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ABSTRACT 
To live a healthy life, people all around the world need access to safe water. A lot of industries, 

together with the fast growing population in Blantyre, a city in southern Malawi, pose a threat to the 

access of safe water for the citizens. Several of the industries in Blantyre release contaminated water 

to the nearby streams. One serious pollutant emitted from a match factory is chromium (Cr), 

especially in the occurrence of Cr(VI) which is carcinogenic for humans. Earlier studies have shown 

that the concentration of chromium in the match factory’s wastewater was higher than WHO:s 

guidelines. It has also been published that natural clay minerals can be used for adsorption of Cr(III). 

This study investigates the removal of Cr(VI) through the adsorption of Cr(VI) to clay minerals or by 

reduction of Cr(VI) to Cr(III) which is precipitated from solution.  

The laboratory work performed in this study includes both experiments for adsorption of Cr(VI) and 

reduction of Cr(VI) to Cr(III). The reducing agents investigated were two clays and Fe(II) sulfate. For 

adsorption of negatively charged Cr(VI) compounds, the two clays where used at lower pH and the 

mineral bauxite was also tried as adsorbent agent. Wastewater from the match factory was diluted 

and mixed with the removal agents and the concentration of total chromium was measured before 

and after the mixing process. For the agent with highest potential for Cr(VI) removal, the optimal 

conditions due to pH, dosage of agents and contact time were inspected.  

None of the investigated reducing agents served its purpose which means that no Cr(VI) was reduced 

to Cr(III) in this study. The adsorption of Cr(VI) with clay 1 at lower pH was also not successful, but 

the adsorption worked for clay 2 at lower pH and for bauxite. In the experiments bauxite adsorbed a 

higher amount of Cr(VI) than clay 2. The adsorption with bauxite turned out to be independent in 

terms of pH. The optimal conditions for bauxite in the experiments were with a dosage of 3.5 g 

bauxite in 50 mL wastewater and a contact time of 40 minutes. The results showed an adsorption of 

93 percent of total chromium with bauxite at optimal conditions. 
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SAMMANFATTNING 
Tillgång till rent vatten är en nödvändighet för att människor runt om i världen ska kunna leva ett 

hälsosamt liv.  I Blantyre, en stad i södra Malawi, är den snabbt växande populationen tillsammans 

med stadens många industrier ett hot mot vattenkvaliteten för invånarna. Många av industrierna i 

Blantyre släpper förorenat avloppsvatten direkt till närliggande vattendrag. En av dessa industrier är 

en tändsticksfabrik som släpper ut avloppsvatten förorenat med krom (Cr) och speciellt allvarligt för 

människorna är det sexvärda kromet (Cr(VI)) som är carcinogent. Tidigare studier av avloppsvattnet i 

området har visat att koncentrationen av krom överstiger WHO:s gränsvärden. Studier har även visat 

att naturliga lermineral har potential att adsorbera Cr(III). Den här studien undersöker om det är 

möjligt att rena vatten från Cr(VI) genom adsorption till lermineral eller genom att reducera Cr(VI) till 

Cr(III) som sedan kan fällas ut från vattenlösningen.  

Laborationsförsöken i denna studie omfattar både adsorption av Cr(VI) och reduktion av Cr(VI) till 

Cr(III). För reduktion undersöktes två leror och Fe(II)sulfat som reduktionsmedel. Som 

adsorptionsmedel för de negativa Cr(VI)-föreningarna analyserades de två lerorna vid sänkt pH samt 

mineralet bauxit. Avloppsvattnet från tändsticksfabriken späddes ut och mixades med adsorptions- 

och reduktionsmedlen och koncentrationen av totalt krom i provet mättes före och efter mixningen. 

För det medel som visade störst kapacitet att avlägsna krom undersöktes de optimala förhållanden 

med avseende på pH, dos och kontakttid.  

I denna studie fungerade inte de studerade reduceringsmedlen i sitt syfte att reducera Cr(VI) till 

Cr(III). Adsorptionen av Cr(VI) fungerade inte heller för lera 1 vid lågt pH, men däremot kunde både 

lera 2 med sänkt pH och bauxit adsorbera Cr(VI). Experimentet visade att bauxit adsorberade en 

större mängd Cr(VI) än lera 2. Studien visade inte något samband mellan adsorption och pH. De 

optimala förhållandena resulterade i en dos på 3.5 g bauxit till 50 mL avloppsvatten med en 

kontakttid på 40 minuter. Det optimala förhållandet gav ett adsorptionsresultat av krom på 93 

procent. 

