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Abstract 

With the rapid development of modern industry. Environmental pollution caused by industry is 

becoming increasingly serious. Heavy metal ions and some kinds of dyes in industrial wastewater 

are key to pollution. How to eliminate harm of heavy metals and dyes and effectively recover them 

is a prominent problem that current environment protection works need to solve.  

Biological adsorption as a new method of heavy metal and dyes removal and recovery, it has the 

advantages of wide source of raw materials, high adsorption efficiency, environmental friendliness, 

no secondary pollution and so on, showing a good application prospect. 

This paper mainly studies and discusses two kinds of bioadsorbent materials, natural banana peel 

and modified banana peel, as adsorbent. The adsorption properties and mechanism of heavy metal 

chromium (VI) and methylene blue dyes in wastewater adsorbed by natural banana peel and 

modified banana peel are studied respectively. 

The detailed work is as follows. 

1 The adsorption properties of two bioadsorbents, natural banana peel and modified banana peel, on 

chromium heavy metal and methylene blue solution were compared. The effects of reaction time, 

temperature, initial concentration and amount of adsorbent on the adsorption effect were 

investigated by adsorption experiment, and the adsorption thermodynamics and kinetics were also 

studied. 

2 The specific surface area, surface structure and morphology of banana peel before and after 

modification were characterized by modern analytical techniques, such as BET-N2 adsorption 

method, infrared spectrum analysis, CHNS, SEM and X-RD 

The adsorption behavior of Cr (VI) in aqueous solution by banana peel biological adsorbent before 

and after modification was studied in detail. Low solution pH value was conducive to the removal 

of Cr (VI) in aqueous solution by adsorbent, and the adsorption process was accompanied by Cr 

(VI) reduction to Cr (III). The results of adsorption kinetics showed that the adsorption kinetics of 

banana peel before and after modified at different temperatures were more in line with pseudo-

second-order kinetic equation. The adsorption isotherm results showed that the adsorption of Cr (VI) 
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by banana peel bioadsorbent before and after modification was in line with the Langmuir monolayer 

adsorption model. 

By studying the adsorption behavior of banana peel bioadsorbent before and after modified on 

methylene blue in aqueous solution in detail, when the pH value is higher than 6, it is more beneficial 

to the removal of methylene blue in aqueous solution by the adsorbent, but the adsorption efficiency 

tends to be stable. The results of adsorption kinetics showed that the adsorption kinetics of banana 

peel before and after modified at different temperatures were more in line with pseudo-second-order 

kinetic equation. The adsorption isotherm results showed that the adsorption of methylene blue by 

banana peel bioadsorbent before and after modification was in line with the Langmuir monolayer 

adsorption model 

By measuring the release amount of Na+ and Mg2+ in the adsorption process, as well as the results 

of infrared spectrum and X-RD analysis, it is shown that the ion exchange mechanism is dominant 

in the adsorption of metal ions and methylene blue by modified banana biological adsorbent. 

The adsorption data of Cr (VI) and methylene blue by banana peel before and after modification 

were obtained by this project. This study has economic and environmental significance for the 

utilization of resources and provides a new idea for the deep utilization of biological waste. It also 

lays a good foundation for developing efficient and low-cost industrial wastewater treatment 

technology 

KEY WORDS   

Chromium ion (VI), Methylene blue, biosorption, banana peel, chemical modification 
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Chapter 1: Introduction 

1.1 Sources and harms of wastewater containing heavy metals 

Heavy metals refer to the elements with a density of 5.0 g/m3 or above [1]. Arsenic and selenium 

are non-metals, but their toxicity and some properties are similar to heavy metals, so they are 

included in the scope of heavy metal pollutants. The heavy metals referred to in environmental 

pollution mainly refer to the biological toxic mercury, cadmium, lead, chromium, and also include 

the toxic heavy metals copper, cobalt, nickel, tin, vanadium and other pollutants. Heavy metal 

pollution is the environmental pollution of air, water, soil and biosphere caused by people's 

production and living activities. Heavy metal pollution includes air pollution, water pollution and 

soil pollution. Industrial and mining wastewater and domestic sewage are discharged without proper 

treatment. The waste yard is affected by running water and the input of atmospheric sedimentation 

rich in heavy metals, which sharply increases the heavy metal content of the water body and causes 

the water body to be polluted by heavy metals. The types, contents and existing forms of heavy 

metals in wastewater vary greatly with different production types. Table 1 listed wastewater 

containing heavy metals and its sources. 

Heavy metals can easily enter the human body and threaten human health through direct drinking 

water, eating vegetables and grains irrigated by sewage, etc. Heavy metals entering the human body 

no longer exist in the form of ions, but combine with organic components in the body to form metal 

complexes or metal chelates, thus causing harm to the human body. The protein inside airframe, 

ribose can react with heavy metals, vitamins, hormones also can react with heavy metals. The 

chemical reactions between the heave metal and the afore–mention can results in material loses or 

changed original physiology chemistry function and produce pathological change. In addition, 

heavy metals may change the conformation of the active part of the enzyme by binding to the 

inactive part of the enzyme, or exchange with the metal that plays the role of coenzyme, so that the 

activity of the enzyme is weakened or even lost, thus showing toxicity. The toxicity of heavy metal 

ions and their compounds is cumulative and difficult to detect at the beginning. Once symptoms 
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occur, serious consequences will be caused. The harm of typical heavy metal ions in wastewater to 

human body is shown in the Table 2. 

Table 1 Main sources of some heavy metal wastewater [1] 

 

Heavy metal ions not only do harm to human health, but also do harm to living things in nature. In 

freshwater or marine aquatic organisms is sensitive to the metal ions in water, even if will also pose 

a threat to its very low concentration of heavy metals in natural water bodies as long as there is can 

produce toxic effects, the scope of the general toxicity of heavy metals to produce about 1 ~ 10 

mg/L, strong metal such as mercury, cadmium toxicity produce toxic concentration range is between 

0.001 ~ 0.01 mg/L; Metal ions in soil or irrigation water can have an adverse effect on plant growth, 

accumulating in the leaves or roots of plants and affecting the entire food chain [3]. 

 

 

 

Type of wastewater                          Main sources 

Wastewater 

containing Copper 

 

Wastewater 

containing Nickel 

 

Wastewater 

containing Zinc 

 

Wastewater 

containing Lead 

 

Wastewater 

containing Cadmium 

 

 

Wastewater 

containing Chromium 

 

 

Wastewater 

containing Arsenic 

Organic synthesis, pesticides, dyes, rubber, key, chemical, 

nonferrous metal mining and smelting industries 

 

Electroplating, battery manufacturing, silver alloy production, 

nonferrous metal mining and smelting industries 

 

Electroplating, chemical industry, leather making, nonferrous metal 

mining and smelting and other industries 

 

Electroplating, battery recovery, tanning, chemical industry, 

nonferrous metal selection and smelting and other industries 

 

Electroplating, coating, plastic, printing, pesticide, ceramics, 

photography, nonferrous metal mining and smelting, cadmium 

compound industry 

 

Electroplating plants and workshops for the manufacturing industry 

of machinery, aviation instruments, electrical appliances and medical 

instruments for the production of chromates and chromium trioxide 

 

Fur, glass, wood, pigments, coatings and pesticides and other 

industries 
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Table 2 the harm of heavy metals for human health [2] 

 

1.2 Chromium pollution 

Chromium, discovered by French scientists in Paris in 1798, is in the VIB group of chemical 

elements in the periodic table. Six valence electrons are involved in bonding, so the highest 

oxidation state is Cr (VI), and it has many characteristics of oxidation state [3]. 

The common oxidation states of chromium are Cr (III) and Cr (VI), which are mostly found in the 

form of chromite in nature. Cr (III) is the common stable state of chromium and widely exists in 

biological bodies. Moreover, it can combine with biological proteins on the skin surface to form 

stable complexes. So it generally does not cause dermatitis or ulcers and does little harm to 

organisms. Metal chromium and its alloys will not cause poisoning, chromium compounds are prone 

to toxic effects, among which Cr (VI) with strong oxidation is the most toxic, 100 times more than 

Heavy metals                    Harm for human health 

 

Copper 

 

 

Nickel 

 

 

 

Zinc 

 

 

 

Lead 

 

 

 

 

Cadmium 

 

 

 

Chromium 

 

It causes dermatitis and eczema, and can cause skin necrosis when 

exposed to high concentrations of copper compounds. Make hemoglobin 

denaturation, affect the normal metabolism of the body, leading to 

cardiovascular diseases. 

Cause all sorts of dermatitis, chronic overdose ingestion or overdose 

exposure, can cause cardiac muscle, brain, lung, liver and kidney 

degenerative change. 

Zinc is an essential element of human body. Normal people take zinc 

10~15mg from food every day, but excessive zinc can cause acute 

gastroenteritis symptoms, such as nausea, vomiting, abdominal pain, 

diarrhea, accompanied by dizziness, fatigue. 

Invade the hematopoietic system, nerve tissue and kidney of the person, 

cause neurasthenia thereby, Small red cell anemia and hypohemoglobin 

anemia encephalopathy and nephropathy change; It is harmful to the 

nervous system, digestive system and cardiovascular system. 

Entering the respiratory tract can cause pneumonia, emphysema; Action 

on digestive system causes gastroenteritis; Cadmium poisoning is often 

associated with anemia, excess accumulation in the bones will make the 

bones huaibate, deformation, fracture, atrophy, cadmium poisoning can 

also cause cancer. 

Trivalent chromium compounds are almost nontoxic and necessary for 

humans and animals. Hexavalent chromium compounds have strong 

oxidation and carcinogenicity. 
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Cr (III). Because Cr (VI) has strong oxidation, long-term intake will lead to cancer, sarcoma, 

diaphragm perforation, laryngitis, pneumonia and other diseases, has been listed as a carcinogen by 

toxicologists [4]. 

According to the Chinese Academy of Environmental Sciences in 2017, the soil of five chemical-

contaminated plots distributed in different regions in east China, south China, central China, north 

China and northwest China was studied [5]. Studies have shown that Cr in soil in northwest and 

north China is mainly in the form of Cr (VI), which is 3 times of the national standard and shows 

high toxicity. 

College of Bioscience and Biotechnology, Hunan Agricultural University made a detailed report on 

trends and health risks of dissolved heavy metal pollution in global river and lake water from 1970 

to 2017 [6]. The results indicate that chrome-related cancers exceeded risk levels in all five 

continents in the 1970s, 2000s and 2010, and in Africa, Asia and North America throughout 1970 - 

2017. Mining and manufacturing were significant sources of chromium pollution from 1970 to 2017, 

but there are still significant differences across continents. Sewage control measures show that 

Europe's response has succeeded in controlling heavy metal pollution, but in other continents, heavy 

metal pollution remains a serious problem. 

1.3 Methylene blue pollution 

With the rapid development of dye and printing and dyeing industry, a large number of wastewater 

containing dye is discharged into the water body, which accounts for more than 10 % of the total 

discharge of industrial wastewater, and is one of the most major water pollution sources at present 

[7]. This pollution inhibits photosynthesis and growth of aquatic plants, which reduces dissolved 

oxygen in the water and damages aquatic ecosystems. Moreover, many dyes have toxic and 

carcinogenic, mutagenesis effects [8]. 

Methylene blue is the main raw material of chemical indicator, dye and biological indicator its 

molecular formula is C16H18CIN3S, its structure is shown in the figure 1, and its molecular weight 

is 320 g/mol, which is easily soluble in alcohol. The chemical structure of methylene blue shown as 

following Figure 1:  
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Figure 1 Structure of Methylene blue[8] 

Methylene blue is an industrial dye and fungicide used in leather, textiles and pharmaceuticals. 

But excessive use of methylene blue can be harmful to the environment and the human body. 

The main harm of methylene blue are residues, strong toxicity, resulting in deformity and high 

carcinogenicity. 

1.4 Development and present situation of banana 

Due to the low cost, wide access to biomass adsorbent and the secondary utilization of resources, 

biosorbent has become more and more attention in the treatment of industrial wastewater. 

As a very popular tropical fruit in human daily life, bananas can be found in supermarkets and 

markets, according to the data analysis of the FAO (Food and Agriculture Organization of the United 

Nations) production yearbook[9, 10]: in 1960, the total output of bananas, oranges, grapes, apples 

and mangoes and other five main fruits was 106 million tons, of which the output of plantain 

accounted for 14.2 % (15 million tons), ranking the third, the same position as that of apple. 

According to the United Nations statistics report on bananas in 2017, it shows the global banana 

production from1960 to 2017, in 1970, bananas accounted for 18.8 % (31 million tons) of the total 

output of 165 million tons, ranking the third and surpassing apples. In 1980, among the total output 

of 231 million tons, the total output of bananas accounted for 26.4 % (61 million tons), ranking 

second only to grapes 29.0 % (67 million tons). In 1990, the total banana output was 71 million tons, 

and in 1995, the banana output was second only to citrus, with a total output of 76 million tons. It 

can be seen that the output of banana in the world showed a straight line rise from 1960 to 1995, 
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and kept the second to the third place in the total output of major fruits in the world. In the past 30 

years, the total output of banana increased by more than 4 times. The changes of global banana 

consumption between 1961 and 2015 can be shown in Figure 2:  
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Figure 2 Global banana consumption [9, 10] 

 

The results shown in Table 3 can be obtained by purchasing 10 bananas of different sizes from the 

supermarket for weight test by experiment. 

Table 3 the percentage of mass of banana peel done by experiment 

SAMPLE   1  2 3 4 5 6 7 8 9  10 

WEIGHT%  33.5  36.8 38.9 37.4 31.6 29.8 44.1 35.7 28.6  33.8 

As can be seen from the proportion of banana peel in the table above, the data in the experimental 

results were similar to the weight content of 40 percent in the references [11]. So more than one 

third of the annual banana yield is inedible waste. But in addition to the above peel waste, banana 

growing produces a lot of agricultural waste such as discarded bananas and bananas that rot in transit. 

In one growing season, banana stalks produce about 450 tons of waste per hectare. The global 

banana planting area is shown in Figure 3: 
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Figure 3 Global banana acreage [10] 

It can be seen that the banana output every year is accompanied by a large number of agricultural 

and forestry wastes. How to use these wastes efficiently and environmentally has become a problem. 

By the way this also shows that banana peel waste has a wide range of sources. 

1.5 Uses of banana peels 

By analyzing fresh banana peel, the main substances in banana peel are cellulose (16.62 %), 

hemicellulose (7.34 %), lignin (4.01 %), fructose and tannin [11]. 

As can be seen from the above, a large amount of banana peel waste is produced every year. In order 

to make better use of banana peel, Disney implemented a set of banana peel recycling process among 

several entertainment companies, and 14 tons of banana peel waste can be obtained every day [12]. 

At the same time, we can also get the banana peel waste in our daily life by sorting and recycling. 

Collected banana peel waste can be used in many ways. In the research of Xianhua Liu and Feng 

Dong et al. [13], the biological galvanic cell is made from banana peel and the peak power density 
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of it can reach 16.12 W/m2 under the condition of 3 mol/L KOH solution and 22.04 g/L reduction 

sugar. Their reaction mechanism of their research is shown below: 

 

Figure 4 Electricity generation from banana peels in an alkaline fuel cell with a Cu2O-Cu modified 

activated carbon cathode. [13] 

In the research of Lucia Oritiz and Eva Dorta et al. [14], banana peel extract acts as an antioxidant 

in freshly squeezed and concentrated fruit juices. In their research, adding 5 milligrams of banana 

peel extract per milliliter of orange juice does not significantly alter the physical and sensory 

properties of the juice, at the same time that can improve to free radical scavenging ability of the 

body. These results confirm that banana peel is a promising natural additive, which can increase the 

ability of scavenging free radicals, as well as give juice an odor and physicochemical properties 

acceptable to consumers. 

In agriculture, banana peel as animal feed also has a good development prospect. In the research of 

Diuly Bortoluzzi Falcone and Leiia Oicolli da Silva et al. [15], the paper details the use of banana 

peels instead of corn and other grains to rise animals for saving food in developing countries. 

Economic analysis showed that adding banana peel (BP) to rabbit diet could reduce the cost. When 

BP was added, 1.80 %, 4.3 % and 8.10 % cost savings were achieved in diets with 25 %, 50 %, 75 % 

and 100 % BP diets, respectively. The study showed that the daily feed intake, weight gain and feed 

conversion rate of the 5 treatments were all similar, but there was a tendency to reduce the feed 

conversion rate in the final stage (p=0.13). No animals died during the experiment. There was no 

difference in carcass yield (CY) and meat content between the 5 treatments. This proves that banana 

peel also has a good application prospect in agricultural feed. 
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In some small scale industrial applications, banana peel is used as a cheap and readily available 

biosorbent to adsorb various heavy metal ions. In the research of Jamil R. Memon and Muhammad 

I. Bhanger et al. [16], the study describes the use of banana peel, a commonly produced fruit waste, 

for the removal of Cr (VI) from industrial wastewater. The parameters pH, contact time, initial metal 

ion concentration, and temperature were investigated. However, this paper describes the banana peel 

without chemical modification, which is unstable in physical properties and easy to absorb water 

and expand. Ashraf Ali and Khalid Saeed et al. [17] modified banana peel by grafting 

copolymerization with sodium chlorate, glacial acetic acid and acrylonitrile as raw materials. The 

adsorption capacity of the modified banana peel was increased nearly three times, to about 240 mg/g 

at room temperature However, the modification process of graft copolymerization is complicated 

and the raw material cost is relatively high. 

Therefore, banana peel adsorbent has a great future in the adsorption of heavy metal ions and dye. 

Considering the poor physical properties of unmodified banana peel, some chemical modification 

of banana peel is beneficial to improve the stability of adsorbent, at the same time, the chemical 

modification can make the banana peel have better adsorption property. However, although the 

complex modification process can improve the adsorption ability of adsorbent, it often increases the 

difficulty of operation and the production cost of adsorbent, which increased the costing of the 

industrial application of laboratory samples. 

1.6 Focus of the project 

The project is aim to design and synthesis of chemically-modified biosorbents for the removal of 

anionic metals and dye then the thermodynamics and kinetics of the process are studied. 

Firstly, the biomass adsorbent as the initial modified raw material need to be found before starting 

the research. 

Secondly, the objects to be adsorbed need to be confirmed in order to understand their presence in 

the solution. 

Thirdly, according to the adsorbed object to confirm the modified way, to prepare the modified 

adsorbent with better adsorption performance than the raw material. 
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Finally, the results of the adsorption process were obtained by Simulation and computational 

analysis of mathematical models then the kinetic and thermodynamic parameters of the reaction 

process were deduced. 

Chromium and methylene blue, as heavy metals and dyes commonly used in industry, because of 

the high toxicity of them, how to deal with their discharge has become a very important industrial 

problem. Therefore, Cr (VI) and methylene blue were selected as adsorption objects in this project. 

And as mentioned above, bananas are one of the three most productive fruits in the world, banana 

peels are very easy to recycle and obtain as banana agricultural and forestry waste. At the same time, 

because banana peel contains a lot of effective adsorption ingredients that can be used as raw 

materials. Moreover, the absorption of Cr (VI) and methylene blue with fresh banana peel as 

modified raw materials has been relatively little studied. 

In this project, the common fruit waste banana peel as raw material, through chemical modification 

to prepare biosorbents, used for adsorption of heavy metal ions and dye solution. The main aims of 

this study include the following aspects: 

(1) The chemical modification for the cellulose and lignin in banana peels with different 

concentration of sulfuric acid was studied. Under the action of sulfuric acid at a certain 

temperature and concentration, the hydrogen bond between cellulose, hemicellulose and lignin 

molecules will be broken, making them become individual molecules. At the same time, 

modification of sulfuric acid can make lignin in banana peel form sulfate lignin, thus improving 

the adsorption ability of heavy metal ions [18] Figure 5 shows the way in which lignin binds to 

2 - valent metal ions. 

(2) The banana peel was pretreated with sodium hydroxide and modified with ferric chloride and 

magnesium chloride. The purpose of pretreatment with sodium hydroxide is to make 

esterification reaction between organic matters in banana peel. The modification of chloride is 

to make magnesium ion and iron ion replace the active sites of effective functional groups on 

banana peel. Thus the performance of ion exchange principle in actual adsorption is studied. 
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Figure 5 the process of binding lignin in plants to 2-valent metal ions [18] 

(3) As for the preparation process of adsorbent, this study explored the process of chemically 

modified banana peel from different reactants concentration, reaction time and reaction 

temperature, so as to obtain the most suitable preparation conditions for preparing modified 

banana peels. 

(4) For the adsorption process, the optimal conditions of the adsorption process were studied by 

changing the solid-liquid ratio, pH and initial concentration of the solution in the adsorption 

experiment. 

(5) Langmuir, Temkin, Freundlich and other models were used to fit the adsorption experimental 

data, so as to explore the adsorption mechanism and theoretical maximum adsorption capacity 

of modified banana peel. 

(6) By using kinetic model fitting and thermodynamic parameters calculation, the kinetics and 

thermodynamics of the adsorption process were studied, so as to explore the proportion of 

physical adsorption and chemical adsorption in the adsorption of metal ions and dyes by 

modified banana peel, as well as the influence of temperature on the adsorption reaction. 

