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• Fresh water accounts for 0,30% of water available on earth [1]

- Rivers, lakes and swamps

• Factors that contribute to global and local water shortages [2]

- Population growth

- Rapid industrialisation

- Pollution by anthropogenic sources

- Poor management of natural resources

• Industrial wastewater is discharged into the water [3]

- 90% of wastewater produced
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• Water contamination is a growing concern

- Food security

- Biodiversity

- Water-energy nexus

• Industrial wastewater mainly contains inorganic and organic pollutants [4]

- Heavy metals

- Phenol derivatives
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• Heavy metal sources

- Mining , textile printing and smelting activities

• Phenolic compounds’ sources

- Paper and pulp, plastics and resins industries

• Characteristics of heavy metals and phenolic compounds [3] [5]

- Non-biodegradable 

- Bioaccumulative 

- Leads to biomagnification
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• Conventional methods of wastewater treatment [6] [7]

- Chemical precipitation
- Toxic sludge generation
- Disposal costs

- Membrane filtration
- Fouling
- High capital investment

• Adsorption is a better alternative [6] [8]

- Effective
- Simple operation
- Adaptable 
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• Activated carbon is the most common adsorbent [9] 

- Large surface area

- Porous structure

- Functional groups

• Activated carbon disadvantages include [10] [11] [12]

- High temperature

- Expensive feedstocks

- Requires additional treatment steps
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• Biochar is an alternative to activated carbon
- Produced from biomass

- agricultural crops and waste 
- municipal waste
- industrial waste

• Produced by the two main thermochemical processes
- Hydrothermal liquefaction (HTL)
- Pyrolysis 

• Pyrolysis disadvantages [13] 

- Biochar produced has limited properties
- Dry biomass must be used
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• Hydrothermal liquefaction is the preferred route[13] [14]

- Low temperatures

- Wet biomass can be used

- Low cost feedstocks

- Biochar produced has more properties

- Better adsorption performance

- Polar functional groups
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• Paper sludge produced annually by the paper and pulp industry [15]

- China: 12 million tons

- United States: 8 million tons

- Western Europe: 6 million tons

- Japan: 3 million tons

• South Africa produces 0.50 million tons annually [16]

• Paper sludge landfilled or agricultural applications [17]

- Additional disposal costs

- Leaching of contaminants
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• Paper sludge can be used for bio-processes

- Reduced environment impact

- Ground water sources: leaching

- Waste management costs

• Limited literature of paper sludge

- Biochar by hydrothermal liquefaction

- Removal of heavy metals and organics

- Synthetic and real industrial wastewater
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The purpose of the study is to determine the effectiveness of paper

sludge based biochar as a possible adsorbent to remove heavy metals

and volatile organics from an industrial paper mill’s wastewater

stream.
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• Objective 1: Characterisation of raw materials

- Industrial wastewater

- Waste paper sludge

• Objective 2: Prepare and characterise biochar

- Biochar produced by HTL

- De-ash the biochar produced

- Homogeneous sample preparation

• Objective 3: Characterise adsorptive performance of biochar in a synthetic heavy 

metal environment

- Calcium: highest concentration in industrial wastewater
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• Objective 4: Characterise adsorptive performance of biochar in a 

synthetic organic environment

- Phenol: highest concentration in industrial wastewater

• Objective 5: Compare the performance of biochar with activated 

carbon

- Synthetic wastewater

- Real industrial wastewater
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Analysis type Purpose of analysis Progress 

FTIR analysis Surface functional groups Done 

Proximate analysis Moisture, volatile and ash content 
as well as the fixed carbon 

Done 

Calorific analysis Higher heating value Done 

Fibre analysis Cellulose, hemicellulose and lignin 
content 

Done 

SEM analysis Physical morphology Done 

BET analysis Surface area, average pore size 
distribution, average pore size and 

average porosity 

To be done 

Elemental analysis C, H, N, S, O content To be done 
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Proximate analysis (wt %)  
Moisture content 54.80 

Volatile matter 15.60 

Ash 26.60 

Fixed carbon 3.00 

Fibre analysis (wt %)  

Hemicellulose 12.47 

Cellulose 35.32 

Lignin 6.37 
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• Biochar was produced by hydrothermal liquefaction

- 316 Stainless steel autoclave

- Feedstock: 200 g paper sludge

- Temperature: 300°C and 280°C

- Starting pressure: 5 bar

- Residence time: 15 minutes

- Nitrogen atmosphere
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Before
After
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Objective 2: Biochar de-ashing 

Washing with water

After filtration
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Objective 2: Homogeneous sample preparation 

Before splitting After splitting
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Analysis type Purpose of analysis Progress 

FTIR analysis Surface functional groups Done 

Proximate analysis Moisture, volatile and ash content 
as well as the fixed carbon 

In progress 

Calorific analysis Higher heating value Done 

SEM analysis Physical morphology Done 

Particle size analysis Particle size distribution Done 

BET analysis Surface area, average pore size 
distribution, average pore size and 

average porosity 

To be done 

Elemental analysis C, H, N, S, O content To be done 
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Activated carbon

300°C biochar

280°C biochar
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Objective 3 – 5: Planning
• Adsorption experiments to start after characterisation

- Maximum adsorption capacity will be determined

- Heavy metal environment

- Organic contaminant environment

• The manipulated variables include:
- pH
- Adsorbent dosage
- Contact time
- Rotary speed
- Initial adsorbate concentration

• Temperature will be kept constant
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Thank you
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