 

 

Nyckelord: Krom, reduktion, adsorption, avloppsvatten, bauxit. 
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1 INTRODUCTION 

1.1 Background  
In the southern region of Malawi lies Blantyre, a fast-growing city with a population of more than 

720.000 people (World Gazetteer, 2012). The city is often referred to as the commercial capital of 

Malawi while Lilongwe is the political capital (Encyclopædia Britannica Online, 2012, Internet). The 

impact of large increases in population in a short amount of time has affected the sanitary facilities, 

waste collection and access to safe water. In Blantyre there are several industrial areas where the 

main area borders Mudi River and Nasolo stream. Many of the industries’ wastewater goes directly 

into the nearby streams without any purification causing potential health risk to the people living 

close to the streams. Heavy metal pollution has been found in the streams connected to the 

industries. Among these pollutants is chromium that is emitted from a match factory in Blantyre.  

According to earlier studies total chromium concentrations in the streams nearby the industrial area 

exceed the guideline values set by World Health Organization, WHO (Sajidu et al., 2007). Although 

Cr(III) an essential nutrient to humans Cr(VI) can by long-term exposure cause different forms of 

respiratory cancer. Digestion of chromate (CrO4
2-) in high concentrations (1-5 g) can be even acutely 

toxic (WHO, 2012). It is therefore important to reduce the amount of chromium in the river.  

1.2 Earlier Studies in Blantyre area 
In a doctor of philosophy thesis by Samson Mkali Idruss Sajidu (2008), the chromium concentration in 

wastewater in Malawi was shown to be higher than the guideline values set by WHO. Earlier studies 

have shown that natural clays can remove heavy metals in water solutions by adsorption. Sajidu 

(2008) showed that alkaline mixed clay minerals from Tundulu area in Malawi have potential to 

adsorb Cr(III) between a pH range of 3 and 5. Anna Hernell (2009) made further studies on 

adsorption of Cr(III) with three different clays from Malawi where she observed adsorption of Cr(III) 

in both purified and unpurified clays. All clays showed almost total adsorption of Cr(III) and since the 

unpurified clays work in a wider pH range, one conclusion was that there was no reason to purify the 

materials.  

1.3 Aim and goal 
The aim of this project was to develop a method for the removal of total chromium in water 

solutions. Since earlier studies have shown potential for removal of Cr(III) with natural clays, the 

purpose of this study was to extend or investigate a method which also should include Cr(VI).  

The aim will be reached by answering the following questions: 

 Can two different clays and Fe(II) sulfate be used as reducing agents for Cr(VI)? 

 Can, by changing the surface charge, clays serve as adsorbents of Cr(VI)? 

 Is the mineral bauxite a possible adsorbent of Cr(VI)? 

 Is it possible to optimize the reduction or adsorption of chromium by adjusting pH, dosage 

and contact time? 
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1.4 Delimitations 
This study is based on pilot experiments and the concentration of chromium in the wastewater was 

diluted by a factor of 300. The results of this study may possibly differ in an expanded scale, since the 

actual volume of the wastewater is bigger and the chromium concentrations are in fact much higher. 

2 THEORY 

2.1 Chromium 
Chromium is a transition metal mostly used in alloys, paints and pigments and during manufacturing 

processes of catalysts. In the natural environment, chromium is present in two stable oxidation 

states, Cr(III) and Cr(VI), where the ratio of the two compounds varies depending on pH value, redox 

potentials, total chromium concentration and redox reaction kinetics. Because chromium consists of 

variable oxidation states in water the guideline value set by WHO regards total chromium 

concentration, this value is set to 0.05 ppm (WHO, 2012). 

The most common form of chromium in the environment is Cr(III). Cr(III) easily forms hydroxides in 

water. At pH > 5.5 Cr(III) is present as Cr(OH)3 and Cr(OH)4
- while it forms CrOH 2+ within pH range 4 - 

5.5. In solutions with pH < 4 Cr(III) mostly is present in the free form of Cr3+ (Figure 1). Cr(VI) is much 

more mobile than Cr(III) and is soluble in both alkaline and acid environments. In solutions with pH > 

6.5 Cr(VI) is present as CrO4
2- (chromate). In solutions with pH < 6.5 Cr(VI) forms HCrO4

2- (United 

States Environmental Protection Agency, 2000). Although Cr(III) is an essential nutrient Cr(VI) is 

carcinogenic and allergenic (WHO, 2012). 

 

Figure 1. Eh-pH diagram of chromium in aqueous solutions. The yellow box represent complexes with Cr(VI) and the green 
box represent complexes with Cr(III) (after United States Environmental Protection Agency, p. 6, 2000). 
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The reduction of Cr(VI) to Cr(III) in natural soils and waters can proceed in the presence of a variety 

of electron donors. Organic matter, hydrogen sulfide ions (HS-) and compounds containing Fe(II) are 

all known to serve as reducing agents for Cr(VI) (Buerge & Hug, 1997). 

2.2 Minerals 
Earlier studies have shown that clay minerals may be able to remove heavy metals from water by 

adsorption. Minerals can be found together with organic matter in natural soils (Hernell, 2009). 

There are two types of soil minerals, primary and secondary. Primary minerals are derived from the 

original material. A further weathering process of primary minerals produces the secondary minerals. 