(7) The samples were tested by BET, FTIR, AAS, UV-Vis, and other characterization methods to 
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analyze the adsorption process and compare it with the theoretical calculation results. 

Before this Thesis, many people had carried out experiments on banana peel adsorption dyes and 

heavy metal ions [17, 19-21]. The adsorption of methylene blue and Cr (VI) by modified banana 

peel also was studied. However, there are some differences between this study and previous studies: 

(1) In previous articles, most of the banana peel was carbonized at high temperature to make 

biological activated carbon adsorbent, while in this experiment, fresh banana peel was dried 

and chemically modified to make fresh adsorbent. 

(2) In some studies, the structure and chemical composition of banana peel were changed by 

grafting copolymerization after pretreatment. This study is based on the presence of cellulose, 

lignin, tannin, fructose and other substances in banana peel. Through the use of different 

concentrations of sulfuric acid modification to destroy the hydrogen bond between their 

molecules, so as to strengthen their binding ability with dye and heavy metal ions. On the other 

hand, modification with chloride and sodium hydroxide can not only make the organic matter 

in banana peel produce esterification reaction, but also replace the active site on the original 

functional group with metal ions to change its structure, so as to improve the adsorbent's 

adsorption phase ratio and anti-water absorption expansion ability. 

(3) Compared with the low adsorption concentration range (10 – 100 ppm) in some studies, this 

study has a larger concentration gradient (10 – 500 ppm), so as to better study the 

characterization of modified banana peel adsorption dyes and heavy metals. 
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Chapter 2: Literature review 

2.1 Common treatment methods for wastewater containing heavy 

metals in industry 

Heavy metal pollution is a kind of accumulative and chronic pollution, which is the most dangerous 

potential hazard in the water pollution. Due to its persistence, biological enrichment and 

amplification, heavy metal pollution has attracted the attention of environmentalists all over the 

world. Because of different types of heavy metals, different pH values of wastewater, and different 

forms of heavy metals in the solution, treatment methods are also different. 

At present, the wastewater treatment methods that have been developed and widely used are mainly 

chemical, physical and biological [22-24]. 

2.1.1 Chemical method 

Neutralization and precipitation 

The principle of precipitation method is to add an appropriate amount of alkali solution in the 

solution of heavy metals, carry out neutralization reaction, making heavy metals into hydroxide 

precipitate form to separate. Generally, for heavy metal wastewater without complexes, satisfactory 

results can be achieved with lime reagents such as alkaline lime (CaO), slash-lime (Ca(OH)2) and 

dolomite (CaMg(CO3)2) [25]. 

This method has the advantages of simple operation, safety, low cost and good water removal. But 

in practice, the following points should be noted [25]: 

(1) After neutralization and precipitation, the   of the waste water increases and can only be 

discharged after neutralization and treatment; 

(2) When the wastewater contains a variety of amphoteric heavy metal ions (Pb, Sb, Al), the metal 

precipitate will be redissolved with the increase of pH; 

(3) Anions (Cl-, CN, etc.) in wastewater can form complexes with some heavy metals, and 

pretreatment is required before precipitation 

(4) When the volume of some heavy metal sediments is small and difficult to precipitate, flocculant 

is added to assist the precipitation. 
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(5) The chemical precipitation method is a mature method with a long development time. It is still 

being widely used in all over world. 

 

REDOX  

The REDOX of heavy metal ions to the desired valence state is carried out by adding certain oxidant 

or reductant to the wastewater. Commonly used oxidants are liquid chlorine, air, ozone; commonly 

used reductants are iron scrap, copper scrap, sodium bisulfite [26].  

At the same time, some metals can achieve autocatalytic oxidation and reduction. In the study of Lu 

Chaoyang, Lin Feng et al. [27], they established a Fe-Cu catalytic reduction system to study the 

catalytic effect of copper on iron-carbon micro-electrolysis and Fenton oxidation, the experimental 

results show that the total removal rate of copper ions can reach 94.5 % to 98.8 % under the best 

reaction conditions. 

In practical application, the oxidant or reductant which is cheap and easy to obtain should be 

considered. 

(1) To make the products low or non-toxic; 

(2) Avoid secondary pollution; 

(3) The reaction pH should not be too low or too high. 

At present, REDOX is generally used for wastewater pretreatment. 

Electrochemical method  

Electrochemistry is a method of REDOX reaction [22-24].in which the solution is in contacting with 

the positive and negative electrodes of the power source. When the metal wastewater is desorbed, 

the heavy metal ions in the wastewater are reduced by gaining electrons in the cathode. 

These heavy metals or precipitation on the surface of the electrode fire precipitation to the bottom 

of the reaction tank, thereby reducing the heavy metal content in the wastewater. 

However, this method consumes a lot of energy and is only suitable for treating wastewater with 

high concentration of heavy metals. 

2.1.2 Evaporation method 

The method is to heat the wastewater under normal pressure or reduced pressure to make the solvent 

water evaporate and thus concentrate the wastewater. This method is simple to operate, does not 
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need chemical reagents, has no secondary pollution, can recycle water or valuable heavy metals 

with good environmental benefits. 

However, this process has the advantages of high energy consumption, high operating cost and 

strong impurity interference. Generally used as an auxiliary treatment for other methods. 

2.1.3 Membrane separation 

The technique uses a special semi-permeable membrane to separate or concentrate the solvent and 

solute under external pressure without changing the chemical morphology of ions in the solution. It 

mainly includes reverse osmosis, ultrafiltration, electrodialysis, liquid membrane and so on. The 

main problem of this method is that the membrane components are expensive and the membrane is 

easy to be polluted during the operation, which will lead to the decrease of the pass rate and affect 

the removal rate [22-24]. 

2.1.4 Adsorption method 

Adsorption [22-24] is a process of treating wastewater with adsorbent. Solid surface has the ability 

to absorb water dissolution and colloidal substances, specific surface area of activated carbon has a 

higher adsorption capacity, can be used as adsorbent. Adsorbents can be divided into physical 

adsorption and chemical adsorption. 

If adsorbent and adsorbed material is through the intermolecular force (van der Waals force) and 

adsorption, called physical adsorption; if the adsorption process is a chemical interaction between 

adsorbent and adsorbed substance, forming a new chemical bond and adsorption, called 

chemisorption. 

Ion exchange is actually a form of adsorption. Physical adsorption and chemical adsorption are not 

incompatible and can occur concomitant with the change of conditions. But only one kind of 

adsorption is dominant in a system. In sewage treatment, several adsorbents are often used together. 

There are many kinds of adsorbents, commonly used is activated carbon and humic acid adsorbents. 

In recent years, biosorbents has gradually become a research hotspot. 

2.1.5 Conclusion 

It is obvious from the discussion of the above adsorption process, traditional industrial methods 

have a remarkable effect in removing high concentrations of metal ions. However, they also have 

obvious disadvantages, such as high energy consumption or expensive processing, and are not 

suitable for removing low concentrations of heavy metal ions from solutions. To solve this problem, 
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we need to find an effective and low-cost way to treat the low concentration of heavy metal ions in 

wastewater. Bioorption is a good way to obtain raw materials from the waste agricultural and 

forestry by-products, and after chemical modification, it can achieve the purpose of waste disposal. 

2.2 Research progress of biosorbents 

2.2.1 Biosorbents and their sources 

The separation of heavy metal ions and nonmetallic compounds in water systems by biological 

(living, dead, or their derivatives) is generally defined as biosorption, any biological or biological 

preparation of derivatives that have the ability to separate metals from solutions are collectively 

referred to as biosorbents [28]. 

Some adsorbents can adsorb a variety of metals and have a wide adsorption range; others exhibit 

high selectivity by adsorbing only one or one type of metal. The class of biosorbent can be found in 

following Table 3: 

Table 3 the class of biosorbents [29] 

Adsorbent type（Class） Biosorbents 

Bacteria Bacillus subtilis, cyanobacteria, SPP（zoogloea ramigera） 

Yeast Cerevisiae, candida, cerevisiae 

Mold Aspergillus flavus, aspergillus oryzae, trichoderma, budding 

enzymes 

The algae Brown algae, anabaena, chlorella, kelp, sargassum 

Natural organic matter Cellulose, lignin, starch, chitosan 

Waste agricultural and 

forestry by-products 

 

Peel of fruit, husk, residue of plant, leaf debris 

According to studies, both living and dead organisms have a strong ability to absorb heavy metals 

[30]. 

Therefore, biorbents are not limited to living organisms. Non-living organisms, including dead algae, 

and abundant natural substances [31-34], such as starch, cellulose, agricultural and forestry by-

products, and fruit residue. That of raw materials are also considered as biological adsorbents with 

considerable potential. 

Physically, natural substances and agricultural by-products are mainly composed of lignin, cellulose, 

hemicellulose, pectin and protein. They have similar chemical compositions to microorganisms and 

can be used as adsorbents for metal cations and metal ion hydrates [35, 36]. 
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Due to the wide source and low cost of natural materials, they have a good application prospect in 

wastewater treatment. 

2.2.2 Adsorption mechanism of biosorbents 

Due to the difference of biosorbent and adsorbed metal ions, the adsorption mechanism of biological 

adsorbent is relatively complex. 

Non-living organisms mainly rely on surface adsorption, while living organisms have both surface 

adsorption and active adsorption, the main mechanisms are: surface complexation, ion exchange, 

electrostatic adsorption and REDOX [37]. These mechanisms may act independently or 

simultaneously under different adsorption conditions and environments, depending on the 

conditions and environment of the adsorption process [38].  

1. Ion exchange  

Ion exchange is a process in which metal ions bound to cellular materials are replaced by other metal 

ions that bind more strongly. In Dhakal et al. 's study [39], when the modified orange peel adsorbed 

heavy metal ions, the pH value of the adsorbed solution decreased, indicating that the heavy metal 

exchanged with H+ on the surface of the orange peel during the adsorption process.  Bardy et al. 

[40] found that when Pb2+ and Cu2+ were adsorbed by less active rhizopus, Ca2+, Mg2+ and H+ on 

the adsorbent were exchanged into the solution, and the exchange capacity increased with the 

increase of heavy metal adsorption. However, when exploring the quantitative exchange 

relationship between released ions and adsorbed heavy metal ions, the results are not satisfactory. 

The mechanism of ion exchange is a very complex process, and the cause of this process has not 

yet been accurately explained, which needs further exploration. 

2. Surface coordination mechanism 

In addition to ion exchange mechanism, heavy metal ions can also combine with nitrogen, oxygen, 

phosphorus and sulfur in the major crown energy groups on the surface of biosorbents to form 

complexes. Coordination is the main mechanism of adsorption of most biomass adsorbents. 

When an organism is exposed to a solution, the first contact with the metal ions is the cell wall, and 

the chemical composition and structure of the cell wall determine the properties of the metal ions 

that interact with it. In biosorbents, the main functional groups bound with metal ions are carboxyl, 

hydroxyl, amino, and sulfate groups. 
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In YU et al. Study [41] found that the esterification products of carboxyl content there is a good 

linear relationship with the metal adsorption capacity and adsorption of Cu2+ ions after the infrared 

spectra of significant deviation, carboxyl of vibration peak (C=O from 1738 to 1630 cm-1 C-O 

changed from 1238 to 1415 cm-1) the migration mainly metal ions and the carboxyl oxygen atoms 

in the result of coordination complex. By comparing the XPS spectra before and after, this 

conclusion can be confirmed. 

His modification and coordination reactions are shown in Figure 6 below: 

 

Figure 6 the synthetic route to EDTAD-modified biomass and metal ions bonding to the EDTA moieties 

[41] 

3. REDOX 

The valence metal adsorbs on the reductive adsorbents, and the REDOX reaction may occur. 

In Parajuli's study [42], persimmon peel was adsorbed from chloride solution, and it was found that 

persimmon peel could reduce Au3+ to Au [43-45]. Other studies have found that mimosas, Green 

tea and other plant adsorbents can recover gold from solution by REDOX mechanism [46]. 

In general, the adsorption process of biomass adsorbent is the result of multiple adsorption 

mechanisms, and the process is complicated. If the adsorption mechanism can be thoroughly studied, 

it has important guiding significance for the development of simple and efficient adsorption 

materials, optimization of operating parameters and improvement of adsorption process. 



 
 26 / 142 

 

2.3 Selection of raw materials in modification  

The modification experiments are mainly divided into two mechanisms: one is to change the 

molecular structure of banana peel by breaking the hydrogen bonds in it, and the other is to complete 

the adsorption by ion exchange mechanism. 

2.3.1 Sulfuric acid modified 

In the REDOX and adsorption mechanism, concentrated sulfuric acid dehydrates many organic 

compounds (especially sugars such as cellulose and sucrose). In the reaction, the ratio of hydrogen 

and oxygen atoms in the water molecule is (2 : 1) [47]. Sulfuric acid is undoubtedly the best raw 

material for breaking intermolecular hydrogen bonds. However, because concentrated sulfuric acid 

is too dehydrating, concentrated sulfuric acid will excessively destroy the components of banana 

peels, so it needs to determine the reaction time, reaction temperature, and concentration of sulfuric 

acid through a series of experiments. The acid modified sample can be referred to as ABP (Acid 

modified banana peels) for short 

2.3.2 Ions modified 

When using metal ions to modify banana peel, the following points need to be considered: 

1. The metal ions used cannot be heavy metal ions that cause contamination, and the modified 

waste liquid will not cause secondary pollution. 

2. The metal ions used in the modification must have a certain affinity with the free functional 

groups on the pretreated banana peel, otherwise it would cause the waste of raw materials. 

3. Considering the relationship between cost and yield, the modified metal ions used should not 

be expensive metals. 

From the above several conditions, Na+, K+ and Mg2+ ions are the most suitable, they are non-toxic 

metal ions, and have a good affinity with free carboxyl groups in banana peels [48-50]. The chemical 

reactions that occur are as follows [48, 49]: 
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Gala − COOC𝐻3 + 𝑁𝑎𝑂𝐻 ↔ 𝐺𝑎𝑙𝑎 − 𝐶𝑂𝑂− + 𝐶𝐻3 − 𝑂𝐻 + 𝑁𝑎+ 

𝐺𝑎𝑙𝑎 − 𝐶𝑂𝑂− + 𝐾+ ↔ 𝐺𝑎𝑙𝑎 − 𝐶𝑂𝑂−𝐾+ 

2𝐺𝑎𝑙𝑎 − 𝐶𝑂𝑂− + 𝑀𝑔2+ ↔ 2(𝐺𝑎𝑙𝑎 − 𝐶𝑂𝑂−)𝑀𝑔2+ ↓ 

R − OH + 𝑁𝑎+ ⋰ 𝐾+ ↔ 𝑅 − 𝑂− − 𝑁𝑎+ ⋰ 𝐾+ + 𝐻+ 

2R − OH + 𝑀𝑔2+ ↔ 2(𝑅 − 𝑂−)𝑀𝑔2+ +  2𝐻+ 

Gala stands for pectin, R stands for cellulose, lignin and hemicellulose. 

However, the chemical valence of sodium ions and potassium ions are both 1, and it is difficult to 

form complexes on the surface of banana peel while combining with free functional groups (as 

Figure 5 shown) to change the intermolecular structure in the skin. Therefore, in conclusion, 

magnesium ions are selected as modified metal ions. 

The esterification reaction can release more free groups (-OH and –COOH)  from the banana peel, 

but magnesium hydroxide is a weak base, so the reaction requires the pretreatment of the banana 

peel with sodium hydroxide and the modification with high concentration magnesium chloride. 

In order to explore whether the affinity between metal ions and free groups had an effect on 

adsorption, Fe3+ was used as the control group. The modified banana peel can be referred to as 

NEBM and NEBF (NaOH and ethanol pretreat banana peels with Mg2+ and Fe3+) for short. 

2.4 Parameters of adsorption experiment 

1. pH 

The pH of the solution is an important factor affecting the biosorption process. It can not only affect 

the surface charge of the adsorbent, but also affect the presence of heavy metal ions and dyes in the 

solution. 

At low pH, H3O
+ competes with the metal cation for adsorption sites and prevents the dissociation 

of the active groups on the adsorbent. However, low pH is favorable for the adsorption of heavy 

metal ion chromium in the form of anion. At high pH, heavy metal cation will be in the form of 

insoluble oxide, hydroxide particles, so that the adsorption process cannot be carried out [48, 49]. 

Therefore, the optimal adsorption pH of different heavy metal solutions and dye solutions needs to 

be determined through experiments.  

2. Particle size of samples 
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The size of adsorbent particles has a significant effect on the adsorption process. According to the 

study, at a high equilibrium concentration (over 1000 ppm), the adsorption capacity of large particle 

size adsorbent (0.84 ~ 1.00 mm) on all kinds of metals exceeded that of small particle size adsorbent 

(0.105 ~ 0.295 mm) [48] 

Compared with large particle size, functional groups of small particle size adsorbents are more likely 

to be exposed to the surface and contact with heavy metal ions and dyes in solution. Meanwhile, 

small particle size adsorbents have good pressure resistance [51]. Considering various factors, the 

optimal particle size of adsorbents in the experiment should be 0.2 - 0.5 mm. 

I should add that before this study, relevant scholars have clearly studied and explained the particle 

size of unmodified banana peel [48], so in this study, relevant experimental supplements for the 

selection of sample particle size are no longer carried out. 

3. Contact time 

Adsorption time is an important factor affecting adsorption efficiency. Sufficient adsorption time 

can make the adsorption reach equilibrium and effectively remove heavy metal ions and dyes in the 

solution. 

In general, biosorption needs 2 - 24 hours or longer to achieve the ideal effect, the reaction time is 

affected by many conditions, and the specific adsorption time needs to be determined by the 

comparative experimental results. 

4. The temperature 

Temperature, as the main condition affecting reaction equilibrium, is not so obvious in biosorption 

compared with other conditions. With different biosorbents and different adsorption mechanisms, 

the influence of temperature on the adsorption amount of heavy metal ions and dyes is different, 

which is also reflected in this project. The influence of temperature on the adsorption process 

depends on the exothermic or endothermic reaction during the reaction. 

Generally speaking, increasing the temperature will increase the operating cost. Excessive 

temperature will lead to decomposition of biolsorbents, so in general, high-temperature operation 

should not be used in the biosorption process[52]. 

5. Solid-liquid ratio 
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Solid-liquid ratio refers to the mass of biosorbent used for adsorption of a certain volume of solution. 

Generally speaking, when the volume of solution is constant, changing the solid-liquid ratio means 

changing the mass of the biosorbent. 

With the increase of solid-liquid ratio, the adsorption rate of metal ions and dyes will increase rapidly, 

and then tend to be stable. Therefore the adsorption capacity of adsorbent decreases rapidly with the 

increase of solid-liquid ratio as following formula: 

𝑞𝑒 =
𝑉(𝐶0−𝐶𝑒)

𝑚
      Equation 1 

While qe (mg/g) is equilibrium adsorption; m (g) is the mass of biosorbents; V (L) is the volume of 

solution; Co (ppm) is the initial concentration of solution; Ce (ppm) is equilibrium concentration of 

solution.（When the solvent is water, 1ppm = 1 mg/L） 

Excessive input of biomass adsorbent will lead to higher cost, so it is necessary to confirm the 

optimal release ratio through experiments. 

2.5 Adsorption calculation model 

2.5.1 Basic adsorption calculation formula 

The ability of biosorbents to adsorb ions is q (mg/g) and the adsorption rate Adsorption (%) can be 

calculated by the following formulas: 

Adsorption% =
𝐶0−𝐶𝑒

𝐶0
× 100           Equation 2 

In the formula, V is the volume of the solution (ml), C0 is the initial concentration of the target ions 

of the solution (ppm), Ce is the equilibrium concentration of the metal ions of solution (ppm), and 

m is the mass of the biosorbments (g).  

2.5.2 Adsorption isotherm type 

When the adsorption process reaches equilibrium, the relationship between the equilibrium 

concentration Ce in solution and the adsorption quantity qe on the solid surface can be expressed by 

the adsorption isotherm at a constant temperature. According to the type of adsorption isotherm, the 

surface properties of adsorbent and the interaction between adsorbent and sorbent can be known. 
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Because adsorbents can adsorb solutes as well as solvents, the adsorption of solids in solution is 

relatively complex, so far there is no perfect theory on it. The adsorption isotherm plays an important 

role in the design of adsorption system some conclusions have been drawn in the long-term practice. 

At present, there are many adsorption models, the most commonly used are Langmuir, Freundlich 

and Temkin adsorption models [53-55].  

 

A).The formula of Langmuir can be seen as: 

eL

eL
e

CK

CKq
q




1

max

            Equation 3 

Ce (mg/L) is the concentration of the adsorbate in solution at equilibrium, qe (mg/g) is the adsorbed 

amount at equilibrium, qmax (mg/g) is the maximum amount adsorbed, and KL (L/mg) is the 

Langmuir constant 

In this theory, following assumptions can be made: 

(1) Adsorbent has a limited adsorption capacity (qmax). 

(2) Active sites are identical. 

