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Abstract 

All the toxic dyes that are released into the water bodies should be treated before releasing them as it 

has various harmful effects on humans as well as the aquatic life. In the present study absorbent used 

is easily available waste corn cob, that has been used to remove dyes from water. The corncob used 

was treated with NaOH and its adsorption of dye (malachite green) was tested at different pH range 

(2-9) and same was done with untreated corncob, the dyes used were malachite green, Congo red. The 

dyes used in the study are azo dyes. pH is one of the most important parameters around which the 

study revolves. Standard solution of both Congo red and malachite green was prepared. The 

concentration for Congo red was 20 mg/L and the concentration for malachite green was 20 mg/L. 

Moreover, the experiment performed was in the form of batch and various parameters such as contact 

time and pH were evaluated. Characterization of both untreated corncob as well as NaOH treated 

corncob was done using Fourier transform infrared (FTIR) and Scanning electron microscopy (SEM). 

It was noted that as the pH shifted from acidic to basic the percentage removal i.e. the amount of dye 

removed increased. 
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Introduction 

Pollution is the presence of any unwanted substance into a natural environment that may lead 

to adverse effects and changes. Pollution is of different type like water pollution, noise 

pollution, air pollution, soil pollution. Water pollution is the spoliation of water bodies due to 

human liveliness; the textile and dyeing industry is the major manufacturer of synthetic dyes 

producing thousands of different chemical dyes. small volume of these dyes can affect water 

bodies in dreadful ways because of the presence of harmful characteristics they can affect the 

visibility and stop sunlight from passing inside the water, it is not environment friendly 

because of its toxic nature [4], this polluted water can be carcinogenic[17]. Malachite green 

comes in the category of azo dye. It has various destructive features which unhealthy for 

humans as well as aquatic fauna. It also causes focal necrosis in liver, damages mitochondria 

and causes nuclear alterations. Removal of these dyes from the water Is a big 

provocation.The food chain is also affected by these contaminations which indirectly cause 

harm to human’s other harmful effects include, increased heart rate, vomiting, jaundice, 

diarrhea, and tissue necrosis [1].In this “Pollutant Removal Age,” many technological 

developments have been made to reduce contaminant outflow into the environment [10]. 

Dyes usually have complex aromatic molecular structures due to the reason they are firmer 

and are difficult to degrade, many types of dye that are being used in the textile industries are 

direct, reactive, acid and basic dyes. Numerous dyes that are being used at industrial level are 
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carcinogenic and toxic because of which many methods and techniques that are used for 

taking out of the dyes from effluent  and to minimize the amount of pollutants, such as 

membrane filtration, ion-exchange, precipitation, reverse osmosis, evaporation, adsorption, 

coagulation-flocculation, liquid-liquid extraction, electrolytic recovery, etc.[13]. However, 

most of the methods that are being used are expensive. Therefore, it is necessary to generate 

an ultra-efficient environmentally safe method for the taking out dyes from industrial effluent 

[12].   

Physical treatment like adsorption is a very convenient method for taking out harmful 

compounds from effluent, if the adsorbents are easily accessible and commercial [19]. Some 

of the biomasses commonly used are, Coconut shell fiber [2]. olive fruit residue [5]. bagasse 

[14], rice bran [9], hazelnut shell [3], and neem leaf [16]. 

Several studies are carried out on the activated carbon from many low-price sources like 

coconut husk, coconut shell, bamboo ash etc. for taking out toxic level of water [4]. In this 

study we are using corncob as adsorbent for taking out azo dyes from the effluent. 

Agricultural wastes come into notice for adsorption of dyes from damped solution. Several 

agricultural wastes show finest performance, as they are inexpensive, they are present in huge 

quantity naturally, highly accessible, nature friendly[11]. 

Over the past few years research centers are looking for low cost adsorbents, for the 

adsorption method to take place properly choosing of proper adsorbent is the key. Corncob is 

easily available material with no cost. Corn is a major crop many-sided over the globe. 

Annually corn is produced about 520x109 kg [18]. Nowadays, corn is second most ample 

crop globally [6-7] and is anticipated to exceed both wheat and rice to become the number 

one grain at global scale by 2020 [20] Corncob is a waste from the corn field or different 

industries dealing with corn. Cobs is the integral hard, thick, central core of maize. They are 

made up of 44–45% cellulose, 31–40% hemicellulose, and 8–15% lignin [21]. This waste can 

be utilized for adsorption of various dyes from the waste water. This study is focused to test 

its effectiveness for taking out of azo dyes such as Congo red from the aqueous solution [8], 

also, the effect of pH, temperature, rpm on the absorbance of the dye from the aqueous 

solution was also looked over. In the present workchecks the potential of corncob in taking 

out Congo red from the aqueous solution, the dye is brownish red in color [8]. 
 

Material and methodology 

The corn cob used in the research is collected from a private agriculture field of district Kangra of 

state Himachal Pradesh, India, the corn cob used was dried and then grinded. The dyes used in the 

study are azo dyes (Congo red and Malachite green). 

Preparation of dye solution 

The methylene blue and Congo red dye used in this study was prepared in the form stock solution of 

20mg/l. The experiment was carried in the form of triplets. 

Preparation of malachite green and NaOH treated corncob 

 
30 gm of corn cob was taken and dried under sunlight for 5-7 days.  It was mixed with 300 mL 

of 0.5 mol L-1 NaOH and was kept in orbital shaker for 30 mins. The treated sample was 

exposed to 4 % (v/v) acetic acid in order to remove excess base, proceeded by washing with 

distilled water until the neutral pH was achieved. As the pH became neutral all the excess 

water was removed by keeping it in hot air oven at 100°C for 1 hour [15]. The dye solution of 
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malachite green was also prepared using 20 mg of dye in 1000ml of distilled water. The 

samples were taken in the form of triplets and the pH was set ranging between (2-9). The 

amount of corn cob (adsorbent) was taken 1gm in 50 ml of the solution. The following graphs 

represent the relation between percent removal and contact time, the experiments were 

carried using the NaOH treated corn cob. 