The secondary minerals often form small particles and will therefore belong to clay minerals. 

Particles classify as clay fractions when the particle size is < 2 μm. Due to the small particles in clay 

minerals the surface areas are large which enable for the clay mineral to take part in many reactions 

in the soil (Gustafsson et al., 2007).  

Silicate minerals are the most common mineral in soils, which is not surprising since it consists of the 

two major elements (O, Si) in the Earth’s crust.  Depending on the size and charge of a central atom 

in the silicate mineral, the resulting molecule forms either a tetrahedral or octahedral structure. The 

central atoms are often surrounded by negatively charged oxygen ligands. Silicate minerals often 

develop a negative charge. The surface of clay minerals has both a permanent and a variable 

negative charge.  

The permanent charge in clay minerals occurs during the formation of a mineral and is caused by 

isomorphic substitution (Gustafsson et al., 2007). Isomorphic substitution is a replacement of an 

atom or ion with another atom or ion with same size but with different charge (Wenk, 2004). This 

surface charge is independent of the surrounding pH. Other cations in the structure, which are not 

central atoms, can enter the structure and compensate for the produced surface charge. Related to 

the isomorphic substitution, secondary minerals (for example secondary phyllosilicate) serve as ion 

exchangers.  

A variable surface charge is dependent on the pH in the surrounding solution. Oxygen on the oxide 

surface can take up or release protons depending on pH. An uptake of protons generates a positively 

charged surface, while release of protons generates a negatively charged surface. An increased 

amount of hydrogen ions, lower pH, will increase the amount of positively charged sites (Gustafsson 

et al., 2007).  

2.3 Reduction 
From the beginning, oxidation and reduction referred to the adoption and release of oxygen (Hägg, 

1984). In adoption of oxygen the molecule electrons transfers towards oxygen atoms due to the high 

electronegativity for oxygen. The opposite happens when an oxygen atoms is release. This electron 

transfer can happen even between other atoms and therefore it exist a general definition of 

oxidation and reduction. Reduction of an atom in general means an uptake of an electron, which 

decreases the oxidation number. For oxidation it is contrariwise, release of atoms gives a higher 

oxidation number. Since the process means a shift of electrons, oxidation and reduction has to be 

coupled. The two atoms that participate in the transfer process of electrons are called a redox pair. 

One atom is in its oxidized form,   , and the other in the reduced form,    . When the following 
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reaction moves to the right it means that reduction takes place. When the reaction moves to the left 

oxidation takes place: 

            (1) 

  is the numbers of electrons that are transferred to complete the process.  At least two redox pairs 

must be involved for a total redox process, one reduction process and one oxidation process (Hägg, 

1984). 

To make a redox process lucid it can be easier to divide the total process into different part 

processes. For example the oxidation of      to      (Equation 2) and the reduction of      
   to 

     (Equation 3) are two part process (Hägg, 1984). Water and water ions are used to balance the 

total process. Together those parts can be expressed as the total redox process (Equation 4). 

                 (2) 

     
                          (3) 

     
                                 (4) 
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3 MATERIALS AND METHODS 

3.1 Experimental procedure 
To fulfill the aim of this study a number of experiments were performed. The first step was to find 

removal agents that possibly could serve as reduction agents or adsorbents of chromium. Two 

different clays were investigated as removal agents. They were ground to smaller particles and 

exposed to different pH levels to see whether they dissolved or not at any pH.  

The removal agents were mixed with diluted wastewater in bottles and after that the bottles were 

shaken for a specific time period. After shaking, the wastewater was filtered and then the total 

chromium concentration was measured. This procedure was repeated a couple of times. The first 

experiment just investigated if any of the removal agents completely reducedn or adsorbed 

chromium. Laboratory work then continued with analysis of the removal agent proven to be best at 

different pH values. This was done to optimize removal according to pH. The next step was to 

optimize the dosage of removal agent and the last step was to decide the optimal contact time. 

Following section describes the specific details about the experiments. 

3.2 Removal agents 
To remove chromium from the wastewater by either reduction and precipitation or by adsorption, 

four different materials were examined: two different natural clays, bauxite and Fe(II) sulfate. 

Composition and origin of the materials will be described further in the following section. 

Natural clay 1 

One of the clays, clay 1, used in the experiments was collected from Namadzi-Zomba region in 

southern Malawi (British Geological Survey, 2009). Since no chemical analysis of clay 1 was made, the 

clay mineralogy is unknown. However, the bedrock in the region where clay 1 was collected is 

phosphate-rich. Therefore, the clay might be rich in phosphate (British Geological Survey, 2009). 

Natural clay 1 is light brown in color (Figure 2). 

Natural clay 2 

The other clay, clay 2, was collected from Geological Survey department in Zomba. The mineralogy of 

clay 2 is, as for clay 1, unknown. No chemical analysis of clay 2 was made. According to Sajidu 

(personal communication, 2012) clay 2 consists of more than 50 % iron. This high iron content 

suggests that this is in fact not a pure clay mineral but a clay mixed with an iron oxide, Fe(OH)3 

(Herbert, personal communication, 2013). The high iron content makes natural clay 2 black colored 

(Figure 2). 