(3) Absence of interaction between the adsorbed molecules. 

(4) Adsorbate forms a monolayer on the adsorbent surface. 

 

B).The formula of Freundlich can be shown as following. 

𝑞𝑒 = 𝐾𝐹𝐶𝑒
1/𝑛

     Equation 4
 

qe (mg/g) is the adsorbed amount at equilibrium, Ce (mg/L) is the concentration of the adsorbate in 

the solution at equilibrium, kF (mg1−1/nL1/n g−1) is the Freundlich constant, n is the adsorption 

intensity. 

From the original formula, the linear formula can be given as: 

eFe C
n

Kq ln
1

lnln     Equation 5

 

In this theory, the interaction between adsorbed molecules is assumed existed. It is usually used to 

describe the empirical model of heterogeneous adsorption system. If the solid surface is not uniform, 

the exchange adsorption equilibrium constant will be related to the surface coverage. 
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C).The formula of Temkin given by the following expression: 

𝑞𝑒

𝑞𝑚𝑎𝑥
=

𝑅𝑇

∆𝑄
ln (𝐾𝑇𝐶𝑒)  Equation 6 

 

qe (mg/g) is the adsorbed amount at equilibrium, qmax (mg/g) is the maximum amount adsorbed, 

T (K) is the absolute temperature, ΔQ (J/mol) is the variation in adsorption energy and KT (L/mg) 

is the Temkin constant. 

It is also can be changed as: 

𝑞𝑒 = 𝐵𝑙𝑛𝐴 + 𝐵𝑙𝑛𝐶𝑒  Equation 7 

A = 𝐾𝑇               Equation 8 

B = 𝑞𝑚𝑎𝑥
𝑅𝑇

∆𝑄
         Equation 9 

D).The formula of Dubinin-Radushkevich (D-R) [53] Adsorption model can be shown as  

ln𝑞𝑒 = 𝑙𝑛𝑞𝑚𝑎𝑥 − 𝛽𝜀2  Equation 10 

qe (mol/g) is the adsorbed amount at equilibrium, qmax (mol/g) is the maximum amount adsorbed, 

β (mol2/J2) is a constant associated with the adsorption energy and 𝜀  (J/mol) is Polanyi 

potential energy, it can be calculated as: 

ε = RTln(1 +
1

𝐶𝑒
)       Equation 11 

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

Average adsorption energy E (KJ/mol) can be calculated by: 

E =
1

√−2𝛽
                          Equation 12 

The D-R model does not assume that the adsorbent surface is uniform, nor does it assume that 

the adsorption potential is constant. It is based on Polanyi theory, this model can be used to 

distinguish whether the adsorption nature of the whole adsorption system is physical adsorption 

or chemical adsorption. 

E).Discussing  
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In fact, because the adsorption site is not a one-to-one three-dimensional structure, in addition, 

studies have shown that ion exchange is the main adsorption mechanism [56, 57], for example, the 

adsorption of a heavy metal ion requires the release of two protons. Nevertheless, equations 

Langmuir and Freundlich are widely used to fit experimental data. Combining Langmuir equation 

with ion exchange mechanism, the ion exchange mode is obtained [56]. Since many biological 

adsorbents contain H+ or Na+, K+, Mg2+, etc., ion exchange mode can better explain the adsorption 

process.  

The ion-exchange model differs from other models in that it is assumed that all adsorption sites that 

can bind to metal ions are occupied before adsorption, B is for adsorbent, the ion exchange mode 

can be expressed as: 

BH + 𝐴+ ↔ 𝐵𝐴 + 𝐻+ 

Its equilibrium constant can be expressed as： 

K =
[𝐵𝐴][𝐻+]

[𝐵𝐻][𝐴+]
= 𝐾𝐴𝐷𝑆[𝐻+]                           Equation 13 

Compared with the Langmuir adsorption model, this model can better explain the adsorption 

mechanism, but it cannot explain the influence of environmental factors (pH of solution, ion strength) 

on the adsorption [50, 58, 59]. 

However, none of the above models can completely and accurately describe the mechanism of 

biological adsorption, and the study of the mechanism is of great help to the establishment of the 

model. In order to establish a mathematical model close to the real adsorption behavior, it is 

necessary to conduct more in-depth study and discussion on the mechanism of adsorption, and to 

cut the proportion of adsorption mode lock and the reaction relationship. In conclusion, the 

adsorption model is based on a thorough understanding of the different adsorption mechanisms. 

2.5.3 Main thermodynamic parameters 

According to the calculation method of thermodynamic parameters commonly used by Saltal [60-

62] et al., the calculation formula of thermodynamic parameters is shown as follows. 

The calculation formula of G  is as follows: 
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∆G = −RTln𝐾𝐷    Equation 14 

R is the gas constant (8.314 J/mol*K), T is the absolute temperature (K), which can be calculated 

by the following equation: 

𝐾𝐷 = 𝑞𝑒/𝑐𝑒     Equation 15 

Qe is the equilibrium adsorption amount of heavy metal adsorbent in solution (mg/g), Ce is the 

residual metal ion concentration in the equilibrium solution(mg/L), The relationship of HG  ，

and S  is as follows. 

∆G = ∆H − T∆S Equation 16 

𝑙𝑛𝐾𝐷 =
∆𝑆

𝑅
−

∆𝐻

𝑅𝑇
  Equation 17 

 

Plot 1/T with lnKD，The slope and the intercept of the line give us H  and S . Then get G  

from formula 17 

G ~Adsorption free energy（kJ/mol）; S ~Change in entropy during adsorption（J/mol*K）;

H ~Enthalpy change during adsorption (kJ/mol). 

2.5.4 Kinetic of adsorption 

The kinetic study can not only estimate the adsorption rate, but also predict the reaction mechanism, 

deduce the rate expression and establish an appropriate kinetic model 

The appropriate kinetic model can fit the experimental process well, and the calculated kinetic 

parameters have important practical significance for the technical application. 

Experimental data are usually evaluated by pseudo-first-order, pseudo-second-order and Elocivh 

kinetic models. 

A).Pseudo-first-order kinetic models [63] 

The pseudo-first-order kinetic model proposed by Lagergren is expressed as follows： 

ln(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑛𝑞𝑒 − 𝑘𝑡         Equation 18 
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Where qt is the amount of metal ions adsorbed by biological adsorbent at t time (mg/g); qe is the 

adsorption capacity at adsorption equilibrium (mg/g); k is the rate constant of a pseudo-first-order 

kinetic equation. 

B).Pseudo-second-order kinetic models [64] 

Both the pseudo-second-order kinetic model and the pseudo-first-order kinetic model assume that 

the difference between adsorbent's adsorption quantity qt and equilibrium adsorption quantity qe at 

time t is the driving force of adsorption. And the adsorption rate is directly proportional to the 

driving force (pseudo-first-order kinetic model) or the square of the driving force (pseudo-second-

order kinetic model). 

Therefore, the mathematical expression of the quasi-second-order dynamic model is as follows: 

𝑑𝑞𝑡

𝑑𝑡
= 𝑘(𝑞𝑒 − 𝑞𝑡)2

    Equation 19 

Integrate equation 19 by boundary condition when t=0, qt=0; t=t; qt=qt 

So it can be write as following equation 20: 

1

𝑞𝑒−𝑞𝑡
=

1

𝑞𝑒
+ 𝑘𝑡2      Equation 20 

So: 

𝑡

𝑞𝑡
=

1

𝑘𝑞𝑒
2 +

𝑡

𝑞𝑒
            Equation 21 

Where, k is the rate constant of the pseudo-second-order kinetic equation (g/ (mg*min) or (g/ (mg*h). 

2.5.5 Discussion  

By calculating the parameters of the isothermal adsorption model, the adsorption mode followed by 

the adsorption process can be obtained, and the mechanism of adsorption can be predicted. The 

relation between adsorption process and temperature can be known by calculating the 

thermodynamic parameters. By calculating the kinetic model parameters, the driving force and 

reaction rate controlling the adsorption process can be known. 
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2.6 Commonly used methods of characterization analysis 

1.  FTIR 

Fourier Transform Infrared Spectrometer (FTIR Spectrometer). It is different from the principle of 

dispersion type infrared spectroscopic, interference is based on the principle of Fourier transform 

infrared light after the development of infrared spectrometer, is mainly composed of infrared light 

source, aperture, interferometer (beam splitter, moving mirror, fixed mirror), sample room, all kinds 

of infrared detectors and mirrors, laser, control circuit and power supply. It can be used for 

qualitative and quantitative analysis of samples, and it is widely used in the fields of pharmaceutical 

and chemical industry, geological mining, petroleum, coal, environmental protection, customs, 

gemstone appraisal, criminal investigation appraisal and so on[65]. 

Fourier transform infrared spectrometer consists of Michelson interferometer and computer. 

The main function of Michelson interferometer is to divide the light emitted by the light source into 

two beams to form a certain optical path difference and then combine them to produce interference. 

The interference graph function obtained contains all the frequency and intensity information of the 

light source. 

By using a computer to Fourier transform the interferogram function, the intensity distribution of 

the original light source in terms of frequency can be calculated. 

It overcomes the disadvantages of dispersion spectrometer such as low resolution, small light energy 

output, narrow spectral range and long measurement time. 

It can not only measure the absorption and reflection spectrum of all kinds of gas, solid and liquid 

samples, but also can be used for short time chemical reaction measurement. 

At present, infrared spectrometer is widely used in electronics, chemical industry, medicine and 

other fields. 

 

The basic principle of FTIR 
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The light emitted by the light source is divided into two beams by a beam splitter (similar to a semi-

mirror), one beam passing through the transmission to the moving mirror and the other beam passing 

through the reflection to the fixed mirror. 

The two beams of light are reflected by the stationary mirror and moving mirror respectively and 

then returned to the beam splitter. The moving mirror moves in a straight line at a constant speed, 

so the two beams of light divided by the beam splitter form optical path difference and produce 

interference. 

After the beam splitter rendezvous, the interference light passes through the sample pool, and after 

passing through the sample, the interference light containing sample information reaches the 

detector. Then, the signal is processed by Fourier transform, and finally the infrared absorption 

spectra of transmittance or absorbance with wave number or wavelength are obtained. 

 

 

Figure 7 the basic principle of FTIR [65] 

The main features 

(1) High signal-to-noise ratio 

The Fourier transform infrared spectrometer USES fewer optical elements and has no grating or 

prism spectrometer, which reduces the loss of light and further increases the light signal through 
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interference. Therefore, the radiation intensity reaching the detector is large and the signal-to-

noise ratio is high. 

(2) Good reproducibility 

Fourier transform infrared spectrometer USES the Fourier transform to process the light signal, 

avoiding the error caused by the electric-driven grating splitting, so the reproducibility is good. 

(3) Scanning speed 

Fourier transform infrared spectrometer is carried out in accordance with the full wave data 

acquisition, the spectrum is the result of data collection for many times the average, and complete 

a complete data collection only need one to a few seconds, while the dispersion type instrument 

need KVL testing only a very narrow range of frequencies, a complete data collection need ten 

minutes to 20 minutes [65]. 

2. BET 

BET, (a kind of test method, the name comes from the famous BET theory, is three scientists 

(Brunauer, Emmett and Teller) acronym, three scientists from classical statistical theory formula is 

deduced based on multilayer adsorption, the famous BET equation, became the particle surface 

adsorption scientific theory foundation, and is widely used in the study of particle surface adsorption 

performance and related testing instrument of data processing. 

BET test theory is based on the multi-molecular layer adsorption model proposed by Brunauer, 

Emmett and Taylor, and derives the relationship equation between single-layer adsorption Vm and 

multi-layer adsorption V, namely the famous BET equation. BET equation is based on the theory of 

multi-layer adsorption, which is closer to the actual adsorption process of substances, so the test 

results are more accurate. By measuring the adsorption capacity of multi-layer under different 

nitrogen partial pressure in 3-5 groups of samples measured, P/P0 was taken as the X-axis and P/V 

(p0-p) as the Y-axis, the slope and intercept of the line were obtained by linear fitting based on the 

BET equation, and then the Vm value was obtained to calculate the specific surface area of the 

samples measured. Theory and practice show that when the P/P0 point is within the range of 

0.05~0.35, the BET equation is consistent with the actual adsorption process, and the graph is very 

linear. Therefore, the actual test point is selected within this range. [66] 
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The operating procedure of BET experiment is similar to that of direct comparison method. The 

difference is that BET method needs to calibrate the volume and size of the actual amount of 

nitrogen absorbed by the sample, and the theoretical calculation method is also different. 

BET method is widely used in the world to determine specific surface area, with high accuracy and 

reliability of test results, especially suitable for scientific research institutions. 

When the tested sample has a strong ability to absorb nitrogen, the single-point BET method can be 

adopted. The test speed is the same as that of the direct comparison method, and the test result has 

little error compared with the multi-point BET method. 

BET test method: put the sample into a system filled with N2 gas, and physical adsorption occurs 

on the surface of the material at the temperature of liquid nitrogen. 

When the physical adsorption is in equilibrium, by measuring the adsorption pressure at equilibrium 

and the flow rate of the adsorbed gas, the adsorption amount of the single molecular layer of the 

material can be calculated, and the specific surface area of the sample can be calculated. 

BET equation for specific surface area calculation is as follows [66]: 

     Equation 22 

Where, P is the partial pressure of nitrogen; P0 is the saturated vapor pressure of nitrogen at the 

temperature of liquid nitrogen. V is the actual adsorption capacity of the sample; Vm is the saturated 

adsorption capacity of nitrogen monolayer. C is a constant related to the adsorption capacity of the 

sample. 

3. Elemental analysis [67] 

In 1897, scientists Max Dennstedt report a simple method of organic element analysis, for the papers 

published “Uber Vereinfachung der organischen Elementaranalyse” adopted from Heraeus's 

Platinum smelter (Heraeus Platinum Smelting Factory) to produce high quality high purity quartz 

glass and Platinum, and will soon be applied to the analysis of carbon and nitrogen. 

In 1923, the [[Fritz, at the end of the lattice (Fritz Pregl)]] won the Nobel Prize in chemistry, in 

recognition of its contribution in the organic compounds, trace analysis, the research USES is 

heraeus's company dedicated element analysis instruments, now have been isolated from heraeus's 
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element analysis department, set up independent Elementar Analysensysteme GmbH, focus 

CHONS element analysis. 

Organic elemental analysis first appeared in the 1830 s, Liebig combustion method established by 

the determination of carbon and hydrogen in the samples of two kinds of element content, he will 

first sample sufficient combustion, carbon and hydrogen is converted into carbon dioxide and water 

vapour respectively, and then with potassium hydroxide solution and calcium absorption, 

respectively according to the absorption tube change respectively to calculate the weight of the 

content of carbon and hydrogen. 

At present, the general analysis method of elements includes chemical method, spectral method and 

energy spectrum method, among which chemical method is the most classical analysis method. 

The traditional method of chemical element analysis is short of analyzing time and workload.With 

the continuous development of science and technology, automation technology and computer 

control technology are becoming more and more mature. The automatic instrument of organic 

element analysis first appeared in the 1960s, after continuous improvement, equipped with 

microcomputer and microprocessor for condition control and data processing, the method is simple 

and rapid, and has gradually become the main method of element analysis. 

At present, the common detection methods of organic element analyzer mainly include differential 

thermal conductivity, reaction gas chromatography, electric quantity method and conductance 

method. 

4. TGA [68] 

Thermogravimetric Analysis (TG or TGA) is a Thermogravimetric Analysis technique that 

measures the relationship between the quality of the sample to be tested and the temperature change 

under programmed temperature control. It is used to study the thermal stability and components of 

the material. TGA is a commonly used test method in research and development and quality control. 

Thermogravimetric analysis is often combined with other analytical methods in actual material 

analysis to conduct comprehensive thermal analysis and analyze materials comprehensively and 

accurately.  

Thermogravimetric analysis can usually be divided into two categories: dynamic and static. 
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(1) Static method: including isobaric mass change measurement and isothermal mass change 

measurement. Isobaric mass change measurement is a method to measure the balance between 

mass and temperature under constant volatile partial pressure under programmed temperature 

control. 

The measurement of isothermal mass change is a method to measure the relationship between 

mass and pressure under the condition of constant temperature. 

This method is accurate but time consuming. 

(2) Dynamic method: it is commonly known as thermogravimetric analysis and micro-entropy 

thermogravimetric analysis. Micro entropy thermogravimetric analysis is also called the 

derivative thermogravimetric analysis (Derivative Thermogravimetry, DTG), it is TG curve on 

the first derivative of temperature (or time). The DTG curve is obtained by plotting temperature 

T (or time T) with the mass change rate (dm/dt) of the substance. 

5. UV-VIS 

UV-vis spectrophotometry is a method for the determination of absorbance of substances within the 

wavelength range of 190 ~ 800nm, which is used for identification, impurity inspection and 

quantitative determination. [69] 

When light passes through the solution of the measured substance, the absorption of light varies 

with the wavelength of light. Therefore, by measuring the absorbance of a substance at different 

wavelengths and drawing the relation between its absorbance and wavelength, the absorption 

spectrum of the substance measured can be obtained. From the absorption spectrum, you can 

determine the maximum absorption wavelength lambda Max or the minimum absorption 

wavelength lambda min. The absorption spectrum of a substance is characteristic of its structure. 

Thus, substances can be identified by comparing the spectrum of the sample within a specific 

wavelength range with that of the control or reference, or by determining the maximum absorption 

wavelength, or by measuring the absorption ratio at two specific wavelengths. When used for 

quantification, the absorbance of sample solution with a certain concentration is measured at the 

maximum absorption wavelength and compared with the absorbance of control solution with a 
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certain concentration or the concentration of sample solution is calculated by using absorption 

coefficient method. 

Principle is as follows:  

When the monochromatic light radiation passes through the solution of the measured substance, the 

amount absorbed by the substance within a certain concentration range is directly proportional to 

the concentration of the substance and the thickness of the liquid layer (the length of the light path). 

The relationship can be expressed as follows by lambert - beer law: 

t

rt

I

I
A

IIII

lg

lg 0

a0





  Equation 23 

When the intensity of incident light is I0, the intensity of absorbed light is IA, the intensity of 

transmitted light is It, and the intensity of reflected light is Ir. Because the reflected light is weak, its 

effect is negligible 

 

Figure 8 the working principle of UV-VIS [69] 

The selective absorption wavelength and the corresponding absorption coefficient are the physical 

constants of the material. Under certain conditions, the absorption coefficient of the substance is 

constant and is independent of the intensity of incident light, the thickness of absorption pool and 

the concentration of the sample. When the absorption coefficient of a pure substance under certain 

conditions is known, the test substance can be mixed into a solution under the same conditions to 

determine its absorbance, and the content of the substance in the test substance can be calculated 
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from the above equation. In the visible region, in addition to some of the material absorption of light, 

a lot of material itself did not absorb, but can be added under certain conditions, or after treatment 

to make its color after the determination, it is also called colorimetric analysis. 

6. AAS [70] 

Atomic Absorption Spectroscopy (AAS), also known as atomic spectrophotometry, is an 

instrumental analysis method that is based on the Absorption of characteristic spectral lines by the 

ground-state Atomic vapor of the elements to be measured.  

 

Figure 9 AAS workflow diagram 

Atomic absorption spectrometry (AAS) is based on the fact that gaseous atoms can absorb a certain 

wavelength of light radiation and cause electrons in the outer layer of atoms to jump from the ground 

state to an excited state. 

Due to the different energy levels of the electrons in the various atoms, they will selectively 

resonance absorb a certain wavelength of radiation, which is exactly the wavelength of the emission 

spectrum after the atoms are excited. 

When the light emission characteristics of a certain wavelength of light through the atomic vapor, 

namely the frequency of the incident radiation is equal to the atomic transition by the electrons in 

the ground state to the upper state (generally is the first excited state), the energy needed to power 

frequency outer electrons of the atoms will selectively absorb the characteristic spectrum emitted 

by the same elements, the incident light. 
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The degree of attenuation of the characteristic spectral line due to absorption is called absorbance 

A, which is proportional to the content of the measured element within the linear range: 

A = KC         Equation 24 

Where K is a constant; C is sample concentration; K contains all the constants. 

This formula is the theoretical basis of quantitative analysis by atomic absorption spectrometry 

Since atomic energy levels are quantized, atoms are selective in absorbing radiation in all cases. The 

resonance absorption lines of each element have different characteristics due to the different atomic 

structure and the arrangement of outer electrons, and the different energy absorbed by the elements 

when they transition from the ground state to the first excited state. 

