute adsorbed, M = 

weight of adsorbent. contact time on metals removal efficiency (Co = 40 mg/L, dose 

= 20g/L, solution pH = 7,agitation speed = 150rpm),qt =adsorption capacity at 

equilibrium (mg/g), at time, Co = initial concentration(mg/L), Ce = the solute 

equilibrium concentration (mg/L). 

Contac 

time(min) 

Initial 

concentr

ation 

(Co) 

mg/L 

Final 

concentration 

mg/L of 

chromium 

Adsorption 

capacity 

(X/M) (qt)  

mg/g 

 

qe-qt Log(qe-

qt) 

1/qt 

       5 40 8.595+0.1401 0.7851 37.4568 1.57353 6.3684 

10 40 0.055+0.0352 0.9986 37.2433 1.57353 10.014 

25 40 0.05+0.0599 0.99875 37.24315 1.57905 25.0313 

30 40 0.05+0.0211 0.99875 37.24315 1.57105 30.0375 

60 40 0.05+0.0125 0.99875 37.24315 1.57105 60.075 

90 40 0.05+0.0103 0.99875 37.24315 1.57105 90.1126 

120 40 38.2419+0.088         

150 40 38.935+0.1402 qe=38.241

9 
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Contact 

Time(min

) 

Initial 

concentratio

n (Co) mg/l 

Final 

concentration 

Ce mg/L of  

zinc 

Adsorption

capacity(X

/M)(qt)  

mg/L 

qe- qt Log(qe-

qt) 

t/qt 

    

5 40 1.185+0.01453 0.97038 34.6096 1.5392 5.153 

10 40 1.186+0.1277 0.97035 34.6097 1.5393 10.31 

25 40 1.187+0.2074 0.95325 34.6268 1.53941 26.2261 

30 40 1.890+0.1053 0.95275 34.6268 1.53942 31.4712 

60 40 1.88+0.1257 0.95 34.627 1.5394 62.95 

90 40 35.58+0.1229      

120 40 35.20+0.203      

150 40 35.680+0.04      

180 40 36.243+0.069

9 

qe=35.58    
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Conta

ct 

Time 

in min 

Initial 

concentra

tion(Ce)

mg/L 

Finalconcentration(

mg/l) of Ni 

 

Adsorptionca

pacity(X/M)(

qt)  mg/g 

 

qe-qt 

 

Log(qe-

qt) 

 

t/qt  

 

5 40 1.56±0.0032 0.9608 5.56795 0.746 5.2 

10 40 1.57±0.098 0.960525 5.568225 0.74572 10.411 

25 40 6.195±0.034 0.845125 5.683625 0.7546 29.571 

30 40 6.32±0.0529 0.842 5.68675 0.75486 35.629 

60 40 6.45±0.0977 0.83875 5.69 0.7551 71.535 

90 40 6.529±0.031         

120 40 6.55±0.1041         

150 40 29.43±0.1172         

180 4 0 29.3±0.155 qe=6.52875       
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Annex 16. Adsorption  kinetic  model  rate constants for nickel, chromium and 

zinc.qe (exp) =experimental equilibrium adsorption capacity(mg/g), qe(cal) = 

calculated equilibrium adsorption capacity(mg/g), K1 = pseudo first order rate 

constant(L/min-1), R2= correlation coefficient k2= pseudo second order rate 

constant(g mg-1min-1),h = initial adsorption ratemg/g min). 

  Pseudo-First order   Pseudo-Second order 

Metalns                                     Parameters 

  qe(exp) qe(cal) 1.213 R2
 qe (cal)       k2                 H R2

 

Ni 6.52875 5.521 0.993 0.985 1.213 -1.359 -2.00 0.999       

Cr 38.2419 37.493 1.051     0.221         0.993 1.8518 1.852        0.999 

Zn 35.58 34.594 qe (cal)       0.547       1.051     -8.981   -9.9198        1 

 

Annex 17. The Effect of desorption chromium, zinc and nickel. 