Bauxite 

The bauxite used in the experiments (Figure 2) was collected from Mulanje Mountain in the southern 

region of Malawi by Geological Survey department in Zomba. Bauxite contains of a mixture of 

minerals such as goethite, quartz, magnetite and hematite and different aluminum hydroxides. It is 

considered to be a rock rather than a mineral and is formed in wet tropical or subtropical climate 

zones of lateritic soils (King, 2012). The composition of the bauxite used in this experiment is 

unknown.  
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Fe(II)sulfate 

Fe(II) sulfate is a blue-green salt (Figure 2). The use of Fe(II) sulfate is mostly for production of other 

iron compounds and in wastewater treatment as coagulants (NE, 2012a). Reducing Cr(VI) to Cr(III) 

with Fe(II) as the reducing agent occurs according to equation (4) where pH below 4 increases the 

reduction rate (Buerge & Hug, 1997).  

 

3.2.1 Preparation of clay samples 

The clays were ground with Retsch RM-100 to increase the specific surface of the clays making it 

easier for chemical reactions to take place. The ground clays were filtered through a sieve to receive 

particles with diameter < 0.5 mm. 

3.3 Analysis 
Two different methods were used to examine whether Cr(VI) could be removed from the 

wastewater. One included reduction of Cr(VI) to Cr(III), which can be removed, while the other 

method aimed to directly adsorb negatively charged compounds of Cr(VI) to positively charged 

surfaces. 

Figure 2. The four removal agents. Upper left: natural clay 1, upper right: natural clay 2, lower left: bauxite, lower right: 
Fe(II)sulfate. 
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3.3.1 Wastewater 

Wastewater was collected from a match factory in Blantyre. Before analysis the wastewater was 

filtered through a membrane filter with 0.45 μm pores to remove bigger particles. To be able to 

measure the initial concentration of chromium, with MP-AES (see below), the wastewater needed to 

be diluted with distilled water to a measurable concentration. A suitable dilution factor was chosen 

and the diluted wastewater was used during the following analysis.  

3.3.2 Change of clay characteristics with lowering pH 

Both methods for removal of chromium included lowering pH of the wastewater sample, to change 

surface charge for adsorption and to investigate if a reduction worked for different pH.   Because of 

this pH change, the two clays were exposed to different pH levels to determine if the clays were 

dissolved at any pH. A dissolution would possibly affect the clays’ potential of serving as both 

reducing agent and adsorbent. 

2 g of the grained clay sample was mixed with 50 mL of distilled water and stirred with a Metrohm 

728 stirrer for 5 minutes. Initial pH of the sample was measured with Metrohm 827 pH lab and 

followed continuously throughout the test. Using a Metrohm 775 Dosimat, 0.5 M nitric acid (HNO3) 

was added to the sample to complete the acidification. During the test, clay characteristics were 

observed. 

3.3.3 Microwave Plasma – Atomic Emission Spectrometer (MP-AES) 

Atoms exist in different energy levels and energy can be released as electromagnetic radiation when 

an atom changes from a higher level to a lower level, the electrons in the atom are transferred to an 

excited state, and then decay back to the ground state (NE, 2012b). To excite an atom high 

temperature gases can be used. When an atom goes back from the excited state radiation 

characterized for each element is released. In atomic emission spectrometry (AES) the emitted 

radiation is detect by wavelength to identify or measure concentrations of elements in a sample. To 

reach necessary high temperature either flames or high-temperature plasma, which is a gas with high 

concentrations of ions and electrons, can be used (Jackson and Jackson, 2011). In this project a MP-

AES from Agilent Technologies was used. This instrument, 4100 MP-AES (Figure 3), uses microwave 

energy to produce stable nitrogen plasma from where light is emitted and the spectrum is measured 

with a detector (Agilent Technologies, 2012). The detected wavelength for chromium was set to 

425.433 nm. 
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Figure 3. The MP-AES from Agilent Technologies that was used in this projected to measure concentration of total 
chromium.  

3.3.4 Reduction and/or adsorption of Cr(VI) 

To reduce Cr(VI) to Cr(III) the two clays and Fe(II) sulfate were investigated as possible reducing 

agents. The clays also served as adsorbents of Cr(III). For the analysis of adsorption of negatively 

charged Cr(VI) compounds, bauxite and the two clays with a lower pH were used. 

At first 5.0 g of the removal agents was balanced with Mettler AE 163 and put in 500 mL bottles. 