This can be used as a qualitative basis for the element, and the intensity of absorbed radiation can 

be used as a quantitative basis. AAS has become one of the most widely used quantitative analysis 

methods for inorganic elements. The method is mainly applied to the analysis of trace and trace 

components in samples. 
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Chapter 3: Experimental materials and 

methods  

3.1 Reagents and instruments for experiments 

3.1.1 Experimental reagents 

Chemical reagents are required for the experiment were shown as following Table 4 

Table 4 Chemical reagent of experiment 

Reagent Chemical Formula Grade Producers 

Hydrochloric acid HCl 

Analysis of 

pure 

Sigma-Aldrich 

Sulfuric acid H2SO4 Sigma-Aldrich 

Sodium hydroxide NaOH VWR  Chemicals 

Anhydrous ethanol CH3CH2OH 

Laboratory Supplies & 

Instruments Ltd 

Methanol CH3OH 

Laboratory Supplies & 

Instruments Ltd 

1,5-

Diphenylcarbazide C6H5(NH)2CO(NH)2C6H5 Lancaster Synthesis 

polyformaldehyde （CH2O)n Sigma-Aldrich 

Potassium 

dichromate K2Cr2O7 Sigma-Aldrich 

Magnesium 

chloride MgCl2 VWR  Chemicals 

Ferric chloride FeCl3 VWR  Chemicals 

Aluminium chloride AlCl3 VWR  Chemicals 

Potassium chloride KCl VWR  Chemicals 

Methylene blue C16H18ClN3S VWR  Chemicals 

Distilled water H2O  

 

3.1.2 Experimental instruments 

Main experimental instruments were shown in the table 5. 

Experimental glassware: Conical flask, beaker, triangular funnel, measuring pipette, volumetric 

flask, measuring cylinder, test tube, UV colorimeter, glass bottle, glass mixer rod. 
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Table 5 Instruments of experiments 

The name of the instrument Producers 

Magnetic electric heating and stirrer Biocote 

Electronic analytical balance Adventurer OHAUS 

Drying oven Davidson & Hardy LTD 

Oscillator Gerhardt 

Press Specac 

Precise pH meter Thermo Scientific 

Scanning Electron Microscopy (SEM) Oxford Ex-ACT 

X-ray powder diffraction (XRD) Panalytical 

Tristar 3020 Brunauer–Emmett–Teller  (BET) Micromeritics 

Analyst 100 Atomic Absorption Spectroscopy 

(AAS) Perkin Elmer 

PE2400CHNS Elemental Analysis (CHNS) Perkin Elmer 

DSC / TGA 1 Star Thermogravimetric Analysis 

(TGA) Mettler Toledo 

Fourier Transform Infrared (FTIR) Perkin Elmer 

Lambda 800 Ultra Violet Visible Spectrometer 

(UV-Vis) Perkin Elmer 

 

3.2 Experimental methods 

3.2.1 Preparation of chemically modified adsorbent 

Weigh the pretreated banana peel powder, then modified by sulfuric acid, sodium hydroxide, 

magnesium chloride and ferric chloride. After washing, filtration and drying, different kinds of 

chemically modified biosorbents were obtained. 



 
 46 / 142 

 

3.2.2 Adsorption experiment 

Design ideas 

In a 25 ml glass bottle, a certain mass of modified biomass adsorbent and a certain volume of metal 

ion solution and dye solution are added proportionally. Then the bottle is sealed to prevent the liquid 

volume from changing during the experiment. After it, put the glass bottle into the oscillator and 

vibrate until it reaches the predetermined adsorption time. After the reaction, the samples were 

filtered and the concentration of metal ions and dyes in the filtrate was determined by ultraviolet 

spectrophotometer. The experimental process is shown in the Figure 10: 

 

Figure 10 Experimental flow chart 
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It can be conclude as following experiments:  

(1) pH determination of solution 

The solution containing Cr6+ or Methylene blue were mixed in proportion, and the initial pH of 

the solution was adjusted within the range of 1 - 12. The solution was subjected to constant 

temperature shock for 3 days, followed by filtration, finally the concentration of remaining 

ions/dyes in the solution was determined. 

(2) Effect of temperature on adsorption efficiency 

Taking 200ml solution containing Cr6+ or Methylene blue in the beaker then adding the same 

mass of biosorbments. A total of five control groups were set, one of groups was placed at room 

temperature the other four groups were heated to 30 degrees Celsius, 40 degrees Celsius, 50 

degrees Celsius, and 60 degrees Celsius. Five groups of samples were taken at different time 

periods (0 - 72h). After that the concentration of residual metal ions/dyes in the solution was 

determined after dilution. 

(3) Effect of solid-liquid ratio 

Taking 20ml solution containing certain concentration of Cr6+ or Methylene blue, then adjust 

pH and add different mass of biosorbent. After shaking at room temperature of 25 degrees 

Celsius for 3 days, filter, finally determined the concentration of remaining substances in the 

solution 

(4) Kinetic experiment  

Take 200ml solution containing Cr6+ or Methylene blue in the beaker then adding the same mass 

of biosorbent, then adjusting the pH. Samples were sampled at different intervals during 0 - 72 

hours. Finally determined concentration of ions and dyes. 

(5) The effect of initial ion concentration in solution 

Taking solution with a same volume (The initial Cr6+ or Methylene blue concentration range of 

20 – 200 ppm) mixed with the biosorbent of the same quality, and the pH was adjusted. At last 

the residual ion concentration in the solution was determined after shaking at room temperature 

for 3 days. 

(6) Desorption and cyclic adsorption experiments 

Separating the biosorbment from the solution after the adsorption experiment, and diluted HCl 
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solution was added to the biosorbent for desorption. Filtration after shaking the sample at room 

temperature for a day, finally washing it to neutral and drying. The adsorbent after regeneration 

was weighed and continued to be used for next adsorption experiments. 

The experimental data needed by this project can be obtained through the above experiments and 

the calculation simulation can be carried out. 

3.2.3 Preparation of Cr6+ solution and Methylene blue 

solution 

The following formula can be used for the configuration of a standard solution of 1000ppm (When 

the solvent is distilled water, 1ppm=1mg/L): 

𝐶1 =
𝑚

𝑉
              Equation 25 

C1 is the concentration of the standard solution, m is the mass of solutes (mg) and V is the volume 

of solvents (L).  

After preparing the standard solution, the required concentration can be obtained by diluting the 

standard solution. The dilution formula is as follows: 

𝑉𝐼 =
𝐶2𝑉𝑇    

𝐶1
                   Equation 26 

VI is the volume of the standard solution need to be taken (L), C1 is the concentration of standard 

solution equals to 1000ppm, C2 is the concentration of solution to be needed (ppm) and VT is the 

volume of diluent (L). 

3.2.3.1 Preparation of Cr6+ solution 

(1) Preparation of 1000 ppm Cr6+ standard solution: 2829.1 mg potassium dichromate was dissolved 

in distilled water, then transferring it to 1000ml volumetric flask, diluting it to standard line with 

distilled water, and shake well. 

(2) Dilution of standard solution: 10 ml, 20 ml, 50 ml, 75 ml, 100 ml, 200 ml, 300 ml, 400 ml and 

500 ml of standard solution was taken respectively into 1000 ml volumetric flasks, and diluted with 
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distilled water to prepare a solution of 10 ppm, 20 ppm, 50 ppm, 75 ppm, 100 ppm, 200 ppm, 300 

ppm, 400 ppm and 500 ppm. 

3.2.3.2 Preparation of Methylene blue solution  

(1) Preparation of 1000 ppm Methylene blue standard solution: Taking 200 ml methylene blue 

standard solution (10000 ppm) produced by MITO LAB shown as figure 11 and put it into a 

volumetric flask of 2000 ml. Add distilled water and dilute it to the standard line. Shake it well. 

 

Figure 11 Methylene blue standard solution (10000ppm) produced by MITO LAB 

(2) Dilution of standard solution: 10 ml, 20 ml, 50 ml, 75 ml, 100 ml, 200 ml, 300 ml, 400 ml and 

500 ml of 1000 ppm Methylene blue was taken respectively into 1000ml volumetric flasks, and 

diluted with distilled water to prepare a solution of 10 ppm, 20 ppm, 50 ppm, 75 ppm, 100 ppm, 

200 ppm, 300 ppm, 400 ppm and 500 ppm. 

3.2.4 Determination of Cr6+ and Cr3+ 

In order to determine the concentration of Cr6+ by Ultraviolet Spectrophotometry, a chromogenic 

agent should be added to the adsorbed solution as a medium. In this program, 1, 5-

Diphenylcarbazide was used as chromogenic agents, the principle of it is in an acidic medium, it 

can complexed with Cr6+ to produce fuchsia complex. The maximum absorption wavelength of this 

fuchsia complex is 540 nm [71, 72]. The chemical formula of the reaction can be expressed as Figure 

12. 
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Figure 12 Chemical formula of the reaction between Cr6+ and 1, 5-Diphenylcarbazide 

The concentration of Cr3+ in the solution can be determined by Atomic absorption spectrometry 

(AAS).  

Atomic absorption spectrometry (AAS) is the direct inhalation of a sample or a processed sample 

into a flame, atoms formed in the flame absorb the characteristic electromagnetic radiation. The 

absorbance of the measured sample is compared with that of the standard solution to determine the 

concentration of the measured elements in the sample. 

Compared with the above two kinds of detection data, the adsorption process of biosorbents can be 

analyzed more clearly. 

3.2.4.1 Preparation of 1, 5-Diphenylcarbazide solution 

Dissolving 1, 5-Diphenylcarbazide about 250mg into 50 ml of methanol. Then add 250 ml of 5.5 % 

H2SO4 (contains 14 ml of 98 % H2SO4) into above solution. Next it was diluted with distilled water 

to 500 ml. It can be used for several days until the color appears in this very clear solution. The 

structure of 1, 5-Diphenylcarbazide was shown in figure 13. 

 

Figure 13 Chemical formula for 1, 5-Diphenylcarbazide [72] 

3.3 Equipment of chemical characterization and methods 

1. FTIR 

The powder of banana peel before and after modifying and the modified banana peel powder after 

adsorption were analyzed by infrared spectroscopy. 

A small number of samples were taken and placed in an agate mortar, and high purity potassium 

bromide was added. After being fully ground, transparent slices were pressed by a press, and the 

infrared spectrum was determined with a scanning range of 400 – 4000 cm-1. 
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Figure 14 the instrument of FTIR 

 

Figure 15 the instrument of KBr tablet press 

3. BET 

A sample of 0.2 g was taken and placed in the instrument, the reaction temperature was set (The 

reaction temperature was got by TGA), nitrogen was injected, pressure was applied, and the surface 

area of the sample was measured. This test is completed by submitting to ASEP 

 

Figure 16 the instrument of BET 
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4. CHNS 

2mg sample the instrument may be used in either CHN or CHNS modes. Options include the ability 

to control the amount of O2 added before and after sample drop, and during the dynamic combustion 

phase. This test is completed by submitting to ASEP 

 

Figure 17 the instrument of CHNS 

5. Atomic absorption spectrometry (AAS).  

Take 1ml of the adsorbed solution and dilute it with 9ml of water. Inject the diluted solution into 

AAS and burn it. 

The concentration of residual chromium ions in the solution can be measured by comparing the 

AAS result of chromium ion standard solution. 

In this test, the lamp in the instrument is first changed to a specific lamp which can test Cr ions. 

Then 100ppm chromium solution (analysis pure) was injected into the instrument and burned, after 

a short time a reading data can be got. Next the diluted chromium solution is injected into the 

instrument tube and burned. The chromium concentration of the diluted sample can be obtained by 

comparing the readings of the two burns. 

 

Figure 18 the instrument of AAS 

6. TGA 
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Take 20 mg samples, and put them in the Standard system with autosampler, set the temperature 

between 30 ℃ and 600 ℃ to finish thermogravimetric analysis. This test is completed by submitting 

to ASEP. 

 

Figure 19 the instrument of TGA 
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Chapter 4: Sulfuric acid modified banana 

peel study on kinetics and thermodynamics 

of chromium adsorption 

4.1 Introduction 

The main components of banana peel are cellulose and lignin. These macromolecular structures 

contain a lot of hydroxyl groups, this causes a large number of hydrogen bonds to form between and 

within molecular chains, and it reduces the reactivity of adsorbent to some extent. The main purpose 

of dilute sulfuric acid is to destroy the existing hydrogen bond structure within the molecule. 

Lignin can reduce Cr (VI) to Cr (III) [73] in acidic conditions. The total adsorption and reduction 

reaction of Cr (VI) is shown in the Figure 20 below, which is just one of the possible connection 

modes. It can also be linked with adjacent hydroxyl and carboxyl groups through various 

combinations.

 

Figure 20 Reaction between Chromium and lignin [73] 

Concentrated sulfuric acid is a solution of sulfuric acid in a concentration greater than 70 percent. 

Concentrated sulfuric acid has a strong water dehydrating ability, which will cause great changes in 

the molecular structure of organic compounds and carbonize them [47]. 

During the experiment, when the concentration of sulfuric acid used is more than 70 percent, 

paraformaldehyde can be added to the solution. On the one hand, paraformaldehyde hydrolyzes into 

formaldehyde under acidic conditions, which can be used as a protective agent in the modification 

process to prevent carbonization of experimental samples [47]. On the other hand, there are high 
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amount of soluble phenols (which can turn the water in yellow) and tannins. These ingredients are 

unstable in the adsorption environment, so they need to be condensed and fixed to the banana peel. 

Formaldehyde condensation is the most commonly used condensation reaction. In acidic conditions, 

the polyphenolic acids and tannins in banana peels can condense with formaldehyde. This changes 

the structure of the molecules, allowing tannins and phenols to bind tightly on the banana peel, thus 

improving adsorption efficiency [47]. 

4.2 Preparation of sulfuric acid modified biosorbent 

4.2.1 Pretreatment 

Firstly, take five fresh banana peels from banana, then washing them at least five times by distill 

water until there is no white pulp suspended in the water. 

Secondly, cut fresh banana peels into about 1cmx1cm pieces, then drying them in an oven at 65 C 

for 24 hours. The drying banana peel pieces was shown in following Figure 21. 

 

Figure 21 Drying banana peel pieces 

4.2.2 Preparation of ABP 

10g of pretreated banana powder were put into a 200 ml conical flask, 100 ml of H2SO4 

(50%).Setting three control groups.  
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Due to the high temperature, banana peels are easy to be carbonized by sulfuric acid, the yield of 

raw materials will be greatly reduced when the reaction time exceeds 5 hours after testing. So the 

conditions of the control group are set as follows. 

In the first group, the conical flask with samples was placed in a water bath maintained at 50 C, 

continuously stirring for 24 hours. The solids were filtered and washed with distilled water to a 

neutral pH, followed by drying in fume cupboard for 72 hours. The resultant material will be named 

as ABP (Acid modified banana peel) hence forth. 

In the second group, changed the temperature from 50 C to 90 C, and keep everything else same. 

In the last group, the reaction time was change from 24 hours to 5 hours, and keep everything else 

same. 

The black solid was collected after modified called ABP. Yield of the process was about 68 %, the 

structure can be found in following Figure 22. 

 

Figure 22 ABP 

Adsorption of hexavalent chromium solutions with different concentrations by using ABP prepared 

under three different conditions, the result can be found is following Figure 23. 

It can be seen that high temperature is more conducive to the preparation of ABP with high 

adsorption efficiency.  

As can be seen from the results, on the one hand, the adsorption capacity of ABP prepared at 90 

degrees Celsius can reach 195 mg/g which is about 60 mg/g more than that prepared at 50 degrees 

Celsius. On the other hand, although the reaction time is shortened, ABP prepared at high 

temperature has better adsorption capacity. This shows that the effect of temperature on the result is 

greater than the reaction time.  
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Figure 23 Comparison of ABP adsorption performance under different modified conditions 

After comparison of the control group, the preparation conditions of ABP used in subsequent 

experiments were 90 degrees Celsius and the reaction time was 5 hours. 

4.2.3 Preparation of ABP-C 

In order to investigate the effect of sulfuric acid concentration on experimental samples, 75 % high-

concentration sulfuric acid was used to modify the experimental samples. However, when the 

sulfuric acid concentration exceeds 73 %, most samples will be carbonized during the reaction, so 

a certain protective agent needs to be added. 

Formaldehyde is a commonly used protective agent, which can not only prevent the banana peel 

from being over-carbonized during the reaction process, but also condenses with the tannin 

molecules and polyphenolic acids on the banana peel to form acetal and semi-acetal under acidic 

conditions [73]. Because the effect of temperature is far greater than the effect of reaction time, in 

order to protect the sample, the reaction temperature is selected to be 50 degrees and the reaction 

time is 5 hours. The specific preparation process is as follows: 
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10g of pretreated banana powder wad transferred put into a 200 ml conical flask, 100 ml of H2SO4 

(75 %) was added followed by 3.6 g of paraformaldehyde powder. The conical flask was placed in 

water bath maintained at 50 C, continuously stirring for 5 hours. The solids were filtered and 

washed with distilled water to a neutral pH, followed by drying in fume cupboard for 72 hours. The 

resultant material will be name Acid modified banana peel (ABP-C) hence forth. The yield of the 

process was about 58%. 

4.2.4 BET analysis 

The Surface Area (m2/g) of modified banana peel was tested by BET, and the results were shown in 

the following table: 

Table 6 BET results of BP and ABP 

   BP ABP  

Surface Area(m2/g)  0.0363 0.0507  

Obviously, the surface area of the banana peel modified with sulfuric acid increased significantly, 

nearly 1.5 times of the original. This is due to the fact that the natural banana peel contains a lot of 

cellulose, lignin and pectin, these macromolecular structures contain a lot of hydroxyl groups, which 

make them form a lot of hydrogen bonds between and within the molecular chains. On the one hand, 

under high temperature, sulfuric acid can break the hydrogen bonds between the molecules in the 

banana peel and within the molecules, so that lignin and cellulose become separate individuals, on 

the other hand, the condensation of tannins under acidic conditions, solidification allows tannins to 

condense inside the banana peel to form larger cage molecules [73]. 

Due to the limitation of equipment and financial constraints, as the specific surface area of the 

sample is close to 0, it is difficult to accurately determine the exact specific surface area. More 

accurate specific surface areas will be further tested in future studies. 

4.2.5 CHNS analysis 

The results of elemental analysis of banana peel samples modified with different concentrations of 

sulfuric acid are shown in the Table7 below: 

(1) Both ABP and ABP-C had slightly higher hydrogen content and significantly lower nitrogen 
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content than the original banana peel. 

(2) The sulfur content of ABP and ABP-C was significantly higher than that of unmodified banana 

peel, this is because the sulfate is fixed to the banana peel, and with the increase of sulfuric acid 

concentration, the sulfur content of the modified samples also increased. 

Table 7 CHNS results of modified banana peels 

  BP ABP ABP-C 

Weight/mg 0.927 1.52 1.913 

Carbon/% 38.78 38.18 40.13 

Hydrogen/% 5.71 6.20 6.01 

Nitrogen/% 1.98 1.18 0.85 

Sulphur/% <0.3 4.92 6.34 

 

4.2.6 FTIR analysis 

The Figure 24 is the FTIR comparison diagram before and after the modification of banana peel. It 

can be clearly seen from Figure 24 that there is almost no difference between ABP and ABP-C in 

the peak value, the difference is only the strength of the absorption peak. Considering the similarities 

between the two, subsequent studies only analyzed the FTIR graph of ABP. 

As can be seen from the Figure 24, the main peak variation is between 1000 - 2000 cm-1, that means 

the modification mainly affected the methoxy group (-OCH3) from lignin and the hydroxyl group 

in phenolic compounds (-OH). These two functional groups are the main functional groups that 

form hydrogen bonds, between and intramolecular, so it can be preliminarily explained that the 

purpose of modification is successful. The specific peak changes are shown in the Table 8 below: 

4.3 Adsorption results of Cr (VI)  

4.3.1 Effect of solution pH on adsorption 

According to the adsorption experiment results of hexavalent chromium by NEBM and NEBF, the 

reaction needs to strictly control the pH of solution between 1 and 2.5, so as to provide a large 

number of hydrogen ions needed to remove Cr (VI).  The presence of Cr (VI) in water will be 
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changed when the pH is lower than 1, so the adsorption pH is the same as that of NEBM and NEBF, 

that is, the pH value is 2. 
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Figure 24 FTIR figure of BP, ABP and ABP-C 

Table 8 specific peak changes of banana peels before and after modified 

Major functional groups BP ABP 

O-H stretch vibration 3400 3424 

C=O stretching vibration in a carboxyl group 1730 1730 

The asymmetric vibration of C=O in -COO- 1592 1613 

The symmetric vibration of C=O in -COO- 1375 1440.36 

C-OH stretching vibration 1023 1029 
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4.3.2 Effect of Solid-Liquid ratio 

It can be seen from the results that the solid-liquid ratio adsorption effect of ABP is similar to that 

of NEBM. When the material input is greater than 0.02 g in 20ml 100 ppm solution (the solid-liquid 

ratio is greater than 1), the removal rate of Cr6+ is close to 100 percent and no significant change 

occurs with the increase of the material input. 

It can be seen from the experimental results of ABP-C shown in Figure 25 that the removal rate of 

it is far lower than that of ABP under the same amount of material input. But again, when the 

material input is greater than 0.02 g in 20 ml 100 ppm solution (the solid-liquid ratio is greater than 

1), the Cr6+ removal rate of samples increased slowly, this may be because in the limited space, 

increasing the amount of material input leads to excessive adsorbent stacking, thus reducing the 

contact area between adsorbent and Cr6+. 