Desorption efficiency of chromium 

Initial 

concentration(m

g/l) 

Final 

concentration 

Cr 

adsorbed(mg/L) 

desorpti

on of 

pH 

Concentration 

Cr desorbed(mg 

%desorption 

40 38.52+0.0142 0.5 0.408+0.0055 1.25 

40 38.52+0.0142 1 1.0+0.0011 2.96 

40 38.52+0.0123 2 1.376 +0.0015 3.572 

40 38.52+0.0133 3 0.41+0.0021 1.06 

40 38.52+0.0142 5 1.848+0.0220 4.7975 

40 38.52+0.0132 7 2.352+0.0053 6.1059 

40 38.52+0.0142 9 2.552+0.0061 6.625 

40 38.52+0.0142 10 3.584+0.0040 9.304 

40 38.52+0.0142 11 4.952+0.0055 12.86 
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Desorption efficiency of Zinc.  

Initial 

Concentration 

(mg/L) 

Concentration 

Zndesorption 

(mg/L)                                   

adsorbed                        

pH 

Concentration Zn 

desorbed(mg/l) 

%desorpt

ion 

40 38.+0.0036 0.5 29.2+0.0027 76.84 

40 38.4+0.0026 1 20.312+0.0305 52.896 

40 38.432 +0.0016 2 14.48+0.0112 37.68 

40 38.432+0.0026 3 10.072+0.0072 26.21 

40 38.431+0.0036 5 3.264+0.0023 8.493 

40 38.4+0.0026 7 1.1+0.0015 2.87 

40 38.04+0.0026 9 0.7128+0.0024 1.87 

40 26.57094+ 0.0015 11 0.98+ 0.00201 0.98 

 

Desorption efficiency of Nickel 

Initial 

Concentration 

(mg/l) 

Concentration 

adsorbed 

(mg/l) 

Desorption Concentration 

OfNickel 

Desorbed (mg/l) 

%desorption 

 

40 37.696+0.011 0.5 30.552+0.0023 81.05 

40 37.876+ 0.010 1 29.592+0.0032 78.13 

40 37.886+0.011 2 19.392+0.013 51.185 

40 37.856+0.011 3 5.112+0.0034 35.632 

40 37.846+0.011 5 3.136+0.0067 8.286 

40 37.896+0.011 7 1.928+0.0053 5.09 

40 37.896+0.011 9 0.832+0.0032 2.1955 

40 37.142+0.011 11 0.7162+0.0021 1.9283 
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Annex 18.The pH of PZc 

Blank solution  

0.5 g metal oxide/50 

mL  

1.0 g metal 

oxide/50 mL  

1.5 metal 

oxide/50 mL  

HNO30.1 

M  pH  HNO30.1 M  pH  

HNO30.1 

M  pH  

HNO3

0.1 M  pH  

0      10.1    0 9.7 0 9.59 0 9.54 

1 6.5 1.02 6.2 1.01 5.07 1.01 5.09 

2 3.79 2.02 4.45 2.01 5.2 2.01 5.07 

3.02 3.35 3.01 3.76 3.01 5.24 3.01 5.01 

4.02 3.06 4 3.24 4.01 5.25 4.01 5.03 

5 2.86 5.01 2.94 5 4.35 5 4.48 

6 2.72 6.03 2.71 6.02 3.85 6.02 4.54 

7 2.62 7.01 2.57 7.01 3.49 7.01 4.03 

8 2.53 8 2.48 8.01 3.15 8.01 3.71 

9.01 2.46 9.02 2.41 9.01 2.97 9.01 3.45 

10 2.4 10 2.36 10 2.83 10 3.25 

11.02 2.35 11.02 2.31 11 2.72 11 3.08 

12 2.3 12.02 2.27 12 2.63 12 2.94 

13.01 2.25 13.01 2.23 13 2.56 13 2.87 

14.01 2.22 14.02 2.09 14.01 2.5 14 2.77 

15 2.18 15.02 2.12 15.03 2.44 15.03 2.69 

16.01 2.15 16.02 2.09 16 2.39 16 2.62 

17.01 2.12 17.02 2.06 17.01 2.35 17.01 2.56 

18 2.07 18.01 2.03 18.02 2.31 18.02 2.51 

19.01 2.05 19 2 19 2.28 19 2.46 

20.03 2.03 20 1.98 20 2.24 20 2.42 

21 2.01 21 1.98 21.02 2.22 21.02 2.3 

22.01 1.99 22.02 1.96 22.01 2.2 22 2.35 

23 1.96 23 1.96 23 2.21 23 2.34 
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Annex 19. Comparison of adsorption capacity of activated carbon with other 

adsorbent 

The comparison of adsorbent capacity of activated carbon with other materials reported. 