Duplicates of all samples were made to ensure that the results had minimal measurement errors. 50 

mL of diluted wastewater was added to the bottles and the bottles were shaken for 60 minutes with 

Stuart mini orbital shaker SSM1 with the pace of 200 rpm, revolutions per minute (Figure 4). For the 

adsorption agents pH was lowered to 3.0. No measurement of possible pH changes after shaking of 

the samples was made. 
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Figure 4. Bottles containing wastewater and removal agents were shaken in Stuart mini orbital shaker SSM1. 

After mixing, the samples were filtered through double Whatman No. 1 filter papers (Figure 5). To 

remove particles with diameter < 0.45 µm a membrane filter and vacuum pump was used. The total 

chromium concentration in each sample was then measured with MP-AES.   

 

Figure 5. Samples were filtered through double Whatman No. 1 filter papers. 

The adsorption of chromium (%) in each sample was calculated with equation (5). 

                   
                   

                 
     (5) 
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To investigate whether any of the reducing agents (clay 1, clay 2 and Fe(II) sulfate) were able to 

reduce Cr(VI) to Cr(III), 1 M NaOH was added drop wise to the treated water samples. Addition of 

NaOH to solutions containing Cr(III) will cause precipitation to form according to equation (6) 

                     (6) 

The pH of the treated water samples was not measured after adding NaOH. 

3.3.5 Optimized pH 

To optimize the removal of chromium the experiment was performed at different pH levels.  20 mM 

nitric acid was added slowly with a Metrohm 775 Dosimat to produce a lower pH. The measurement 

for pH was made with an eco testr pH meter and solutions with pH values of 2.0, 3.0, 4.0, 5.0 and 6.0 

were analyzed further.  50 mL of each water solution was mixed with 5.0 g of the solid removal 

agents for 60 minutes. Duplicates of all samples were made to check the reproducibility. After mixing 

all samples were filtered through the 0.45 μm membrane filter and the total chromium 

concentration was measured. Due to lack of time final pH of the samples was not measured. 

The removal of chromium was observed as the difference in concentration after the mixing and 

filtering processes. The initial concentration for each pH solution was calculated by equation (7). 

                (7) 

Where   is concentration and   volume for solution   and    . 

A study of change in total chromium concentration with lowering pH in the wastewater alone was 

also made to investigate whether hydrolysis affected the chromium concentration. 20 mM nitric acid 

was used to lower pH to 2.0, 3.0, 4.0, 5.0 and 5.0. Total chromium concentrations in the samples 

were then measured with MP-AES. 

3.3.6 Optimized dosage 

To optimize dosage different amount of removal agents were used at constant pH. The amounts 

used were 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5.0 g. The samples were then mixed with 

diluted wastewater at optimal pH for 60 minutes. Total chromium concentration in the different 

samples was measured. 

3.3.7 Optimized contact time 

To figure out a sufficient contact time for the optimal removal of chromium two dosages of removal 

agent where investigated in different time series. One dosage in the experiment was 1.5g less than 

the optimal dosage while the other was the optimal. The smaller amount was tested as a comparison 

to the optimum dosage. The dosages of removal agent were added to 50 mL diluted wastewater and 

extracted with regular intervals from 5 to 60 minutes during the mixing process.  The samples with 

different contact time were filtered through the 0.45 µm membrane filter and the concentrations of 

chromium were measured.  
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4 RESULTS 

4.1 Analysis 

4.1.1 Wastewater 

Initial concentration of chromium in the wastewater from the match factory was observed in the 

range of 111 to 141 ppm (Appendix 7.1). To reach a measurable concentration in the MP-AES it was 

necessary to dilute the wastewater by a factor of 300. 

4.1.2 Change of clay characteristics with lowering pH 

Initial pH of clay 1 mixed with distilled water was 6.6. At pH 3.0 no dissolution was visible, the only 

change that was seen with eyes was an increas in sedimentation rate. Clay 2 did not show any 

change in characteristics by lowering pH to 3.0. 

4.1.3 Reduction and adsorption of Cr(VI) 

Addition of NaOH to the untreated and the treated wastewater caused no precipitate to form. The 

expected green precipitate was visually search for, and the lack of precipitate indicates that both 

untreated and treated wastewater contained Cr(VI) and that no reduction took place in any of the 

tested samples. 

The adsorption of chromium was successful with bauxite and clay 2 at pH 3.0. Of those two, bauxite 

was the solid substance that adsorbed most of the chromium (table 1 and appendix 7.2). Negative 

values in the table indicate increase in total chromium concentration in the sample. 

Table 1. Change in total chromium for each removal agent after the mixing and filtering process. A negative value indicates 
an increase in total chromium instead of the expected decrease.  

Removal agent Change in total chromium concentration % 

Clay 1, pH 6.9 -27.14 

Clay 2, pH 6.9 -11.43 

Bauxite, pH 3.0 95.00 

Clay 1, pH 3.0 -2.50 

Clay 2, pH 3.0 28.75 

Iron(II)sulfate, pH 3.0 -80.00 
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4.1.4 Optimized pH 

The adsorption of chromium with bauxite showed not to be dependent of pH (Figure 6 and appendix 

7.3). 