To sum up, in the subsequent experiments, the feeding amount of the two biosorbents was conducted 

according to the solid-liquid ratio of 1. The banana peels can be found in previous studies. 
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Figure 25 Effect of input mass of ABP and ABP-C  
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4.3.3 Effect of temperature of ABP and ABP-C 

In aim to understand the effect of temperature on the adsorption process, three control groups were 

set at 20 °C pairs, 30 °C and 50 °C, respectively, at the same initial pH, feed amount and Cr (VI) 

concentration. 

The results are shown in the Figure 26 below, and it can be concluded that the rise in temperature 

accelerates the adsorption time to equilibrium. At the same time, higher temperature is more 

conducive to Cr (VI) reduction and adsorption in the adsorption process, which is an endothermic 

reaction. 

The thermodynamic parameters of adsorption reaction can be calculated by the experimental results 

as Table 9 to support the theory of it.  

Then plot 1/T with lnKD, he slope and the intercept of the line give us H  and S  shown as 

following Figure 27: 

Table 9 thermodynamic parameters of two samples in adsorption process of Cr (VI) 

Temperature 

ABP ABP-C 

KD G KD G 

K  kJ/mol  kJ/mol 

293 9.26 -5.42 7.08 -4.77 

303 13.94 -6.64 7.99 -5.24 

323 26.99 -8.85 11.34 -6.52 

From the Figure 27 H and S can be calculated by slope and x-y intercept is H and S . 

Hence the Enthalpy change of ABP during adsorption H =27.91 kJ/mol and entropy change 

S =113.86 J/mol*K. 

The Enthalpy change of ABP-C during adsorption H =12.59 kJ/mol and entropy change S

=59.07 J/mol*K. 

4.3.4 Kinetic of adsorption of ABP and ABP-C 

1. ABP 
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Figure 26 the effect of temperature of ABP and ABP-C 
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Figure 27 Plot 1/T with lnKD ABP and ABP-C 

 

Figure 28 Result of kinetic of ABP 
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The adsorption process of Cr (VI) by ABP was simulated by kinetic equations of pseudo-first-order 

and pseudo-second-order, respectively. The results of it can be seen in the following figure 30, and 

the parameter results are shown in the Table 10 below. 

From the Figure 28, it can be seen that, the adsorption process is controlled by both physical 

adsorption and chemical adsorption. So the adsorption process can be divided into the following 

three steps: 

First, the ions in the solution transfer to the adsorbent surface, that is, the membrane diffusion stage; 

Second, the ion from the surface of the adsorbent to the adsorbent internal diffusion process, that is, 

internal diffusion; 

The third is the chemical reaction between the ions in the solution and the active functional groups 

on the adsorbent, that is, the adsorption reaction stage. 

Table 10 Kinetic parameter of ABP 

Kinetic K qe R2 

Pseudo First Order 0.23 89.81 0.99 

Pseudo second Order 0.0025 106.02 0.96 

The first stage of membrane diffusion slope is big, time is short, mass diffusion to the surface of the 

adsorbent adsorption speed quickly, as the surface of the adsorbent adsorption saturation, metal ions 

to the adsorbent pore diffusion inside, with diffusion resistance increases gradually, the diffusion 

rate is reduced, eventually to reach adsorption equilibrium state, so the final stages of slope, the 

smallest converge to zero. 

2. ABP-C 

The same method is used to simulate the dynamics of another raw material. The result can be found 

in following Figure 31 and Table 11. 

It can be seen from the results in the Figure 31 above that the Cr (VI) adsorption results of the two 

samples are similar, so it would not be repeated too much here. 

Table 11 Kinetic parameter of ABP-C 

Kinetic K qe R2 

Pseudo First Order 0.19 88.87 0.99 

Pseudo second Order 0.0019 107.21 0.96 
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Figure 29 Result of kinetic of ABP-C 

4.3.5 Isothermal 

1. ABP 

Langmuir, Freundlich and Temkin were used to simulate the experimental data of ABP, the results 

can be seen in following Figure 30. 

By comparing the coefficient R2, the coefficient of Langmuir is 0.96; the coefficient of Freundlich 

is 0.85; the coefficient of temkin is about 0.91. This indicates that the adsorption process of Cr (VI) 

by ABP conforms to Langmuir monolayer adsorption better than other two. The Isothermal 

parameters of Langmuir can be seen in the Table 12. 

Table 12 the parameter of Langmuir of ABP 

KL qmax R2 

 (mg/g)  
0.24 193.36 0.96 

From the table, it can be found that the the saturated adsorption capacity is 193.36 mg/g. 
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Figure 30 the isothermal results of ABP 

2. ABP-C 

Repeat the same steps to obtain the isothermal adsorption results of ABP-C, as shown in the figure 

31 below:  

Because of the coefficient of Langmuir is 0.98; the coefficient of Freundlich is 0.91; the coefficient 

of temkin is about 0.93. 

Similarly, ABP-C has similar results with ABP, and the Langmuir monolayer adsorption model has 

the best fitting effect in these isothermal model. The parameters of it can be found in following 

Table13: 

Table 13 Result of isothermal 

KL Q  R2 

 (mg/g)  
0.082 162.47 0.98 

It can be seen that the saturated adsorption capacity of ABP-C is 162.47 mg/g, which is lower than 

that of ABP.  
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Figure 31 isothermal of ABP-C 

Overall, combining with the experimental data, it can be known that, no matter in theory or test 

results, the adsorption performance of ABP is better than that of ABP-C. 

4.4 Desorption  

According to the desorption experiment results of pure banana peel by Jamil r. Memon and Saima 

q. [20], the optimal desorption results can be obtained by using 2 mol/L sulfuric acid. 

The adsorbed ABP and ABP-C were washed repeatedly with distilled water and dried in an oven at 

60 degrees for 24 hours. Then they were being desorbed in distilled water and 2 mol/L dilute sulfuric 

acid for one day, finally filter. 

AAS and UV-vis tests were performed on the two desorption solutions, and there was no Cr (VI) 

being detected in the analytical solution using water desorption, but contains only Cr3+. 

UV-vis was used to detect desorption solutions using dilute sulfuric acid desorption, the result of 

desorption rate of ABP and ABP-C were 36 % and 44 %. 
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The results showed that Cr (VI) adsorption process of the two samples included irreversible 

chemical adsorption process, and Cr (VI) was combined with the molecule on the banana peel by 

chemical bonds, indicating that the adsorbent was difficult to be recycled. 

4.5 Adsorption mechanism analysis 

AS the figure 21 of chemical reactions mentioned at the beginning of this chapter, Individual lignin 

molecules can react with Cr (VI), turning it into Cr (III) under acidic conditions and forming 

chemical bonds with it. In addition to chemical reactions with individual lignin and cellulose 

molecules, some studies have demonstrated that Cr (VI) hydrating anions can also bind to amino 

groups on proteins in banana peel [20]. The process can be shown as below: 

HCrO4
− + –NH3

+ → HCrO4
−···NH3+ 

Since Cr (VI) appeared in the desorption solution during the desorption process, it was proved that 

Cr (VI) was directly adsorbed on the adsorbent in the form of hydrated anion. 

At the same time, the banana peel also contains some reductants that can reduce Cr (VI) to Cr (III) 

under acidic conditions, such as polysaccharides, glycoproteins, glucolipids, and nucleic acids [20, 

73]. Therefore, the chemical adsorption process in the Cr (VI) adsorption process includes the 

REDOX process, which can be roughly expressed as: 

HCrO4
-+ H+ + banana peel → HCrO4

−–H+–banana peel 

↓ 

Cr3++H2O+banana peel (oxidized) 

This process can be demonstrated by comparing the FTIR graphs before and after adsorption. 
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Figure 32 FTIR of ABP before and after adsorption 

It can be seen from the figure 32 above that the FTIR changes of the adsorbent before and after 

adsorption are mainly concentrated between 1000and 2000cm-1, which is similar to the modification 

process. 

This indicates that the main functional group changes before and after adsorption are concentrated 

between the hydroxyl group, methoxyl group and carbonyl group, with partial peaks shifting and 

disappearing, and new peaks forming, indicating that during the adsorption process, the reduction 

of Cr (VI) causes the oxidation of some functional groups on the adsorbent, and the increase of -

C=O and –COOH. Then the reduced Cr (III) is combined with the carboxyl hydroxyl group and 

adsorbed on the surface of the adsorbent. 

In summary, the adsorption process of ABP and ABP-C can be summarized as follows: 

1. Cr (VI) was directly adsorbed on the adsorbent in the form of hydrated anion at the positively 

charged adsorption site; 

2. Cr (VI) can be reduced to Cr (III) by lignin and other reductive small molecules in the adsorbent 

under acidic conditions; 
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3. Cr (III) can be adsorbed on the surface of the adsorbent as a complex. 

Cr (III) can use the total chromium concentration minus the concentration of Cr (VI) in solution, 

which can be determined using UV-VIS. 

4.6 Conclusion 

In this chapter, different modified adsorbents of banana peel were prepared with different 

concentrations of sulfuric acid as raw materials at different reaction times and temperatures, and 

their adsorption behaviors of Cr (VI) in aqueous solution were studied. The conclusion can be 

summarized as follows: 

1. The ABP modified in 90 degrees Celsius, reacted for 24hours with concentration of H2SO4 is 

50%. This proves that high temperature is more favorable for sulfuric acid to break the hydrogen 

bond in banana peel, so as to achieve the purpose of modification better. 

2. The main components of banana peel are cellulose and lignin. After sulfuric acid modification, 

the hydrogen bond between cellulose and lignin is destroyed to a great extent analysis by FTIR, 

which greatly improves its adsorption capacity; 

3. The kinetic results show that the adsorption process is controlled by both physical and chemical 

adsorption processes: the diffusion of metal ions in the adsorbent and the REDOX of metal ions 

and the formation of complexes on the surface of the adsorbent; 

4. The effect of temperature on the adsorption process indicates that the adsorption process of Cr 

(VI) by the two adsorbents is endothermic, and the increase of temperature is conducive to the 

rapid reaction to the equilibrium, but the effect of temperature on the adsorption capacity of the 

adsorbent is not significant; 

5. The results of isothermal adsorption showed that the two adsorbents were more compliant with 

the Langmuir monolayer adsorption model. 

6. Desorption experiments showed that there was an irreversible chemical adsorption process in 

the adsorption process of the two adsorbents. Desorption in distilled water indicated that Cr ion 

and functional groups on the surface of the adsorbent were firmly bound together by chemical 

bonds, which made it difficult for the two adsorbents to be recycled. It can be seen from the 

experimental results that the adsorbent after adsorption needs to desorption of part of chromium 
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ions under the action of high concentration of sulfuric acid, which increases the separation cost 

of chromium ions and adsorbent, and increases the difficulty of post-treatment of adsorbent 

after adsorption. 

7. The results of FTIR indicated that both adsorbents had adsorption-reduction mechanism in the 

adsorption process, and the carboxyl group and hydroxyl group on the adsorbent surface were 

the main functional groups in the adsorption process. 

8. Because the adsorption mechanism of ABP and ABP-C is the same, and the adsorption 

performance of ABP is greater than that of ABP-C, only ABP is selected for the adsorption 

experiment of methylene blue. 
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Chapter 5: Sodium hydroxide and metal ion 

modified banana peel: Study on kinetics and 

thermodynamics of chromium adsorption. 

The preparation and adsorption behavior of sulfuric acid modified banana peel were introduced in 

the above. In this chapter, the preparation and adsorption behavior of modified banana peel 

biosorbents based on ion exchange mechanism will be introduced. Different kinds of chlorides and 

sodium hydroxide were used in the experiment. The advantage of chloride modification is that the 

experimental environment is mild and the raw material is cheap. In this chapter, various 

characterization of modified banana peel under chloride modification was studied. Through 

adsorption experiment, the influence of different temperature, time and initial metal ion 

concentration on adsorption process of Cr and MB of modified banana peel was investigated. By 

studying the kinetics of adsorption process and the adsorption isotherm, the effects of different 

modification methods on the adsorption effect were compared. 

5.1 Preparation of chloride modified banana peel 

5.1.1 Pretreatment 

Firstly, the banana peels are sliced into small pieces and washed thoroughly in distilled waste at 

least five times until there are no white pulp in the water. After washing, they were placed in an 

oven with constant temperature at 65 C for 24 hours. When completely dry, grind the peel and the 

particle radius was 0.2 - 0.5 mm [48] which were chosen by different size of sieves shown as Figure 

33. 

Secondly, the banana peel particles were soaked in sodium hydroxide and anhydrous ethanol for a 

while, the purpose of adding anhydrous ethanol is to dissolve the colored molecules in the banana 

peel that do not dissolve in water [49] and Sodium hydroxide can saponify the carboxyl group of 

methyl vinegar on the pectin molecule contained in banana peel [49]. The reaction that occurs is 

shown below: 
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R − COOC𝐻3 + NaOH ↔ R − CO𝑂− + 𝐶𝐻3 + 𝑁𝑎+ 

R-COOCH3 stands for methyl carboxyl group on cellulose, hemicellulose, lignin and pectin. 

The concentration and reaction time of sodium hydroxide can be selected by the following 

experiment. 

(1) Reaction time selection 

Add 50g banana peel powder into five beakers containing 250 ml and 0.5 mol/L sodium hydroxide 

and 250 ml anhydrous ethanol. Stir separately at room temperature for 4 hours, 8 hours, 12 hours, 

24 hours and 48 hours, and the stirring speed is 200 revolutions per minute. After reaction, washing 

the samples by distilled water until neutral, then filtering, drying and grinding them until the particle 

radius is between 0.2mm and 0.5mm. Finally add them in to 10ml and 200ppm Cr6+ solution for 

three days. The result of it can be shown as following figure 35. 

From figure 35, it can be found that he adsorption rate increased with the increasing of reaction time, 

and the trend eased after the reaction time exceeded 24 hours, this is because the banana peel is 

immersed in sodium hydroxide for a long time to form a black colloidal material attached to the 

beaker wall and stirring rod and is difficult to separate, thus reducing the yield. 

pH=2

Initial concentration of Cr(VI)

100PPM

Time/h

0 10 20 30 40 50 60

Y
ie

ld
(%

)

40

50

60

70

80

90

100

R
e

m
o

va
l r

a
te

(%
)

45

46

47

48

49

50

 

Figure 33 effect of reaction time when pretreatment 
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(2) Concentration selection of NaOH 

Keep the other conditions same, change the concentration of sodium hydroxide to 0 (Anhydrous 

ethanol only), 0.5 mol/L, 1 mol/L and 1.5 mol/L. Then modifying banana peels at room temperature 

for 24 hours. After that, washing the samples by distilled water until neutral, then filtering, drying 

and grinding them until the particle radius is between 0.2 mm and 0.5 mm. Finally add them in to 

10 ml and 200 ppm Cr6+ solution for three days. The result shown as following Figure34. 
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Figure 34 Effect of concentration of NaOH 

As can be seen from Figure 34, when the concentration of sodium hydroxide is greater than 1mol/l, 

the adsorption rate increases gently and the yield decreases obviously. 

To sum up, choose 1mol/L of sodium hydroxide to soak the banana peel for 24 hours. 

(3) Discussing 

It can be seen that Cr (VI) removal rate of pretreated banana peel was not significantly improved, 

This is because Cr (VI) exists as anion in the solution with pH = 2, and the increase in the number 

of free functional groups has little effect on the adsorption of negatively charged HCrO4-. But 

pretreatment is necessary because it helps the magnesium ions bind to the surface of the banana peel. 
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Figure 35 shows the result before and after pretreatment. By using isothermal adsorption simulation, 

the qmax of BM (banana peels modified with Mg2+ without pretreatment) is 105.3 mg/g which is 

lower much than NEBM. So the pretreatment is necessary. 
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Figure 35 comparing of Mg2+ modified banana peels before and after pretreatment 

Due to limited experimental conditions, the experiment of BM was not repeated, which may lead to 

certain errors. Other experimental data were repeated for 3 to 5 times. 

5.1.2 Chloride modification 

5.1.2.1 Magnesium chloride modified banana peel (NEBM) 

(1) Modified principle 

Pretreated banana peels were soaked in a high concentration of magnesium chloride solution, the 

purpose of this is to make magnesium ions and free carboxyl ions fully combined, so as to improve 

the adsorption capacity of banana peel. At the same time, magnesium ions can be cross-linked in 

the pectin chain or between pectin chains, enhancing the hydrophobicity of pectin, reducing the 
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hydration and expansion ability of banana peel during long-term adsorption, thus avoiding the 

problems of water absorption and expansion of adsorbent that is difficult to wash and reduce the 

yield [20, 21, 48]. The reaction is as follows: 

(R − CO𝑂−)2 + 𝑀𝑔2+ ↔ (R − CO𝑂−)2 − 𝑀𝑔2+ 

2R − OH + 𝑀𝑔2+ = 2(𝑅 − 𝑂−) − 𝑀𝑔2+ + 2𝐻+ 

R-OH stands for phenolic hydroxyl group on cellulose, hemicellulose, lignin and pectin. 

(2) Magnesium chloride concentration selection 

After washing the pretreated banana peel with distilled water for several times, the peel was put into 

a 65 degree oven for drying for 24 hours then being crushed and sieved. Samples of 20 g were taken 

respectively and put into a 200 ml conical flask. Magnesium chloride solution of a certain 

concentration was added, then it would be stirred at a constant temperature for 24 hours. 

To determine the concentration of magnesium chloride used in the modification, three control 

groups were formed with different concentrations of magnesium chloride (0.5 mol/L; 1mol/L and 

1.5mol/L) named NEBM to adsorb Cr6+ solution from 25 ppm to 200 ppm then using AAS to 

analysis the residual chromium concentration. The results of these can be found in following Figure 

38: 

From the Figure 36, qe and adsorption rate of samples modified in 1 and 1.5 mol/L is higher about 

10 mg/g and 4 % than it modified in 0.5 mol/L magnesium chloride solution. But it is obviously that 

there is no great difference in modified samples between 1.5 mol/L and 1 mol/L. 

Therefore, it can be proved that when the concentration of magnesium chloride is greater than 1 

mol/L, the adsorption capacity of the sample will not change too much. Therefore, magnesium 

chloride of 1 mol/L is used in the experiment for subsequent modification of the pretreatment banana 

peel. The modified banana peel becomes black from white and yellow which are shown as following 

Figure 37 below: 
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Figure 36 Results of NEBM modified in different concentration of magnesium 

chloride 

 

 

Figure 37 Drying banana peel (left) and NEBM (Right) 

5.1.2.2Ferric chloride modified banana peel 

In order to explore the difference of metal ion modification, different modified samples were 

obtained by changing the modified metal ion solution. With all conditions and operation unchanged, 
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1mol/L of magnesium chloride was replaced with ferric chloride solution, the modified sample was 

named NEBF. The dark green sample is shown in Figure 38 below: 

 

 

Figure 38 Sample modified by ferric chloride (NEBF) 

It is worth mentioning that the samples modified by magnesium chloride are much harder than those 

modified by ferric chloride, the dried NEBM is lumpy and NEBF is granular. 

5.2 Characterization analysis 

5.2.1 BET analysis 

The surface area of modified banana skins can be obtained by BET test, Table 14 shows that the 

surface area of the banana peel before and after modifying is nearly to zero. Pretreatment with 

sodium hydroxide reduced the surface area of the peel by nearly five times from 0.0363 (m2/g) to 

0.0077 (m2/g). However, it is obvious that the surface area of the sample increased after the 

modification of magnesium chloride and ferric chloride, and the surface area of the sample modified 

by ferric chloride was larger than that of the unmodified banana peel. This indicates that ethanol 

and sodium hydroxide can act well on the small molecules on the surface of the banana, dissolving 

the small molecules on the surface of the banana peel in water, thus reducing the surface area of the 

sample. The modification of chloride increases the surface area, which indicates that magnesium 

ion and iron ion successfully adhere to the surface of banana peel, thus making the sample surface 

area rise. 
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Table 14 Surface of banana peel before and after modified 

  NEBF NEBM BP Pretreatment 

Surface 

Area(m2/g) 
0.07±0.033 0.1917±0.0216 0.0363 0.0077 

Due to the limitation of the instrument, the deviation range of some data cannot be given, more error 

analysis is expected to be improved in the future research. 

5.2.2 CHNS analysis 

Table 15 shows the data of CHNS of CHNS, it can be found that after ethanol cleaning, the small 

molecules of organic matter on the banana are dissolved, thus significantly reducing the carbon and 

nitrogen content of the banana peel. It can be seen that the carbon content of the pre-treated banana 

peel dropped seriously, but the carbon content of other samples was around 40 percent. This also 

indicates that there is an obvious problem with this data, which may be caused by some operational 

errors. 