 

Batch adsorption studies  

The batch experiment for Congo red and malachite green was conducted by mixing 2mg of 

the dye in 50 ml of water in the blue cap bottles, with the measured amount of corn cob 

poured in them samples were set at different pH and were put in the shaker, the rpm of the 

shaker was set at 100, for one hour. The range of the pH was set between (2-9) sampling of 

the samples with different pH was done after every hour and this was repeated for four hours. 

The pH was maintained with the help the hydrochloric acid and sodium hydroxide solution of 

1M. The mixture was sieved and the filtrate was analyzed for its dye content using 

spectrophotometer.  

The dye adsorbed was calculated by using equation 1. 
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where Co and Ce are the initial and equilibrium adsorbate concentrations(mg/L) , V is the 

volume of adsorbate(L) , and m is the mass of adsorbent(g). 

 

 

Result and discussion 

Graphical analysis 
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Fig 1.1: plot between time and percentage removal for raw corn cob and malachite 

green 

The graph shows percentage removal of different Ph (1,2,3,4,5,6,7,9). As the fig 1.1 shows 

that as the time times and pH changes to basic from acidic there is increment in the 

percentage removal.eg., for pH2 the percentage removal after one hour is 12.35after two 

hours the percentage removal changes to 29.65 after three hours it is 47.53 and after 4 hours 

it increases to 50.53.In such way the percentage removal for all the Ph increases. 

 

 

Fig 1.2: plot between time and percentage removal for NaOH corn cob and malachite 

green. 

The graph shows percentage removal of different Ph (1,2,3,4,5,6,7,9). As the fig 1.2 shows 

that as the time times and pH changes to basic from acidic there is increment in the 

percentage removal.eg., for pH2 the percentage removal after one hour is 77.9,after two hours 

the percentage removal changes to 88.99, after three hours it is 91.01 and after 4 hours it 

increases to 91.96.on comparing the percentage removal of raw corn cob with NaOH corn 

cob we can see increases in percentage removal for NaOH treated corn cobs. 
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Fig 1.3 plot between time and percentage removal for Congo red at pH 3,5,7. 

The graph shows percentage removal of different Ph (3,5,7). As the fig 1.3 shows that as the 

time times and pH changes to basic from acidic there is rise in the percentage removal.eg., for 

pH3 the percentage removal after one hour is 5.2 ,after two hours the percentage removal 

changes to 12.4, after three hours it is 28.7 and after 4 hours it increases to 31.In such way the 

percentage removal for all the Ph 5 and 7 also increases. 

 

 

FTIR analysis 

FTIR analysis for raw as well alkali (NaOH) treated corncob was done. 

The FTIR analysis show following peaks(fig 2.1) for untreated corn cob at 3346.61 cm-1
, 2924.18 cm-

1, 2856.67 cm-1 , 2395.67 cm-1 , 2283.79 cm-1, 2108.27 cm-1, 1730.21 cm-1, 1620.26 cm-1, 1450.52 cm-

1 , 1365.65 cm-1, 1240.27 cm-1, 1159.26 cm-1, 1031.95 cm-1 , 715.61 cm-1 , 538.16 cm-1, 443.64 cm-1 

are representing following functional groups O-H, C-H, C-H, O-H, 0-H, C=C, C=O, C=O, C-H(CH3), 

N=O,C-O, C-O, C-O, C-Cl, C-Cl-C-Cl. 
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Fig2.2: FTIR spectra of NaOH treated corn cob. 

The FTIR show following peaks fig(2.2) for NaOH treated corn cob at 3338.89cm -1,2915.47 cm  -1 

,2353.23 cm -1 ,1319.35 cm -1, 1024.24 cm -1 ,896.93 cm -1 ,443.64 cm -1 ,426.28 cm -1  .and they 

represent the following functional groups N-H O-H ,C-H,C-O,C-O,C-O,C-Cl ,C-Cl , C-Cl. 

SEM analysis 
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Fig 3.1:Raw corncob before adsorption of malachite green(500x) 

 

 

 

Fig 3.2: untreated corncob after the adsorption of malachite green(500x) 

 

Fig 3.3 :NaOH treated corncob (500x) 
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Fig 3.4:NaOH treated corncob after adsorption of malachite green(500x) 

 

Scanning electron microscopy was done to testify the surface structure of raw as well as treated 

corncob. In case of raw corn cobs there is no binding in the pores. Huge number of open pores present 

or in other words we can say that there were huge amount of active sites as shown in fig 3.1, while 

after the addition of malachite green the porosity decreasesand there was binding between the pores 

and dye or in simple words we can say that the active sites which were open got bonded by the dye, as 

shown in fig 3.2,Once the raw corncob was treated with NaOH we can see the difference there are 

less number of pores and its surface has been modified as compared to the raw corncob as shown in 

fig 3.3. Fig 3.4 shows that there is binding of the dye with NaOH treated corncob a smaller number of 

active sites are present. We can also see that the binding in NaOH treated corncob is more as 

compared to raw corncob after the adsorption of malachite green. 

Conclusions 

The result of the study concluded that corn cob residue is efficient material for the elimination of azo 

dyes and when the corn cob residue is treated with NaOH its efficiency to remove dye increases. pH 

and contact time are important parameters of this study, these parameters are directly proportional to 

the amount of dye adsorbed. Thus, from the study it was concluded that treated corn cob residue can 

be used as an alternative for the removal of azo dyes from the water. 
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