 

Figure 6. The blue diamonds show how the adsorption of Cr(VI) with bauxite depends on pH. The adsorption without bauxite 
at different pH is illustrated with the red square. The difference between the blue diamond and red square shows the 
adsorption due to the presence of bauxite.  The adsorption showed not to be dependent of pH. A doubled value for some 
points shows the variation of the measurements. 

4.1.5 Optimized dosage 

The removal of chromium increased with increased dosage. The optimal dosage for removal of 

chromium with bauxite was determined to 3.5 g bauxite to 50 mL diluted wastewater (Figure 7 and 

appendix 7.4). 

 

Figure 7. An increased dosage of bauxite increased the adsorption of Cr(VI).  
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4.1.6 Optimized contact time 

Experiments with 2.0 g bauxite, a smaller amount than previously determined as optimized, mixed 

with 50 mL diluted wastewater showed that longer contact time increased the adsorption. The 

adsorption of chromium did not exceed 67 %. To investigate if the adsorption followed the same 

pattern with the optimal dosage experiments were performed with 3.5 g bauxite. The time for 

optimal chromium adsorption was determined to 40 minutes (Figure 8 and appendix 7.5). 

 

Figure 8. Adsorption of Cr(VI) with 2.0 g bauxite (blue diamond) and 3.5 g (red square) in 50 mL wastewater show similar 
relation with contact time.  An increased contact time increases adsorption of chromium. 
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5 DISCUSSION 
As previously shown, none of the reducing agents were able to reduce Cr(VI) to Cr(III). Both of the 

clays and especially Fe(II) sulfate were expected to reduce Cr(VI) because of their high content of 

iron. Instead of removing chromium, all of the reducing agents, except clay 2 with lower pH, released 

chromium to the water. Since the exact composition of the natural clays investigated is not known it 

is difficult to say why they could not complete the reduction. However, the test to determine 

whether any reduction took place can also be seen as simplified. The method was highly dependent 

on the amount of NaOH added to the water sample to make precipitation with Cr(III) but too much 

addition of NaOH would make the reaction go backwards and no precipitation would be visible. If the 

concentration of different oxidation states of chromium, Cr(III) and Cr(VI), would be measurable then 

more precise tests could be made. Because natural clay 2 was able to remove some chromium it 

would be interesting to know whether it was by reduction of Cr(VI) and adsorption of Cr(III) or just 

adsorption of Cr(VI). 

Although clay 2 removed chromium it was, according to the reduction test, not able to complete the 

reduction. The total chromium concentration decreased anyway which indicates that adsorption of 

Cr(VI) took place instead of reduction, this in the samples with lower pH. The assumption that change 

in surface charge of clay minerals would increase adsorption of negatively charged Cr(VI) compounds 

is therefore considered valid. The reason why clay 1 could not adsorb Cr(VI) would possibly be 

because of insufficient change in surface charge. It might be that clay 1 lacks of variable surface 

charge sites. The adsorption of Cr(VI) compounds to a mineral is dependent on a positive surface 

charge, which does not generally occur on clay minerals. Further analysis of the two clays’ 

composition and bonding types would be of interest to understand why they were not able to 

remove chromium satisfactorily. 

Bauxite was the only removing agent that almost completely removed chromium. Since no reduction 

occurred, Cr(VI) was adsorbed to bauxite´s mineral surface. This means that bauxite has different and 

probably more sites with variable surface charge than both of the clays. One other reason, not 

previously discussed in this report, might be the bauxite´s high content of aluminum. Determination 

of adsorption mechanisms of bauxite has to be investigated further to be sure which component in 

the mineral that is able to remove the chromium. 

When the test of change in clay characteristics with lowering pH was made, the sedimentation rate 

of the clays increased with decreased pH. One possible explanation for this could be that some of the 

clay mineral surfaces completed the surface charge change from negative to positive while others did 

not. They may have attracted one another forming bigger colloids increasing the sedimentation rate, 

or they may have become neutrally charged and thus flocculated easier. The consequences of 

lowering pH should be determined before implementation of this method since it could affect the 

results. 

When optimizing the conditions for removal of chromium it was found that the reactions were 

independent of pH. Hydrolysis was not affecting the removal, thus bauxite alone is the removing 

agent. As for the dosage 3.5 g of bauxite was enough for 50 mL of diluted wastewater. The specific 

surface of the bauxite was sufficiently big to adsorb Cr(VI) with this amount of mineral. 