Table 15 composition of banana peel before and after modified 

  Pretreatment NEBM NEBF BP 

Weight/mg 2.219 1.99 1.625 0.927 

Carbon/% 19.85 41.83 36.58 38.78 

Hydrogen/% 6.35 5.92 5.01 5.71 

Nitrogen/% 0.56 1.54 1.26 1.98 

Sulphur/% <0.3 <0.3 <0.3 <0.3 

5.2.3 FTIR 

The main components of BP include cellulose, hemicellulose, lignin and pectin, etc. The peak near 

3400cm-1 in the infrared spectrum of BP indicates that there is a large amount of hydroxyl on the 

surface of the adsorbent. The peak near 2920 cm-1 comes from the stretching vibration of the c-h 

bond in CH, CH2 and CH3. The peak near 1730 cm-1 comes from the stretching vibration of the 

C=O bond in the free carboxyl group (-COOH and -COO-CH3). The peaks near 1592 cm-1 and 1375 

cm-1 are due to the asymmetric and symmetric chin of the C=O bond in the ionized carboxyl group(-

COO-). The vibration wind of fatty acid group near 1245 cm-1 May come from the deformation 
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vibration of C=O bond in carboxyl and phenolic compounds and the stretching vibration of -OH 

bond. The peak near 1023 cm-1 comes from the stretching vibrations of the C-OH bonds. 

The FTIR results of NEBF can be shown by figure 41. Changes of main functional groups before 

and after sample modification can be found in Table 16. 

From the Figure 39 we can find that compared with NEBM, the peaks at 3400 cm-1 and 1023 cm-1 

in BP were significantly shifted, indicating that the hydroxyl group in BP was significantly changed 

by the joint modification of NaOH and MgCl2. 

At the same time, the peaks of 1730 cm-1 and 1592 cm-1 in BP were shifted, which indicated that 

the modification changed the ionized carboxyl group[12].They can be summed up in Table.15. 

All the changes in the infrared spectrogram indicated that the hydroxyl group and carboxyl 

functional group on the surface of banana peel changed during the modification process, andthe 

hydroxyl carboxyl group was added to adsorb heavy metal ions in the solution through example 

exchange or coordination, so as to improve the adsorption performance. 
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Figure 39 FTIR of banana peel before and after modified 
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Table 16 Peak shifted of FTIR 

Major functional groups BP NEBM NEBF 

O-H stretch vibration 3400 3386 3415 

C=O stretching vibration in a carboxyl group 1730 1741 1736 

The asymmetric vibration of C=O in -COO- 1592 1614 1529 

The symmetric vibration of C=O in -COO- 1375 1417 1379 

C-OH stretching vibration 1023 1029 1018 

5.3 Adsorption experiment of Cr (VI) 

5.3.1 Effect of Solid-Liquid ratio 

Result of NEBM 

The effect of adsorbent of different quality on the adsorption efficiency of Cr6+ solution was 

investigated. As shown in Figure 40, When the input weight increased from 0.01 g to 0.02 g, the 

adsorption rate increased significantly, the latter is nearly double than the former. 

This may be because the increase in the amount of adsorbent increases the number of adsorbed 

functional groups in the solution, and the number of adsorbed sites increases, so the adsorption rate 

increases. 

But when more adsorbents are added, the adsorption efficiency is almost unchanged, which is due 

to the increase the mass of adsorbents leaded the agglomeration of adsorbents, reducing the 

adsorption surface .The adsorption efficiency is almost constant. 

Hence in the subsequent experiments, the solid-liquid ratio was 1 (0.02 g samples into 20 ml 

solutions). 

Results of NEBF 

Figure 41 shows adsorption efficiency results at different solid-liquid is obvious that the adsorption 

efficiency is only 5.98 % when the dosage of adsorbent is 0.01 g. When the dosage of adsorbent 

increased to 0.04 g, the adsorption efficiency reached 95.72 when the dosage was increased to 0.05 
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g, the adsorption efficiency only increased by 0.33 main reason is that when the amount of adsorbent 

is lower than 0.04 g, with the increase of the amount of adsorbent, the adsorption functional groups 

in the solution increase, and the adsorption efficiency increases ,the dosage is further increased, 

agglomeration occurs to the adsorbent particles, which reduces the adsorption surface area, thus 

increasing the adsorption efficiency slightly. 
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Figure 40 effect of S/L on the adsorption of Cr6+ by NEBM (pH of solutions were 

.The temperature was room Initial concentration was 100ppm.The adsorption time was 

3 days. The volume of Cr6+ solution is 20ml). 
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Figure 41 Effect of S/L on the adsorption of Cr6+ by NEBF (pH of solutions were .The 

temperature was room Initial concentration was 100ppm.The adsorption time was 3 days. The 

volume of Cr6+ solution is 20ml). 

5.3.2 Effect of temperature 

5.3.2.1 NEBM 

Setting five control groups and set pH of solutions were , the solid-liquid ratio was 1, the 

initial concentration was 100ppm, the adsorption time was 3 days and volume of Cr6+ solution is 20 

ml). Then they were exposed to 20 ℃, 30 ℃, 40 ℃, 50 ℃ and 60 ℃ from 3minuates to 4320 

minuates. Results of them can be shown as figure 42: 
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Figure 42 Effect of temperature on adsorption by NEBM 

And the Equilibrium adsorption capacity qe can be found in following Table 17 
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Table 17 Equilibrium adsorption capacity of NEBM in different temperature 

Temperature℃ 20 30 40 50 60 

qe (mg/g) 98.12 98.34 98.56 99.21 99.34 

It can be clearly seen that with the increase of temperature, the adsorption time to reach equilibrium 

is significantly shortened from 1440 min to 180 min. And the equilibrium adsorption rate also 

slightly increased by about 1.2 percent. 

The thermodynamic results can be obtained by the calculation and shown in following Table 18: 

Table 18 Distribution coefficient and free energy of adsorption in different temperature by NEBM 

Temperature℃ 20 30 40 50 60 

KD 52.26 59.26 68.39 126.22 151.67 

G(KJ/mol) -9.64 -10.28 -11.00 -13.00 -13.90 

Plot 1/T with lnKD，The slope and the intercept of the line give us H  and S  shown in Figure 

43: 

y = -2795.9x + 13.375

R² =0.9814
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Figure 43 Plot 1/T with lnKD 

From the Figure 43, H and S can be calculated that slope and x-y intercept is H and S . 

Hence the Enthalpy change during adsorption H = 24.73 kJ/mol, S  = 111.20 J/mol*K. 

The fact that the free energy is less than 0 means that the reaction can occur spontaneously. 
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H = 24.73kJ/mol shows that the reaction is an endothermic reaction, and increasing the 

temperature is conducive to the reaction. However, considering the actual operating cost, subsequent 

experiments were conducted at room temperature. 

S = 1.61 J/mol*K indicates that the adsorption process reduces the order degree of the solution 

system. According to the theory of solid - liquid exchange adsorption, the solution is going to lose 

some degree of freedom, and that's the entropy reduction when a solute is adsorbed from a solution 

phase to an adsorbent. At the same time, NEBM surface neatly and tightly arranged molecules are 

rearranged to a free state, when adsorbent adsorbs metal ions, it's an increase in entropy. From the 

calculating result, the molecular weight released by adsorbent is larger than that adsorbed by 

adsorbent. 

5.3.2.2 NEBF 

Set two control groups with pH of solutions were .The solid-liquid ratio was 2, the 

adsorption time was 3 days, the volume of Cr6+ solution is 20ml. 

Figure 44 shows the result of effect of temperature on the adsorption of Cr6+ by NEBF in room 

temperature and 50℃，It is obvious that with the temperature increasing, the adsorption efficiency 

of the sample indicates that the NEBF adsorption of heavy metal ions is an exothermic experiments 

would finish at room temperature. Relevant thermodynamic parameters can be obtained by 

thermodynamic calculation of experimental data, as shown in Table 19. 

Table 19 Thermodynamic parameter of NEBF 

Temperature℃ 20 50 

KD 62.85 46.40 

G（KJ/mol） -10.09 -10.30 

H and S can be calculated by slope and x-y of it. Hence the Enthalpy change during adsorption

H = -7.99kJ/mol and entropy change S = 7.26J/mol*K. 

The fact that the free energy is less than 0 means that the reaction can occur spontaneously. 
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Figure 44 Effect of temperature on adsorption by NEBF 

 

By plotting 1/T with lnKD, as following Figure 47: 
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Figure 45 1/T with lnKD, NEBF 

In adsorption of NEBF, change in enthalpy is less than 0 shows that the reaction is an exothermic 

reaction. The lower the temperature of the reaction, the better the adsorption effect. 
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The change in entropy of adsorption is greater than 0 indicates that the molecules released by the 

adsorbent are larger than the metal ions adsorbed by the adsorbent. 

5.3.3 Kinetics of adsorption 

5.3.3.1 NEBM 

NEBM used to adsorb 100ppm Ce6+ solution at different temperatures. The sample solution was 

sampled regularly and diluted for AAS test. Finally, the experimental data were fitted and combined 

with the kinetic formulas for comparison 

Pseudo-first-order 

Pseudo-first-order formula was used to fit the experimental data, as shown in Figure 46. 
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Figure 46 Result of Pseudo-first-order of NEBM 

From the Figure 46, it is obvious that the experimental data do not conform to the fitting of first-

order reaction. 

Pseudo-second-order 
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Figure 47 can be obtained by fitting the experimental data with the pseudo-second-order reaction 

formula. 
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Figure 47 Result of Pseudo-second-order of NEBM 

As can be seen from figure 49, the experimental results at different temperatures can be well fitted 

with the second-order reaction formula, the relevant fitting parameters are shown in the following 

Table 20. 

Table 20 Kinetics parameter of NEBM 

 
R2 SEE k qe,cal qe 

20℃ 0.96 6.96 0.0033 103.21 98.12 

30℃ 0.97 6.89 0.0039 106.16 98.34 

40℃ 0.97 6.71 0.0078 104.76 98.55 

50℃ 0.96 7.98 0.0101 105.93 99.21 

  SEE(Standard Error of Estimate) 
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It can be found from the above kinetic fitting results, the adsorption process fits the pseudo-second-

order reaction formula well. For the pseudo-second-order, the fitting coefficient reaches 0.96 and 

0.97. 

By the way, there are no big differences between fitting value qe,cal and experimental value qe, which 

means that the adsorption process of Cr by NEBM follows second-order formula, and the adsorption 

rate is controlled by chemical adsorption. 

5.3.3.2 Result of NEBF 

As can be seen from Figure 48, at room temperature, the adsorption of Cr6+ by NEBF reached 

equilibrium at 720 minutes. 
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Figure 48 Effect of time on the adsorption of Cr6+ by NEBF (pH of solutions were .The 

solid-liquid ratio was 2.5.The initial concentration was 100ppm.The adsorption time was 3 days. 

The volume of Cr6+ solution is 20 ml. Room temperature). 
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Figure 49 Results of kinetics fitting of NEBF 



 
 93 / 142 

 

The pseudo-first-order and pseudo-second-order kinetic equations were used to analyze the data in 

Figure 49, results can be found in table 21:  

Table 21 Kinetic parameter of NEBF 

 
R2 SEE k qe,cal qe 

20℃ 0.9984 6.88 0.0027 106.43 97.12 

 

The experimental results show that NEBF can be well simulated with pseudo-second-order kinetic 

equation, the correlation coefficients are close to 1, and the difference between the experimental 

value and the theoretical value of qe is very small about 9.3 mg/g, which indicates that the adsorption 

process of NEBF on Cr6+ follows the pseudo-second-order reaction mechanism, and the adsorption 

rate is controlled by chemical adsorption. 

5.3.4 Isothermal 

5.3.4.1 NEBM 

Figure 50 is the isothermal adsorption curve of Cr adsorbed by NEBM at room temperature. It can 

be seen that the adsorption amount increases with the increase of the concentration of metal ions in 

the solution and finally basically reaches the adsorption equilibrium. 

Then the isothermal adsorption results were fitted with Langmuir, Temkin, Freundlich and D-R 

respectively. The simulation results can be found in Table 22. 

Table 22 Isothermal model parameters of NEBM 

Langmuir Temkin Freundlich D-R 

qmax KL R2 A B R2 KF n R2 qmax A R2 

220.52 0.25 0.91 2.36 50.81 0.9 50.23 2.27 0.89 179.49 

7.04E-

07 0.79 

By comparing the fitting coefficients of four isothermal adsorption models, we can know that 

Langmuir isothermal model is the best. It indicates that the adsorption of chromium ion by NEBM 

is a single molecular layer. The maximum adsorption capacity qmax is 220.52 mg/g. 

It is also certain that the process of chromium ion adsorption by NEBM is chemical adsorption. The 

characteristic parameter n in Frundlich formula is 2.27, indicating that adsorption reaction is easy 

to occur. 
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Figure 50 Isothermal of NEBM 

5.3.4.2 NEBF 

Figure 51 is the isothermal adsorption curve of Cr adsorbed by NEBF at room temperature. It can 

be seen that the adsorption amount increases with the increase of the concentration of metal ions in 

the solution and finally basically reaches the adsorption equilibrium. 

Then the isothermal adsorption results were fitted with Langmuir, Temkin, Freundlich and D-R 

respectively. The simulation results can be found in Table 22 

. 

Table 23 Isothermal model parameters of NEBF 

Langmuir Temkin Freundlich D-R 

qmax KL R2 A B R2 KF n R2 qmax A R2 

172.23 0.39 0.95 4.74 77.41 0.93 54.32 3.37 0.9 154.44 5.40E-07 0.87 
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Figure 51 Isothermal of NEBF 

By comparing the fitting coefficients of four isothermal adsorption models, we can know that 

Langmuir isothermal model is the best. It indicates that the adsorption of chromium ion by NEBM 

is a single molecular layer. The maximum adsorption capacity qmax is 172.23 mg/g. 

It is also certain that the process of chromium ion adsorption by NEBM is chemical adsorption. The 

characteristic parameter n in Freundlich formula is 3.37, indicating that adsorption reaction is easy 

to occur. 

5.3.5 Desorption and circulation 

The adsorbent after adsorbing 200ppm Cr6+ solution was desorbed by distill water, NaOH, HCl and 

H2SO4 for a day, then the concentration of chromium ions in the solution of desorption can be 

measured by the AAS test after dilution. 

When desorption by distilled water, different concentrations of sodium hydroxide and hydrochloric 

acid from 0.1 to 0.5 mol/L, both NFBM desorption solution and NEBF resolution solution contain 

only trivalent chromium ions. There is only trivalent chromium ions (Cr3+) in the solution, this 

proves that the adsorption of hexavalent chromium by adsorbent involves the reduction of 
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hexavalent chromium to trivalent chromium. The chromium (III) concentration in the two 

desorption solutions is respectively CNEBM = 88.3ppm and CNEBF = 78.5ppm.  

But when using 1mol sulfuric acid to desorb the sample, there is 20 % (close to 40 ppm) of 

hexavalent chromium (Cr VI) is desorbed and the solution is light yellow. This proves that there is 

a process of directly adsorbing hexavalent chromium to the surface of the adsorbent in the 

adsorption process. 

The results of desorption from different desorbents indicate that there are both direct adsorption of 

Cr (VI) and the process of reducing Cr (VI) to Cr (III) before adsorption, and the adsorbed chromium 

ions cooperate with the functional groups on the surface of the adsorbent to form a chemical bond 

that is difficult to be desorbed. 

5.3.6 Adsorption mechanism analysis 

Figure 52 shows the speciation diagram of Cr6+, when the concentration of Cr6+ is lower than 1g/L 

and the pH of solution is between 1 and 6, CrO7
2- will react as follows: 

C𝑟2𝑂7
2− + 𝐻2𝑂 → 2𝐻𝐶𝑟𝑂4

− 

Therefore, it can be known that in the experiment discussed in this thesis, Cr (VI) mainly exists in 

the form of HCrO4
- in the solution [73]. 

Because Cr (VI) has a high REDOX potential (above 1.3 V), it is easily reduced to Cr (III) under 

acidic conditions which is shown below: 

𝐻𝐶𝑟𝑂4
− + 7𝐻+ + 3𝑒− ↔ 𝐶𝑟3+ + 4𝐻2𝑂       𝐸𝑂 = 1.35𝑉 

According to the reaction formula, Cr (VI) reduction process consumes a large number of hydrogen 

ions, hence a low pH is more conducive to the chemical reaction in the adsorption process. 

 According to determine the pH of the adsorbed solution by pH meter, the pH of the adsorbed 

solution is approximately between 4.5 and 5 which increased 2.5 ~ 3 from 2 which depended on the 

concentration of Cr (VI). 

From the Figure 52, considering the presence of Cr (VI) and Cr (III) in solution and the smooth 

reduction reaction in the adsorption process, it is necessary to control the initial pH below 3. 

However, according to the adsorption study of chromium ions in the reference [17, 48, 49], when 

pH=2, chromium ions have the best removal rate, so during the experiment, the initial concentration 
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of the solution is 2. Because chlorine ions are involved in the modification of adsorbents, the initial 

pH is adjusted by using dilute hydrochloric acid. 

 

Figure 52 Cr6+ in aqueous solution [73] 

FTIR diagrams before and after adsorption are shown as Figure 53: 

In the infrared spectrum, the peak within the range of 3000 – 3500 cm-1 is hydroxyl in various forms, 

and it can be seen that the hydroxyl in the two adsorbents is relatively single, mainly for the     

CH2-OH. The peaks in the 1800 – 1000 cm-1 range come from the C=O bond in lignin, the C=C 

bond in the benzene ring, the vibration of methoxyl -OCH3 and the vibration of the compound –OH 

bond. 

From Figure 53, it can be found that the change of hydroxyl group and methoxyl group was great, 

some peaks moved and disappeared, and new peaks were formed at the same time. It indicates that 

the reduction of chromium is accompanied by the oxidation of functional groups and the increase 

of -C=O and -COOH. The Cr (III) obtained by reduction can bind to hydroxyl and carboxyl groups 

and adsorb on the surface of adsorbent. 
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Figure 53 FTIR of NEBM and NEBM before and after 
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These FTIR results are similar to the mechanism of Cr (VI) adsorption by ABP, so the adsorption 

process of NEBM and NEBF also includes the following three adsorption mechanisms as ABP: 

(1) Cr (VI) adsorbed at positive adsorption site of adsorbent in the form of anion; 

(2) Cr (VI) is reduced to Cr (III) by hydrogen ions and lignin in adsorbent and donor groups in its 

derivative molecules; 

(3) Cr (III) replace the magnesium and iron ions in the adsorbent by binding on the adsorbent 

surface in the form of a surface fit. 

In addition to the adsorption process mentioned above, the ion exchange principle plays a major 

role in the adsorption process of NEBM and NEBF. Due to the high concentration of metal ion 

solution used in modification, more functional groups on the adsorbent surface react with metal ions 

to form complexes, when they come into contact with metal ions that are more capable of binding, 

these functional groups release the original metal ions and bind to the heavy metal ions that are more 

capable of binding. In a low pH concentration, positively charged Cr3+ is not easy to be adsorbed, 

but the pH of the solution will increase with the reduction of Cr (VI), so that positively charged 

functional groups on the surface of the adsorbent begin to dissociate and negatively charged. 

Meanwhile, trivalent chromium hydrate begins to hydrolyze and thus is adsorbed to the surface of 

the adsorbent. Therefore, the pH of the solution must be strictly controlled in the whole experimental 

process, otherwise the adsorption efficiency of the adsorbent will be affected. Since there are a large 

number of magnesium and iron ions on the surface of NEBM and NEBF, the ion exchange reactions 

can be summarized as follows 

3R − CO𝑂−𝑁𝑎+ + 𝐶𝑟3+ → (𝑅 − 𝐶𝑂𝑂−)3 − 𝐶𝑟3+ + 3𝑁𝑎+ 

3R − O − 𝑁𝑎+ + 𝐶𝑟3+ → (𝑅 − 𝑂−)3 − 𝐶𝑟3+ + 3𝑁𝑎+ 

(𝑅 − 𝐶𝑂𝑂−)3F𝑒3+ + 𝐶𝑟3+ → (𝑅 − 𝐶𝑂𝑂−)3 − 𝐶𝑟3+ + F𝑒3+ 

(𝑅 − 𝑂−)3F𝑒3+ + 𝐶𝑟3+ → (𝑅 − 𝑂−)3 − 𝐶𝑟3+ + F𝑒3+ 

3(𝑅 − 𝐶𝑂𝑂−)2M𝑔2+ + 2𝐶𝑟3+ → 2(𝑅 − 𝐶𝑂𝑂−)3 − 𝐶𝑟3+ + 3M𝑔2+ 

3(𝑅 − 𝑂−)2M𝑔2+ + 2𝐶𝑟3+ → 2(𝑅 − 𝑂−)3 − 𝐶𝑟3+ + 3M𝑔2+ 

After adsorption, excessive sodium hydroxide was added to the remaining solution and white 

flocculent precipitation was detected as magnesium hydroxide precipitation, it was proved that 
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magnesium ions were released by the adsorbent in the adsorption process, which was more obvious 

in the subsequent experiments of methylene blue adsorption by NEBM. 