Accordingly; the adsorption capacity of activated carbon obtained is higher than 

adsorbents from various industrial and low cost adsorbent. 

Comparison of Adsorption Capacity of activated carbon for zinc with other adsorbents 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sorbent qmax(mg 

/g) 

Reference 

commercial activated carbon 13.04 Mohammed , 2014. 

Rice husk ash 14.3  Mandal et al.,2013. 

Activated alumina 13.69 Bhattacharya et al,2015 

Baggage fly ash  13.21 Gupta,et al.,2003. 

Activated of Red mud  14.51 Ramesh et al .,2011. 

Peanut husks  13.08 Madhava  et al ,2008. 

Fly ash activated carbon  11.11 Utkarsh  et al.2015 

Sugar beat pulp  0.176 Yanik, et al.,2006. 

Phosphogypsum 2.57 Hasanand Balkaya,2007 

Phaseolus aureus hulls 

(ACPAH) of activated carbon 

    19.5 Madhava et al.,2009 

Tannicacidimmobilizedactivated 

carbon 

   1.23 Ucer,et al.,2006. 

Carbon aerogel     1.185 Meenaetal.,200. 

Olive cake 10.6 Doyurum, 2006. 

Rice polish, Wheat bran 9.7, 0.7 Singh,2008. 

Rice husk 8.6 Kumar, 2006. 

Activated carbon of coffee husk 19.763 Present study 
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Comparison of adsorption capacity of adsorption capacity for chromium with other 

adsorbent 

Sorbent qmax (mg/ g) References 

Activatedricehuskcarbon,activate

d alumina 

0.8,1.6 Bishnoi et al.,2004  

Ricinus communis seed shell 

active carbon  

7.761 ThamilarasuandKarunaka

ran,2013 

Palm shell activated carbon 12.6 Hamad et al.,2011 

Acid-modified waste activated 

carbon 

10.93 Ghosh,2009 

PEI/palm shell activatedcarbon 20.5 Owlad et al.,2010 

Raw rice bran 0.07 Oliveira et al.,2005  

Nut shell,waste tea and                                                                   

walnut shell  

1.47,1.55,1.

33 

OrhanandBuyukgungor,1

993 

Sawdust and wheat bran 0.227,0.131 Morshedzadeh et al.,2008  

Wheatbran,Pineleavesand 

Elaeagnus angustifolia 

7.19 Fadaei et al.,2014 

Almond shells                                  10.6  Dakiky et al.,2002 

Maple sawdust                                  2.1 LeJ. Yu,2003 

Jatropha oil cake, Maize 

corncobandSugarcanebagasse                                                                                         

0.82,0.3,0.6

2                                        

Abdullahi et al.,2012 

Modified oak sawdust 1.7  Argun et al.,2008  

Activated carbonfromcoffeehusk 30.675 Present study 
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Comparison of adsorption capacity of activated carbon  for Nickel with other adsorb 

Sorbent qmax (mg/ 

g) 

References 

Palm kernel fibre                                            7.2 Shukla,  and Pai.,2005 

Elaeagnusangustifoliafruitpowde

r 

1.97 Amiri et al., 2014 

Modified zeolite, MMZ 8  Barakat, 2011  

activated carbon almond husk 

4.89to0.6

16 Halil,2003. 

Dye stuff treated rice hull 6.15 Ahmed,2013. 

Granularactiv atedcarbon 1.49 Anoop et al.,2011 

Namontmorillonite                                        6.32 Abollino,2003 

Carbon aerogel 3.8 AjayKumarMeena,2015  

Activated carbon from coffee 

husk 

9.524 Present Study                              

 

http://www.sciencedirect.com/science/article/pii/S1878535210001334#b0335