Optimization of contact time was performed differently than the other experiments. The 

experiments were carried out with a smaller dosage of bauxite than the optimal to investigate if the 
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contact time followed same pattern as with optimal dosage. To be able to keep all of the samples in 

the shaker the amount of bauxite and wastewater had to be doubled. Every five minutes 50 mL of 

the water was removed from the shaker and filtered. The remaining 50 mL of wastewater in the 

bottle were then shaken with double dosage of bauxite since it was impossible to remove the 

mineral. Thus samples shaken for 10, 20, 30, 40, 50 and 60 minutes have had larger dosage than all 

the other samples in the same and previous experiments. Despite larger dosage the removal of 

chromium was not considered fulfilled, only 60 % was removed after 40 minutes. Lack of time made 

analysis with optimal dosage performed without making duplicates of the samples which mean that 

the results might be doubtful. The adsorption curve of optimal dosage follows same pattern as the 

curve with non optimal dosage, only shifted on the y axis. 

Another questionable result is the increase of chromium with some removal agents. The reason for 

this inconvenience might be that the water sample was contaminated during the experiment or 

simply carelessness when performing the laboratory work. If not, then the clays contain chromium 

and can therefore not be considered suitable for removal of chromium from wastewater.  

As described earlier, the occurrence of chromium in different oxidation states depends on pH, redox 

potentials, redox reaction kinetics and total chromium concentration. It must therefore be 

considered possible that when diluting the wastewater it affected in which form chromium was 

present in the water. That could, in turn, have affected both the adsorption and reduction. So if the 

oxidation state at which chromium is present in the wastewater changes when wastewater is diluted, 

this method may not work in bigger scale. 

This project was performed in small scale which means that reactions in bigger scale might not 

behave as expected in this study. The wastewater was diluted 300 times and in theory the dosage of 

bauxite has to be 300 times larger than in these experiments. To 50 mL undiluted wastewater 1050 g 

of bauxite is needed. The question is if that is even possible to accomplish in reality. Since the aim of 

this project only was to find a method that could purify wastewater from chromium it goes beyond 

this study to answer such questions. But before implementing this method further studies has to be 

made. 

6 CONCLUSIONS  
None of the investigated reducing agents clay 1, clay 2 and Fe(II) sulfate were able to reduce Cr(VI) to 

Cr(III). Clay 1 could not serve as adsorbent of chromium. Bauxite was able to adsorb higher amount 

of chromium than clay 2. The adsorption with bauxite was pH independent and the optimized 

conditions for removal of chromium in 50mL diluted wastewater were 3.5 g of bauxite mixed in 40 

minutes. 
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8 APPENDIX - Results 

8.1 Wastewater 
Wastewater is diluted with factors of 150, 200 and 300 and the concentration of chromium is 
measured.   

Wastewater [mL] Total volume [mL] Dilution 
factor [x] 

Cr. measured 
[ppm] 

Cr. initial [ppm] 

0.33 50 150 0.74 111 

0.25 50 200 0.68 136 

3 50 300 0.47 141 

 

8.2 Reduction and adsorption of Cr(VI) 
Different solid substances are used to see how much chromium that could be removed. Negative 
values indicate that the concentrations of chromium increased.  

Sample Solid substance Mass [g] 

pH in 
wastewater. 
initial 

pH in 
wastewater. 
after first 
filter Cr [ppm] 

Removed 
Cr % 

1 Clay 1. brown 4.99104 6.9 6.7 0.44 -25.7143 

2 Clay 1. brown 5.0006 6.9 6.8 0.45 -28.5714 

3 Clay 2. black 5.0042 6.9 6.8 0.37 -5.71429 

4 Clay 2. black 5.0049 6.9 6.7 0.41 -17.1429 

5 Bauxite 5.0102 3 4.2 0.02 95 

6 Bauxite 5.008 3 4.2 0.02 95 

7 Clay 1. brown 4.9918 3 5.9 0.41 -2.5 

8 Clay 1. brown 4.9959 3 5.9 0.41 -2.5 

9 Clay 2. black 5.0213 3 6 0.26 35 

10 Clay 2. black 5.0072 3 6 0.31 22.5 

11 Iron(II)sulfate 5.0056 3 3 0.71 -77.5 

12 Iron(II)sulfate 5.0081 3 3.1 0.73 -82.5 

 
Untreated. initial pH 

 
6.9 

 
0.35 

 

 
Untreated. pH 3 

 
3 

 
0.4 
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8.3 Optimized pH 
The necessary added volume of NHO3 with Metrohm 775 Dosimat to increase pH in step of one unit 

from 6 to 2.The volumes were used to calculate the concentration for the pH specific Cr 

concentration.  

pH 
Volume HNO3. 
total added [mL] 

Volume HNO3.  
added [mL] 

Initial Cr. calulated (pH 
spec.) [ppm] V initial V add 

6 0.152 0.152 0.40988625 547.7 547.852 

5 0.664 0.512 0.40941819 447.852 448.364 

4 1.942 1.278 0.40792169 348.364 349.642 

3 10.786 8.844 0.39396481 249.642 258.486 

2 76.28 65.494 0.27876554 158.486 223.98 

Initial 
  

0.41 
   

Measured concentrations of total chromium for pH 6 to 2. To calculated the adsorbed Cr(VI) the 
calculated pH specific initial concentration from table 4 were used with the measured chromium 
concentration.  