Finally here list some saturation adsorption capacity of other biosorbent to compare, as following 

Table 24 showing: 

Table 24 qmax of some Biosorbents 

Samples Code Modified way Qmax/(mg/g) for Cr6+ Reference 

Modified persimmon peel H2SO4 and Acetone 238.1 [74] 

Modified orange peel Methyl acrylate 289 [75] 

Orange peel  113.5 [75] 

ABP H2SO4 193.36 Current research 

ABP-C H2SO4 and HCHO 162.47 Current research 

Corn cob  90.1 [76] 

BP  69.7 Current research 

NEBM MgCl2 and NaOH 220.5 Current research 

NEBF FeCl3 and NaOH 172.2 Current research 

 

It can be clearly seen that the adsorption efficiency of biological adsorbents is far greater than that 

of activated carbon in the unmodified condition, while the adsorption efficiency of modified 

biological adsorbents on heavy metal ions has been significantly improved. 

Compare the results in table 23, the adsorption capacity of sulfuric acid modified persimmon peel 

with acetone was significantly higher than that of sulfuric acid modified banana peel (ABP) over 

than 40mg/g. First of all, this may be due to the different types and amounts of effective functional 

groups contained in the raw materials, resulting in the difference in adsorption efficiency. Secondly, 

the researchers in this paper [74] did not specify the solid-liquid ratio between adsorbent and 

adsorbed liquid in the adsorption process. But compared with persimmon peel, banana as the world's 

third largest fruit, banana peel is easy to get, which reduces the cost of preparing raw materials. At 

the same time, compared with the persimmon peel modification experiment, sulfuric acid modified 

banana peel only needs to control the concentration of sulfuric acid, reaction temperature and time. 
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Simple operation, easy to achieve industrialization. 

Among the data listed in Table 24, the adsorption efficiency of modified orange peel [75] is the 

highest. On the one hand, compare the unmodified banana peel with the orange peel, the adsorption 

efficiency of orange peel is nearly 45mg/g higher than that of banana peel, which indicates that in 

the unmodified state, the type or number of effective crown energy groups in orange peel is higher 

than that of banana peel. On the other hand, the modification of orange peel with methacrylate 

further increased the number of free carboxyl, hydroxyl and methoxyl (-OCH3) groups on the 

surface of orange peel. Thus, the adsorption efficiency of chromium ions in orange peel was 

improved. 

However, compared with modified orange peel, NEBM based on ion exchange mechanism is more 

efficient in the use of raw materials, the adsorption efficiency of modified banana peel was improved 

by 319.5 % which was higher than that of orange peel before and after modified (210.62 %). 

Compared with the modified biosorbent in the table, the modification method of banana peel 

mentioned in this paper is simpler, the material is more cheap and easy to get, and has achieved very 

excellent adsorption efficiency, proving that modified banana peel has a good application prospect 

as modified biosorbent. 

5.3.7 Conclusion 

In this chapter, two different adsorbents were prepared by pretreatment with sodium hydroxide and 

anhydrous ethanol and modified with chloride solution. The adsorption behavior of Cr (VI) and 

methylene blue in aqueous solution was studied in detail. 

(1) The adsorption efficiency of the banana peel modified by magnesium chloride was better than 

that of the adsorbent modified by ferric chloride the optimal solution was to soak the sample 

with 1mol/L sodium hydroxide and magnesium chloride for 24 hours respectively. 

(2) Since there is a reduction reaction when Cr (VI) is adsorbed, and the pH of the solution after 

the reaction needs to be controlled, the initial pH of the reaction should be strictly controlled 

within 2.5. Since the PH of the solution will increase during the adsorption process, if the pH is 

not controlled, the morphology of chromium ions in the solution will be affected, thus affecting 

the adsorption efficiency. 
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(3) The results of kinetic fitting show that both NEBM and NEBM are better fitted to the second-

order reaction than to the first-order reaction. This indicates that the adsorption process of 

chromium ions is controlled by chemical adsorption, which is well reflected in the color of the 

solution changes during adsorption and FTIR analysis. 

(4) Thermodynamic experiments show that the free energy of all adsorption processes is less than 

0, which means that all adsorption processes can be spontaneous. The process of NEBM is 

exothermic reaction, and the adsorption capacity decreases with the increase of temperature, so 

the adsorption process should be carried out at low temperature (room temperature), but NEBF 

did the opposite. 

(5) Simulation of isothermal adsorption showed that all adsorption processes followed Langmuir 

monolayer adsorption, and the maximum adsorption capacity was much higher than that of 

other unmodified biosorbents such as orange peel; banana peels and Corn cob shown in table 

23. 

(6) Desorption experiments showed that biosorbents desorbed with distilled water, sodium 

hydroxide and low concentration hydrochloric acid cannot be separated from chromium ions 

well, Similar to ABP desorption results require the use of a high concentration of acid solution 

to desorption of Cr from the adsorbent which shown that the adsorption process of Cr (VI) was 

an irreversible adsorption process. Cr in the solution was firmly bound to functional groups on 

the surface of the adsorbent by chemical bonds. This is not conducive to the recovery and reuse 

of heavy metal ions, and increases the difficulty and cost of the treatment of chrome-containing 

adsorbents. 

(7) Compared with the results of ABP and ABP-C, the adsorption capacity of NEBM and NEBF 

was significantly improved, which proved that ion exchange mechanism plays a more important 

role in the adsorption of heavy metal ions in same adsorption conditions. 
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Chapter 6 Adsorption process of Methylene 

of ABP 

The methylene blue concentration curve can be got by sampling the methylene blue solution before 

adsorption from 0 to 200ppm, after diluting ten times, it was shown as Figure 54: 

y = 0.2138x

R² = 0.9992
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Figure 54 the methylene blue concentration curve 

A is adsorption data of UV. 

6.1 Determination of optimal adsorption pH 

In order for the adsorbent to achieve the best adsorption effect, pH test was done at first, in this 

experiment, the pH of 50 ppm methylene blue solution was set from 2 to 11 by using 1mol/L HCl, 

and the result of it can be seen in following Figure 55: 
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Figure 55 the result of pH experiment on methylene blue solution 

It can be seen that when the pH is higher than four, the maximum adsorption capacity of adsorbent 

remained almost unchanged about 48.27 mg/g. Since the initial pH of methylene blue is about 5.8, 

there is no need to adjust the pH of the solution. 

The reason for this is that hydrogen ions in the solution under acidic conditions compete with methyl 

blue molecules for the active site on the adsorbent, with the increase of the pH value of the solution, 

the potential of the anion on the surface of the adsorbent increases, and the increase of the potential 

increases the electrostatic effect. But when the pH higher than 4, the maximum adsorption capacity 

of adsorbent remained almost unchanged, it shows that electrostatic action is not the only factor 

controlling adsorption [74]. 

6.2 Determination of Solid-Liquid ratio of ABP in experiments 

Taking 20ml 200ppm methylene blue solutions then 0.01 g, 0.02 g, 0.03 g, 0.04 g and 0.05 g ABP 

samples was put in the solutions to make six control groups with different Solid-Liquid ratio 

between 0.5 and 3. 
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The relationship between Solid-Liquid-ratio, adsorption rate and adsorption amount is shown below 

Figure 56. 
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Figure 56 Effect of solid - liquid ratio on adsorption 

When the input weight increased from 0.01 g to 0.02 g, the adsorption rate increased significantly 

about 20%, this may be because the increase in the amount of adsorbent increases the number of 

adsorbed functional groups in the solution, and the number of adsorbed sites increases, so the 

adsorption rate increases. 

But when more adsorbents are added, the adsorption efficiency is almost unchanged, which is due 

to the increase the mass of adsorbents leaded the agglomeration of adsorbents, reducing the 

adsorption surface .The adsorption efficiency is almost constant [75]. 

Hence in the subsequent experiments, the solid-liquid ratio was 1. 
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6.3 Effect of temperature and Initial concentration of solution 

experiments 

Four control groups of methylene blue solutions with different concentrations were placed in a 30 ℃, 

40 ℃, 50 ℃ and 60 ℃ water bath and stirred. The other group was placed at room temperature. 

Then the absorbed solution was diluted and the concentration measured by UV after three days. The 

results are shown in Figure 57. 

At the same temperature, the equilibrium adsorption amount of MB increased with the increase of 

the initial concentration of MB, which provided the driving force for the dye molecules to diffuse 

from the solution to the surface of the adsorbent and overcome the resistance of the two phases 

[76]. 

Plot lnKd with 1/T, H and S can be calculated that slope and x-y intercept is H and S . 

Hence the Enthalpy change during adsorption H =-3.39kJ/mol; 

S =-8.89J/mol*K. So the adsorption process is an endothermic reaction and the entropy goes 

down. 

Under the same condition, with the height of temperature, ABP's adsorption ability to MB showed 

an increasing trend, which was due to the increased temperature which strengthened the interaction 

between adsorbent and MB. 

6.4 Kinetics of adsorption 

The adsorption process of MB by ABP was simulated with pseudo-first-order, pseudo-second-

order and Elocivh kinetic equation in Sigmaplot, the matching degree can be shown in Figure 58. 

(2) Pseudo-Second-order 

The adsorption process of MB by ABP was simulated with pseudo-second-order kinetic equation, 

the results can be calculated by Sigmaplot and shown in Table 25 from figure 58. 

Table 25 Results of Pseudo-Second-order 

R
2
 SSE k qe 

0.97 8.23 0.0044 209.68 

SEE(Standard Error of Estimate) 
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Figure 57 Effect of temperature and Initial concentration of solution experiments 
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Figure 58 Kinetic of adsorption by ABP 

Results of the Pseudo-Second-order equation can be shown in figure 59. 
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Figure 59 Results of Pseudo-Second-order 
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(3) Elovih 

The adsorption process of MB by ABP was simulated with pseudo-second-order kinetic equation, 

the results can be calculated by Sigmaplot and shown in Table 26 from Figure 60 

Table 26 Results of Elovich 

R
2
 SSE α β qe,cal 

0.98 7.21 108.44 34.01  216.54 

SEE(Standard Error of Estimate) 

Results of the equation can be shown in Figure 60. 
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Figure 60 Results of Elovich 

(4) Discussing 

It can be seen from the above kinetic fitting results, the adsorption process fits Elovich and the 

pseudo-second-order reaction equation well. For the pseudo-second-order, the fitting coefficient R2 

is R2 = 0.97 and the equilibrium adsorption amount calculated by kinetic equation is qe,ca l= 209.68 

mg/g, this is almost identical to the data qe = 209.14 mg/g obtained in the experimental results. 

For the Elovich equation, the fitting coefficient is R2 = 0.98 and calculated the equilibrium 

adsorption by data of α=108.44 and β=34.01, the equilibrium adsorption is qe,cal = 216.54mg/g 

which is larger than the qe = 209.14 mg/g data from experiments.  
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6.5 Isothermal 

Several isothermal adsorption line models can be used to describe the adsorption behavior of ABP 

to MB. 

(1) Langmuir 

The experimental results of adsorption of methylene blue by ABP were fitted on Langmuir as shown 

in the following Figure 61 

 

Figure 61 Isothermal adsorption line of Langmuir on ABP in different temperature 

The results of Langmuir can be found in Table 27. 

Table 27 Results of Langmuir 

Temperature qmax(mg/g) KL(L/mg) R2 

Room Temperature 224.00 0.0873 0.99 

30℃ 
222.64 0.1142 0.99 

40℃ 
224.45 0.1695 0.98 

50℃ 
224.25 0.2682 0.92 

60℃ 
229.23 0.4483 0.94 
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(2) Freundlich 

Results of Freundlich of ABP adsorption on MB in different temperature can be shown as following 

Table 28: 

Table 28 Results of Freundlich 

Temperature n KF(mg1−1/nL1/n g−1)   R2 

Room Temperature 3.51 48.59 0.85 

30℃ 3.67 52.76 0.86 

40℃ 4.02 61.89 0.84 

50℃ 4.53 73.46 0.81 

60℃ 4.91 83.05 0.77 

 

(3) Temkin 

From the Table 29, results of Temkin fitting on ABP was shown: 

Table 29 Results of Temkin 

Temperature A B R2 

Room Temperature 1.84 67.22 0.91 

30℃ 2.3 68.17 0.92 

40℃ 4.13 72.35 0.91 

50℃ 11.23 81.54 0.85 

60℃ 13.66 79.44 0.84 

 

(4) Dubinin-Radushkevich 

Results of D-R fitting on MB adsorption by ABP was shown in following Table 30: 

Table 30 Results of D-R formula 

Temperature qmax A R2 

Room Temperature 197.19 4.75E-06 0.98 

30℃ 200.26 2.99E-06 0.98 

40℃ 203.95 1.49E-06 0.93 

50℃ 211.15 1.13E-06 0.76 
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60℃ 203.7 2.17E-07 0.72 

 

(5) Conclusion 

From the table above, it can be seen that Langmuir isothermal adsorption model can well simulate 

the adsorption process, and that of fitting coefficients reaches 0.98 - 0.99 when the temperature were 

lower than 40 ℃, which indicates that the surface homogeneity of ABP is good, and the adsorption 

is in the form of single molecular layer. 

KL represents the binding capacity of adsorbent and dye, which is related to temperature and 

adsorption heat. The adsorption process is easier happened with lager value of KL. 

It also can be found that qmax in 30 ℃ is lower than it in room temperature and the same results 

happened between 50 ℃ and 40 ℃, this shows that the law of saturated adsorption qmax is not 

simply increased with the increase of temperature. 

From table 28 and table 29, it can be concluded from the above results, Freundlich and Temkin 

are not fitting the adsorption processes well and fitting coefficients R2 are between 0.77 and 0.91 

which are worse than the results of Langmuir. 

For the D-R formula, it can be found that when the temperature is lower than 30℃ , fitting 

coefficients R2 = 0.98 which can show that the fitting results are great. But with the increase of 

temperature, the fitting results become worse and worse. 

6.6 Desorption and circulation 

The adsorbent was rinsed, dried at 60 degrees Celsius for 24 hours, then did desorption with 0.2 

mol/L of hydrochloric acid. Finally washed and dried after 24 hours and then repeatedly adsorbed 

100 ppm methylene blue. 

 It should be noted that due to weight loss in the process of washing and drying, the solid-liquid 

ratio should be kept unchanged in the circulation experiment, that is, the solid-liquid ratio should be 

1. The Table 31 below shows desorption results after 5 cycles of adsorption. 
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It can be seen from the results that the analytical rate of the adsorbent has been maintained at over 

80%, which proves that the adsorption of methylene blue by ABP is a reversible process and the 

adsorbent can be recycled. 

Table 31 desorption results of ABP 

Times Desorption% 

1 86.51 

2 84.23 

3 83.56 

4 82.43 

5 82.51 

6.7 FTIR analysis 

The following Figure 62 shows the FTIR changes before and after the adsorption of methylene blue 

by ABP. 
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Figure 62 FTIR of ABP before and after adsorption 

The adsorption process of Cr (VI) is quite different from that of Cr (VI). It can be seen from the 

figure 64 that the main peak changes before and after adsorption are hydroxyl peak changes and 
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carboxyl peak changes, especially between 1000 and 1800cm-1, This indicates that methylene blue 

mainly binds to the hydroxyl and carboxyl groups on the surface of the adsorbent and adsorbs on 

the surface of the adsorbent, which is similar to the adsorption principle of Cr (III). 

6.8 Adsorption mechanism analysis 

From the pH experiments, it can be known that methylene blue is classified as cationic dye, it is 

mainly in the form of cation ions (C16H18N3S
+) in water [19]. Under the influence of electrostatic 

effect, methylene blue is not easy to be adsorbed by ABP when the pH is lower than four, its 

chemical formula shown as following Figure 63: 

 

Figure 63 Chemical formula of methylene blue ion in water [19] 

Comparing the peak value of FTIR of ABP before and after adsorption, it can be found that the main 

functional groups involved in the adsorption process is –OH and –COOH. 

So we can make the assumption that, on the one hand, methylene blue is adsorbed on the adsorbent 

by internal diffusion, and on the other hand, during the adsorption process, methylene blue binds to 

the hydroxyl and carboxyl groups to form chemical bonds, so as to adhere to the surface of the 

adsorbent to achieve the adsorption effect. 

6.9  Conclusion 

The following conclusions can be drawn from the adsorption of methylene blue by ABP: 

1. Unlike the adsorption process of Cr (VI), the adsorption process of methylene blue has no 

REDOX reaction. Moreover, the whole adsorption reaction can be carried out normally in the 

range of weak acidity to alkalinity; 

2. With the increase of temperature, the reaction speed was also accelerated, and the adsorption 

capacity of ABP to methylene blue was slightly increased. This indicates that high temperature 

is favorable for the physical adsorption process and the simultaneous reaction is an endothermic 



 
 115 / 142 

 

reaction, the adsorption capacity increased slightly with the increase of reaction temperature. 

3. It can be seen from the adsorption kinetic simulation results that the whole adsorption process 

is accompanied by both physical adsorption process and chemical adsorption process; 

4. Compared with the isothermal adsorption model, the adsorption process of ABP to methylene 

blue was more consistent with the Langmuir monolayer adsorption principle. 

5. It can be seen from the desorption results that the ABP after adsorption of methylene blue can 

be recycled to a large extent, and the desorption rate remains stable within 5 cycles of adsorption, 

Since the cyclic desorption experiment requires a large amount of time, the analytical rate of 

methylene blue tends to be stable in only 5 groups of experimental results, which indicates that 

ABP can be recycled for some times during the adsorption of methylene blue, and the adsorbed 

methylene blue can also be easily collected by desorption to recycle. 

6. From the results of FTIR, it can be seen that the adsorption process of methylene blue is the 

combination process of -OH and -COOH on ABP. Due to the broken intermolecular hydrogen 

bonds, there are more free carboxyl and hydroxyl groups in lignin and cellulose molecules on 

the banana peel, which makes ABP have a good adsorption ability in the process of methylene 

blue adsorption. Meanwhile, compared with the removal of Cr (VI), physical adsorption plays 

a more important role in the adsorption of methylene blue. 
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Chapter 7: Adsorption experiment of 

Methylene blue by NEBM and NEBF 

It can be seen from the above results that the modified banana has a good adsorption efficiency for 

chromium (VI) ions. 

With the development of dyestuff and printing and dyeing industry, a lot of dyestuff wastewater is 

discharged into water bodies, which may inhibit the photosynthesis and growth of aquatic plants, 

and destroy aquatic ecosystems. 

Excessive use of methylene blue will cause harm to the environment and human body. Its residual 

toxicity and high carcinogenicity make how to deal with methylene blue wastewater become the 

focus of people. 

The modified banana peels mentioned above were used as adsorbents to study their adsorption 

characteristics and efficiency of methylene blue. The effects of pH value, oscillation time, adsorbent 

concentration, dye concentration and temperature on the adsorption were investigated. The 

thermodynamic and kinetic properties of the adsorption were analyzed by fitting the commonly used 

adsorption isotherm. 

The methylene blue concentration curve can be got by sampling the methylene blue solution before 

adsorption from 0 to 200 ppm (It should be noted that the data in the chart has been diluted by 10, 

so it shows 0-20 ppm), after diluting ten times, it was shown as Figure 64. 

7.1 Determination of optimal adsorption pH 

In order for the adsorbent to achieve the best adsorption effect, pH test was done at first, in this 

experiment, the pH of 50 ppm methylene blue solution was set from 2 to 11 by using 1mol/L HCl, 

and the result of it can be seen in following Figure 65. 
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Figure 64  The methylene blue concentration curve 

ABS is adsorption data of UV. 

From Figure 65, it can be seen that when the pH is higher than four, the maximum adsorption 

capacity of adsorbent remained almost unchanged about 48.27 mg/g. Since the initial pH of 

methylene blue is about 5.8, there is no need to adjust the pH of the solution. 

The reason for this is that hydrogen ions in the solution under acidic conditions compete with methyl 

blue molecules for the active site on the adsorbent, with the increase of the pH value of the solution, 

the potential of the anion on the surface of the adsorbent increases, and the increase of the potential 

increases the electrostatic effect. But when the pH higher than 4, the maximum adsorption capacity 

of adsorbent remained almost unchanged, it shows that electrostatic action is not the only factor 

controlling adsorption [19]. 
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Figure 65  The result of pH experiment on methylene blue solution 

7.2 Effect of initial concentration of methylene blue on adsorption 

In order to explore the effect of the initial concentration of methylene blue on adsorption, methylene 

blue solution with the initial concentration from 10 ppm to 600 ppm was selected for the experiment. 

NEBF, NEBM, and unmodified banana peel 0.02g were added to 20ml of methylene blue solution 

with different concentrations, respectively. They were placed on a 100 RPM vibrating machine in 

room temperature and tested for 3 days. The result is shown below 
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Figure 66 Effect of initial concentration on adsorption 
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Figure 67 Adsorption rate of different adsorbents 
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From Figure 66 and Figure 67, it is obviously that in the lower concentration, the adsorption effect 

of NEBM and NEBF was better than that of unmodified banana peel. But when the initial 

concentration is higher than 200 ppm, the unmodified banana peel and NEBF showed the same 

adsorption effect. In general, NEBM showed a good adsorption efficiency when adsorbing 

methylene blue, and the adsorption efficiency of NEBF at low concentration was slightly better than 

that of unmodified banana peel. 

7.3 Determination of Solid-Liquid ratio in experiments 

Taking 20 ml 300 ppm methylene blue solutions then 0.01 g, 0.02 g, 0.03 g, 0.04 g, 0.05 g, 0.6 g, 

0.8 g, 1.0 g NEBF samples was put in the solutions to make six control groups with different Solid-

Liquid ratio between 0.5 and 5. 