Sample Mass [g] 

pH in 
wastewater. 
initial Cr. initial (pH spec.) [ppm] Cr [ppm]  Ads Cr % 

1 5.0051 6 0.409886247 0.03 92.68089616 

2 5.0182 6 0.409886247 0.03 92.68089616 

3 5.0004 4.8 0.37 0.03 91.89189189 

4 5.0092 4.8 0.37 0.04 89.18918919 

5 5.014 4 0.407921694 0.03 92.64564732 

6 5.0011 4 0.407921694 0.02 95.09709821 

7 5.0008 3 0.393964808 0.02 94.92340443 

8 5.0167 3 0.393964808 0.02 94.92340443 

9 5.012 2 0.278765544 0.06 78.47653656 

10 5.0039 2 0.278765544 0.04 85.65102437 

Initial 
 

6.2 
 

0.41 
  

The change in Cr(VI)-concentration without any bauxite for different pH. 

pH 
Volume HNO3. total 
added [mL] 

Volume 
HNO3. 
added 
[mL] 

Volume. 
initial 

Volume. 
after 
added 
acid 

Cr 
measured 
[ppm] 

Cr 
calculated 
[ppm] 

Change 
in Cr % 

6 0 0 400 400 0.43 0.43 0 

5 0.45 0.45 350 350.45 0.44 0.429448 -2.45714 

4 1.182 0.732 300.45 301.182 0.45 0.428404 -5.04101 

3 8.114 6.932 251.182 258.114 0.44 0.416899 -5.54122 

2.1 80 71.886 208.114 280 0.31 0.309866 -0.04326 

 

  



20 
 

8.4 Optimized dosage 
The adsorption of Cr(VI) for different dosages of bauxite. The adsorptions increase with increased 
dosage.  

samples  Dosage [g] pH Cr [ppm] Ads Cr % 

 
0.5 6.2 0.26 31.57895 

 
0.5 6.2 0.24 36.84211 

1 1.0048 6.1 0.18 52.63158 

2 1.005 6.1 0.18 52.63158 

3 1.5071 6.1 0.2 47.36842 

4 1.5073 6.1 0.13 65.78947 

5 2.0097 6.1 0.16 57.89474 

6 2.0097 6.1 0.09 76.31579 

7 2.5022 6.1 0.16 57.89474 

8 2.4997 6.1 0.13 65.78947 

9 3.0116 6.1 0.06 84.21053 

10 3.0121 6.1 0.06 84.21053 

11 3.5007 6.1 0.09 76.31579 

12 3.5096 6.1 0.04 89.47368 

13 4.0152 6.1 0.04 89.47368 

14 3.9998 6.1 0.04 89.47368 

15 4.5008 6.1 0.04 89.47368 

16 4.5177 6.1 0.05 86.84211 

17 5.0034 6.1 0.03 92.10526 

18 5.0015 6.1 0.03 92.10526 

Initial 
  

0.38 
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8.5 Optimized contact time 
100 mL wastewater was mixed with approximately 4 g bauxite, which means 2 g bauxite to 50mL 
wastewater. The adsorption of Cr(VI) increase with longer contact time. 

samples  Dosage [g] contact time [min] Cr [ppm] Ads Cr % 

1 4.0105 5 0.37 11.90476 

2 4.0114 5 0.36 14.28571 

3 4.0105 10 0.27 35.71429 

4 4.0114 10 0.21 50 

5 4.0003 15 0.23 45.2381 

6 4.0052 15 0.23 45.2381 

7 4.0003 20 0.18 57.14286 

8 4.0082 20 0.17 59.52381 

9 4.0151 25 0.16 61.90476 

10 4.0084 25 0.22 47.61905 

11 4.0151 30 0.14 66.66667 

12 4.0084 30 0.21 50 

13 3.9984 35 0.21 50 

14 4.0042 35 0.21 50 

15 3.9984 40 0.21 50 

16 4.0042 40 0.2 52.38095 

17 4.0006 45 0.17 59.52381 

18 4.0113 45 0.15 64.28571 

19 4.0006 50 0.15 64.28571 

20 4.0113 50 0.14 66.66667 

21 4.0088 55 0.15 64.28571 

22 4.0064 55 0.21 50 

23 4.0088 60 0.15 64.28571 

24 4.0064 60 0.21 50 

Initial 
  

0.42 
  

The adsorption increase with longer contact time for the samples with 3.5 g bauxite to 50 mL 
wastewater.  

samples  Dosage [g] contact time [min] Cr [ppm] Ads Cr % 

1 3.5059 5 0.2 57.44681 

2 3.5046 10 0.18 61.70213 

3 3.4999 20 0.11 76.59574 

4 3.508 30 0.1 78.7234 

5 3.5019 40 0.08 82.97872 

6 3.499 50 0.09 80.85106 

Initial 
  

0.47 
  