The relationship between Solid-Liquid-ratio, adsorption rate and adsorption amount is shown below 

Figure 68.  
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Figure 68 Effect of solid - liquid ratio on adsorption 
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As can be seen from the Figure 68, when the solid-liquid ratio increased to more than 2, the 

adsorption capacity did not increase significantly. But on the contrary, the equilibrium adsorption 

rate decreases rapidly. Considering the utilization efficiency and economic utility, the solid-liquid 

ratio was selected as 1 for the subsequent experiment. 

7.4 Effect of temperature and Initial concentration of solution 

experiments 

Figure 69 shows effect of temperature of NEBM and NEBF. As can be seen from the figure71, with 

the increase of the reaction, the adsorption capacity of both adsorbents decreased slightly. Therefore, 

adsorption experiments should be conducted at the lowest possible temperature. Therefore, 

subsequent experiments were conducted at room temperature, and relevant thermodynamic 

parameters could be obtained by calculation and results are shown in Table 32. 

Table 32 Thermodynamic parameter of NEBM and NEBF 

  NEBM NEBF 

TEP(Degrees 

Celsius) 
KD G(kJ/mol) KD G(kJ/mol) 

20 4 -3.38 1.78 -1.4 

30 3.89 -3.42 1.61 -1.211 

40 3.71 -3.41 1.53 -1.25 

50 3.65 -3.48 1.48 -1.14 

60 3.6 -3.54 1.39 -0.91 

Plot lnKd and 1/T as Figure 70 showing. It's obvious by comparison with the formula that 

∆𝐻𝑁𝐸𝐵𝑀 = −564.93 R and∆𝑆𝑁𝐸𝐵𝑀 = −1.3657𝑅, R=0.008314kJ/mol. So the result of change in 

entropy and change in enthalpy of adsorption of NEBM and NEBF can be found in Table 33. 

Table 33 Change in entropy and change in enthalpy of adsorption 

 NEBM NEBF 

TEMP(K) H (kJ/mol) 
S

J/mol*K. 
H (kJ/mol) 

S  

J/mol*K. 

273K -4.70 -11.35 -2.22 3.92 
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Figure 69 Effect of temperature of NEBF and NEBM 
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Figure 70 Plot of lnKd with 1/T 

The fact that the free energy is less than 0 means that the reaction can occur spontaneously. 



 
 123 / 142 

 

In adsorption of NEBF and NEBM on MB, change in enthalpy is less than 0 shows that the reaction 

is an exothermic reaction. The lower the temperature of the reaction, the better the adsorption effect. 

The adsorption of MB by NBEM is a process of entropy increase, indicating that the mass released 

by the adsorbent is greater than that absorbed by the adsorbent from the solution.  

NBEM adsorption MB is a process of entropy increase, which indicates that the amount of 

substances released by the adsorbent is greater than that adsorbed by the adsorbent from the solution, 

but NEBF had the opposite result.  

7.5 Kinetics of adsorption 

7.5.1 NEBM 

The kinetics of adsorption of methylene blue of NEBM is shown as Figure 71. 

 

Figure 71 kinetics of adsorption of methylene blue of NEBM 

The relevant kinetic parameters are shown below: 

(1) Pseudo-first-order  

The adsorption process of MB by NEBM was simulated with pseudo-first-order kinetic equation, 

the results can be calculated by Sigmaplot and shown in Table 34 from Figure 71. 
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Table 34 Results of Pseudo-first-order 

R2 SSE qe b 

0.99 7.54 242.14 0.54 

SEE(Standard Error of Estimate) 

(2) Pseudo-Second-order 

The adsorption process of MB by NEBM was simulated with pseudo-second-order kinetic equation, 

the results can be calculated by Sigmaplot and shown in Table 35 from Figure 71. 

Table 35 Results of Pseudo-Second-order 

R2 SSE k qe 

0.96 12.5 0.0029 265.58 

(4) Discussing 

It can be seen that both the first-order reaction and the second-order reaction equations fit the 

experimental data well, the fitting coefficient R2 are 0.99 and 0.96 respectively. The fitting effect of 

Evolich equation is not ideal, the fitting coefficient is only 85, so it does not be discussed. During 

the experiment, the adsorption process reached equilibrium after 24 hours, and the adsorption 

quantity qe was 243.59 mg/g, This is very similar to the first-order reaction fitting result that 

qe,cal=242.14 mg/g. But the fitting result of adsorption capacity of the secondary reaction is much 

larger than the experimental result, it is about 22 mg/g. 

The conclusion can be drawn from the fitting results, the adsorption of methylene blue to adsorbent 

particles can be divided into three stages: 

(1) The positive methylene blue ions in the solution transfer to the surface of the adsorbent, which 

is the membrane diffusion stage; 

(2) The ion diffuses transferred from the surface of the adsorbent to the inner surface; 

(3) Adsorption reaction stage. 

Since the result of the first-order is slightly better than that of the second-order, it can be considered 

that the first two stages are slightly dominant compared with the third. 

7.5.2 NEBF 

The kinetics of adsorption of methylene blue of NEBF is shown as Figure 72. 
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Figure 72 kinetics of adsorption of methylene blue of NEBF 

The relevant kinetic parameters are shown below: 

(1) Pseudo-first-order  

The adsorption process of MB by NEBF was simulated with pseudo-first-order kinetic equation, the 

results can be calculated by Sigmaplot and shown in Table 36 from figure 72. 

Table 36 Results of Pseudo-first-order 

R2 SSE qe b 

0.93 6.85 144.99 1.23 
 

(2) Pseudo-Second-order 

The adsorption process of MB by NEBM was simulated with pseudo-second-order kinetic equation, 

the results can be calculated by Sigmaplot and shown in Table 37 from Figure 72. 

Table 37 Results of Pseudo-Second-order 

R2 SSE k qe 

0.98 3.19 0.0118 159.65 

(4) Discussing 

It can be seen from the result that the result of NEBF is slightly different from that of NEBM. When 

the experimental data of NEBF were used for fitting, the fitting effect of the second order reaction 
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was better than that of the first order reaction. This shows that in the whole adsorption process, the 

adsorption process is controlled by chemical adsorption, and the chemical adsorption capacity is 

slightly larger than the diffusion effect. 

7.6 Isothermal adsorption 

Figure 73 is the isothermal adsorption curve of MB adsorbed by NEBF and NEBM at room 

temperature. It can be seen that the adsorption amount increases with the increase of the 

concentration of metal ions in the solution and finally basically reaches the adsorption equilibrium. 

Then the isothermal adsorption results were fitted with Langmuir, Temkin, Freundlich and D-R 

respectively. The simulation results can be found in Table 38. 

Table 38 Isothermal adsorption parameters of NEBM and NEBF on MB 

 Langmuir Temkin Freundlich D-R 

 qmax KL R2 A B R2 KF n R2 qmax A R2 

NEBM 251.96 0.22 0.99 11.18 78.33 0.88 74.34 4.46 0.84 241.08 
1.96E-

006 
0.96 

NEBF 208.02 0.05 0.97 1.05 71.71 0.93 37.23 3.41 0.86 188.79 
3.375E-

005 
0.95 

According to the results, Langmuir isothermal adsorption model is most suitable for two kinds of 

samples on adsorption processes of MB. So the sample adsorption MB is more in line with the single 

molecular layer adsorption. 

According to the fitting results of Langmuir, the maximum adsorption capacity of the two adsorbents 

qmax was 251.96 mg/g and 208.02 mg/g, respectively. 

The maximum adsorption capacity of methylene blue adsorbed by several other biosorbents is listed 

below in Table 39 

It can be clearly seen from Table 39 that compared with ordinary unmodified biosorbents, the 

modified banana peel showed a good adsorption ability, this was because methylene blue exists in 

solution in the form of positive charge. Modified banana peel can provide more adsorption sites for 

methylene blue, thus greatly increasing the adsorption capacity of methylene blue.  
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Figure 73 Isothermal of adsorption of NEBM and NEBF 
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But compared with the research of de Carvalho, H.P., et al [19], they put a mixture of methylene 

blue and adsorbent into the electrode, and the adsorption capacity of Biomass ls-g-pamps /AA 

hydrogel reached 993 under the condition of electricity. This indicates that the adsorption capacity 

of adsorbent can be significantly improved in the process of multi-system adsorption, which is worth 

learning and learning. 

Table 39 maximum adsorption capacity of methylene blue adsorbed by several other biosorbents 

Name qmax(mg/g) Reference 

The leaves 97.5 [19] 

jujube seed 48 [19] 

Peanut shells 68.03 [19] 

Pomelo peel 140.8 [19] 

Biomass ls-g-pamps /AA hydrogel 993 [19] 

NEBM 251.96 Current research 

NEBF 

ABP 

208.02 

224 

Current research 

Current research 

Comparing with the research of Yu, DeyouWang, Lili and Wu, Minghua[77], in the study, banana 

peel was pretreated with Potassium hydroxide and made into activated carbon at 400 degrees for 

one hour under nitrogen condition. Under the joint action of membrane adsorption and adsorbent 

adsorption the qmax of it can reach 1303mg/g. Compared with the above two kinds of multi-system 

adsorption, the adsorption capacity of NEBM, NEBF and ABP is much lower than that of them, 

however, because of their modification, simple adsorption operation and low cost, and they have a 

good application prospect in the treatment of methylene blue wastewater with medium and low 

concentration. 

7.7 Desorption and regeneration of adsorbent 

NEBM of 0.02g and NEBF of 0.04g were used to adsorb 20ml of 200ppm methylene blue solution, 

respectively. After oscillating at 100rpm for 3 days, the adsorbent was filtered, and 0.1mol/L 

hydrochloric acid was added for desorption. After a day of desorption, the adsorbent is filtered, 

washed, and dried. UV analysis was performed on the desorption solution.  

The results show that when the adsorption amount is qNEBM=189.64 mg/g and qNEBF=158.83 mg/g. 

The desorption rates of the two adsorbents were only 60 percent and 71 percent, respectively. At the 

same time, when filtering the adsorbent adsorbed with methylene blue, it was found that white 
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magnesium compound and light green iron compound flocculent precipitation were attached on the 

adsorbent, making the adsorbent particles connected in a network. 

7.8 FTIR analysis before and after adsorption 

The FTIR of adsorption of MB by NEBM and NEBF can be shown as Figure 74. From the Figure 

74, it is obvious that the main changes of NEBM and NEBF are concentrated in 1000-1800cm-1. 

The peaks in the 1800-1000cm-1 range come from the C=O bond in lignin, the C=C bond in the 

benzene ring, the vibration of methoxyl -OCH3 and the vibration of the compound -O bond. 

From Figure 74, it can be found that the change of hydroxyl group and methoxyl group was great, 

some peaks moved and disappeared, and new peaks were formed at the same time. Therefore, 

similar to the adsorption of chromium ions, the main functional groups participating in the 

adsorption reaction are phenolic compounds –OH functional groups, carboxyl functional groups 

and methoxyl functional groups. 

7.9 Adsorption mechanism analysis 

From the kinetic simulation, it can be inferred that the adsorption of methylene blue by NEBM and 

NEBF samples was accompanied by diffusion effect and chemical adsorption, in addition, diffusion 

effect dominates the adsorption process of NEBM. 

It can be known from isothermal adsorption simulation that the adsorption process of methylene 

blue for the two samples conforms to the single molecular layer adsorption. 

According to the results of FTIR, the organic functional groups on the banana peel also participated 

in the adsorption reaction. The process and mechanism are similar to that of chromium adsorption. 

Since there is no REDOX process in methylene blue, methylene blue ions will directly replace metal 

ions on the surface of the adsorbent to form complexes and thus achieve the purpose of adsorption. 

Since the adsorption process was carried out under neutral and weakly alkaline conditions, a large 

number of white flocculent precipitates appeared in the solution as shown in the Figure 75 below 

when the adsorption proceeded. 
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Figure 74 FTIR of NEBM and NEBF adsorbed MB 
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The same result was also reflected in the adsorption process of NEBF. Since the characteristic peaks 

of functional groups in FTIR do not change significantly, which indicating that ion exchange 

reaction played an important role in the adsorption process of methylene blue. 

 

Figure 75 the appearance of NEBM after adsorption of methylene blue 

7.10 Conclusion 

From the experimental results and parameter calculations, it can be seen that when NEBF and 

NEBM adsorb methylene blue, they are similar to Cr (VI), but there are also many differences. It 

can be summarized as follows: 

1. Both NEBM and NEBF have good adsorption properties for methylene blue, it shows that both 

modified adsorbents have good application prospects; 

2. The adsorption process of methylene blue is not strict with the pH of the solution, and the 

adsorption reaction can be carried out smoothly in the range of neutral to alkaline; 

3. From the effect of temperature on adsorption, it can be seen that the reaction is exothermic, and 

the rise of temperature is conducive to the rapid equilibrium of the reaction, but too high 

temperature will slightly affect the adsorption capacity and increase the operating cost; 

4. It can be seen from the kinetic results that both adsorbents are controlled by physical adsorption 

and chemical adsorption;  

5. The isothermal adsorption simulation results show that both of them are more consistent with 

the Langmuir monolayer adsorption theory, and the adsorption capacity of NEBF is 

significantly lower than that of NEBM; 
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6. The observation of phenomena in FTIR and the experimental process shows that, unlike the 

adsorption process of Cr (VI), there is no REDOX process in the adsorption process, and ion 

exchange mechanism plays an important role in the adsorption process. 
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Chapter 8: Conclusion and prospect 

8.1 Conclusion 

In this thesis, Using the most common fruit waste banana peel as raw material, using its effective 

components, such as cellulose, lignin and pectin, different kinds of modified banana peel 

biosorbents were prepared by means of chemical modification (NEBM, NEBF, ABP and ABP-C). 

They were used to adsorb Cr (VI) and methylene blue in aqueous solution, respectively. 

The idea of modification, mechanism and adsorption mechanism of the two pollutants were also 

discussed. The main conclusions are as follows: 

1. Sulfuric acid can well destroy the intermolecular hydrogen bonds of cellulose and lignin in 

banana peel, so that the modified banana peel has a good adsorption capacity in Cr (VI) and 

methylene blue adsorption process. The prepared NEBM has the best adsorption capacity 

among several adsorbent samples when modified banana peels. It can be clearly seen by the 

results through several controlled experiments, it can be clearly seen that temperature is the 

most important condition affecting the adsorption capacity of samples. 

2. The banana peel was pretreated with sodium hydroxide, and then modified with magnesium 

ions from non-toxic metal ions, which had a good combination with free hydroxyl and carboxyl 

groups. The prepared NEBM has the best adsorption capacity among several adsorbent samples 

on adsorption of Cr (VI) and MB. In order to explore whether the binding between non-toxic 

ions and hydroxyl and carboxyl groups affected the adsorption capacity, iron ions were used to 

prepare NEBF for the control experiment. It is obvious from the control experiment that the 

affinity between ions and functional groups greatly affects the adsorption capacity, especially 

during the adsorption of methylene blue by the two adsorbents. 

3. The main components of banana peel are cellulose, lignin and tannin. Using different 

concentration of sulfuric acid to soak banana peel, some cellulose and hemicellulose hydrolyze, 

and then condensation with lignin molecules to form lignin derivatives. Soaking banana peel 

with sodium hydroxide can esterify hemicellulose, fructose and tannin in banana peel, thus 

providing free carboxyl groups. Chloride modification can expose more carboxyl groups and 
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hydroxyl groups on the surface of adsorbent, and metal ion modification can cross-link the 

inside of adsorbent molecules, so as to improve the anti-water absorption expansion rate and 

adsorption efficiency of molecules. At the same time, the modification of magnesium ion and 

iron ion can make the free carboxyl ion on the orange peel combine with magnesium ion and 

iron ion through the principle of ion exchange, so as to improve the adsorption ability of banana 

peel. 

4. At the same time, the modification of magnesium ion and iron ion can make the free carboxyl 

ion on the orange peel combine with magnesium ion and iron ion through the principle of ion 

exchange, so as to improve the adsorption ability of banana peel. However, the relationship 

between adsorption capacity of adsorbent and temperature should be analyzed according to 

specific experiments, lowering the temperature is conducive to the adsorption of NEBF and 

NEBM to methylene blue, and the adsorption process of Cr(VI) by NEBF is also exothermic. 

The adsorption of Cr (VI) by ABP, ABP-c, NEBF and NEBM followed the Pseudo-second-

order mechanism, while the adsorption of methylene blue followed the Pseudo-second-order 

mechanism and the Pseudo-first-order mechanism. The adsorption process of several 

adsorbents was consistent with the Langmuir single-molecule layer adsorption model. The 

higher the initial concentration, the greater the adsorption capacity. From the experimental 

results, it can be seen that the adsorption capacity of several modified banana peel adsorbents 

is far greater than that of unmodified biosorbents and partially modified biosorbents, but there 

is still a big gap between the adsorption capacity of several modified banana peel adsorbents 

and that of new material biosorbents. Desorption experiments showed that the adsorption of Cr 

(VI) by the four adsorbents was an irreversible chemical adsorption process. The reduced Cr in 

the solution was firmly bound to the functional groups on the surface of the adsorbent through 

chemical bonds, making it difficult to recycle the banana peel adsorbent during the adsorption 

of Cr (VI) which is very different from the result of methylene blue desorption, the adsorption 

of methylene blue by several modified banana peel adsorbents is reversible and the adsorbents 

can be recycled to some extent after regeneration by 0.1 mol/L HCl. 

5. By analyzing FTIR, it can be known that Cr (VI) reduction is accompanied by oxidation of 

some functional groups on the surface of adsorbent, and the increase of -C=O and –COOH . 
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Therefore, Cr (VI) adsorption by modified banana peel adsorbent is a reduction-adsorption 

mechanism. In the adsorption process, Cr (VI) is first adsorbed to the surface of adsorbent in 

the form of HCrO-, and then reduced to Cr (III) by electron-donating groups on the biomolecular 

structure derived from lignin machine. The reduced Cr (III) is then combined with hydroxyl, 

carboxyl and methoxyl groups on the surface of adsorbent in the form of complexes. However, 

there is no reduction process in the adsorption process of methylene blue. Methylene blue is 

absorbed by adsorbent through diffusion effect and chemical adsorption. 

Through this study, the basic data of purifying wastewater polluted by heavy metals and dyes from 

banana peel with high efficiency were obtained, which is of economic and environmental 

significance to realize comprehensive utilization of resources. It provides a new idea for the 

recycling and deep utilization of fruit waste, and provides basic data reference for the development 

of efficient and low-cost heavy metal pollution control technology. 

8.2 Future works 

Due to the limitations of time and lacks of some advanced testing equipment and experimental funds, 

there are many shortcomings in the experiment that need to be perfected in the later experimental 

research. These can be summarized as follows: 

1. It is impossible to know the specific changes of ion solution concentration during metal ion 

modification, in another words, lacks of analytical tools to find out how many magnesium and 

iron ions are attached to the surface of the adsorbent. 

2. There is a lack of advanced instruments to explore the specific presence of adsorbed chromium 

ions on adsorbents. In this study, the mechanism of the reaction was inferred only through FTIR 

spectra and desorption experiments as well as some experimental parameters. 

3. The experiments were only repeated for 3-5 times, and the results may have some errors. 

4. During the experiment, the researchers carried out some experiments on ion interference. The 

adsorption capacity of adsorbent under the interference of foreign ions was investigated by 

adding 25~300ppm of magnesium ions and potassium ions to chromium solution and methylene 

blue solution of 200ppm to simulate the actual industrial adsorption. However, because the 

adsorption mechanism is too complex and lacks precise instrument assistance, this part of the 
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conclusion cannot be well summarized and presented. The experimental analysis of ion 

interference needs to be supplemented in the future. 

5. Since there is no specific mass balance data, how to deal with the waste liquid after adsorption 

by ion-exchange mechanism becomes a problem. But a solution can be given thought by myself. 

It can be shown in following figure 78. For methylene blue adsorption process, the adsorption 

process solution is alkaline. Moreover, it can be seen from the experimental results that when 

the pH is greater than 6, the pH has no effect on the adsorption capacity of the adsorbent, so the 

exchanged magnesium ions can form magnesium hydroxide precipitation and then be collected 

by adjusting the initial pH. Finally, the recycling of raw materials is realized by adding 

appropriate amount of hydrochloric acid, 

 

Figure 76 Recycling of metal ions in waste liquid 

 

8.3 Prospect 

With the continuous increase of the global population and the continuous depletion of resources, 

some countries are seriously short of water resources and the comprehensive utilization rate of 

resources is low. For the rapidly developing industry, the wastewater containing heavy metals and 

dyes is an important task of environmental management. There have been a lot of studies on using 

agricultural and forestry waste as adsorbent to treat industrial wastewater. Due to the low cost and 
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effective utilization of secondary biological resources, this water treatment technology has attracted 

the attention of many scientists. As to the future further in-depth research on industrial application 

technology will enable the laboratory results to be applied to practical industrial wastewater 

treatment at an early date. 
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