
Metal recovery subsequent to 

e-waste bioprocessing using 

biological matrices

Thabo Mabuka, UCT MSc Candidate
Centre for Bioprocess Engineering Research 
(CeBER), UCT Chemical Engineering Department
South Africa



Project Background
• CSIR E-waste Roadmap Project.

• Development of an integrated process flowsheet.

• Extraction and Recovery of Valuable metals.
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• Over 1.9 million tons of EEE imported every year.

•10 % to 20 % of imported EEE is Waste Electrical and 

Electronic Equipment (E-waste).

•Global production of e-waste was 44.7 million tons in 2017 

expected to reach 52.2 million tons in 2021.

•Africa produced about 3.3 million tons of e-waste in 2017 

(Baldé et al., 2017). 

Waste Electrical and Electronic 

Equipment (E-waste) in Africa 



• E-waste represents less than 2% of the land fill mass but 

contributes 70 % of it’s hazardous material (Namias, 2013).

•The hazardous material in e-waste includes heavy metals and 

other compounds such as halogenated flame retardants 

(Kavitha, 2014)

•Contaminated leachates that pollute water sources and soil.

•Toxic fumes and occupational hazards.

E-waste environmental impact



•Gold and platinum reserves depleting (Lehohla, 2015).

•Production in mining declining (Baxter, 2016).

•E-waste contains base and precious metals.

•Pyrometallurgy is the current tech for processing e-waste.

•E-waste metal recovery not profitable (Lydall et al., 2017).

•Bio-metallurgy (Bioleaching) potential for process e-waste 

metal fractions (Kavitha, 2014). 

Metal mining in South Africa



The overall objective of  this project is to develop an 

integrated process flowsheet for the extraction and 

recovery of value from electronic waste.

Project Objective



•PCBs make up 8 % of the WEEE collected from small appliances 

and 3 % of the global mass of WEEE (Luda, 2011).

•Gold and copper hold the highest metal value in PCBs at 74 % 

and 13 % respectively.

•34 % of the PCB is metal content and valued at $ 7.60 per kg.

•Base metals: Cu, Fe, Al, Ni, Zn, Pb and Sn.

 

Printed circuit boards
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•Chitosan has higher maximum metal adsorption capacities 

than bacteria, fungi, algae, protein and tannin derivatives. 

(Cui & Zhang, 2008).

• Chitin from Fly larvae (Hermetia illucens) has competitive 

recovery costs to ion exchange resins (Mabuka et al, 2018).

•Chitin selectivity: Fe3+>Cu2+>Pb2+>Zn2+>Ni2+>Mn2+ 

•Chitosan selectivity: Cu2+>Mn2+>Ni2+>Zn2+>Pb2+>Fe3+ 

(Gyliene et al., 2002; Rhazi et al., 2002; Zhou et al., 2004). 

Chitin & Chitosan 



Figure 1: Chemical structure of chitin and chitosan (Rhazi et al., 2002) 

Chitin & Chitosan
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Chitin extraction
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Results



Chitin: Effect of Extraction steps on Ferrous ion adsorption 

Ferrous ion adsorption on 0.5 g Chitin in 200 mL of 175 mg/L Ferrous ions 
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Chitin: Effect of Extraction steps on Copper ion adsorption

Copper ion adsorption on 0.5 g Chitin in 200 mL of 145 mg/L Copper ions 
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Chitin: Effect of Extraction steps on Ferrous ion desorption

Ferrous ion desorption of 0.5 g Chitin-Ferrous in 100 mL of 0.1M H2S04 
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Chitin: Effect of Extraction steps on Copper ion desorption

Copper ion desorption of 0.5 g Chitin-Copper in 100 mL of 0.1M H2SO4 
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Product Extraction sequence

Ferrous, 

Copper 

adsorptio

n Start pH 

Ferrous, 

Copper 

Adsorptio

n Final 

pH

Ferrous 

adsorption 

capacity 

(Fe2+ mg/g 

chitin)

Copper 

adsorption 

capacity 

(Cu2+ mg/g 

chitin)

Chitin 1 Demineralization, Deproteination, Decolourization 3.45 3.56 10.8±0.20 0±1.02

Chitin 2 Demineralization, Deproteination 3.47 3.61 11.7±0.286 1.40±0.937

Chitin 3 Deproteination 3.46 4.05 13.9±0.327 1.33±2.08

Chitin 4 Raw fly larvae 3.45 6.71 13.9±0.413 2.81±1.01

Chitin: Effect of Extraction steps on Ferrous and Copper 

Absorption Capacities

Ferrous and copper ion adsorption capacity for Chitin from Fly larvae (Hermetia Illucens) 



Chitin: Effect of Extraction steps on Ferrous and Copper ion 

desorption

Table: Yield, production cost and recovery cost for Chitin from Fly larvae (Hermetia Illucens) 

Product Extraction sequence

Relative 

Yield (%)

Reagent 

Production cost 

(R/kg)

Recovery costs 

(R/g Fe)

Chitin 1 Demineralization, Deproteination, Decolourization

4.00 12100 1120

Chitin 2 Demineralization, Deproteination
4.75 385 32.9

Chitin 3 Deproteination
25.3 29.2 2.10

Chitin 4 Raw fly larvae 
100 0 0
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Circular economy in Waste Industry

Figure: Potential circular economy in the use of bio-waste to remediate electronic waste 

Fly larvae production 
Protein-rich 

products

Fly larvae shell waste

Chitin & 

Chitosan 

production

Chitin and 

Chitosan

products

Metal Recovery

High value 

metal

products

Biological waste

Electronic waste



References

Baldé, C.P., Forti, V., Kuehr, R. & Stegmann, P. 2017. The Global E-waste Monitor 2017: Quantities, Flows, and Resources. Bonn: UNU-VIE SCYCLE. DOI: 

ISBN 978-92-808-4556-3.

Baxter, R. 2016. MINING IN SOUTH AFRICA : This is the Mining Industry “ Long Cold winters and Short beautiful summers ”. Johannesburg.

Cui, J. & Zhang, L. 2008. Metallurgical recovery of metals from electronic waste: A review. Journal of Hazardous Materials. 158:228–256. DOI: 

10.1016/j.jhazmat.2008.02.001.

Gyliene, O., Rekertas, R. & Šalkauskas, M. 2002. Removal of free and complexed heavy-metal ions by sorbents produced from fly (Musca domestica) larva 

shells. Water Research. 36(16):4128–4136. DOI: 10.1016/S0043-1354(02)00105-7.

Kavitha, A.V. 2014. Extraction of precious metals from ores thereof. Journal of Chemical and Pharmaceutical Sciences. (3):147–149.

Lehohla, P. 2015. Environmental Economics Accounts Compendium. Pretoria.

Luda, M.P. 2011. Recycling of Printed Circuit Boards. Integrated Waste Management - Volume II. 285–299. DOI: 10.5772/17220.

Lydall, M., Nyanjowa, W. & James, Y. 2017. Mapping South Africa ’ s Waste Electrical and Electronic Equipment ( WEEE ) Dismantling , Pre-Processing and 

Processing Technology Landscape Waste Research Development and Mapping South Africa ’ s Waste Electrical and Electronic Equipment ( WEEE ) 

Dismant. Randburg.

Mabuka, T., Harrison, S.T.L. & Govender-opitz, E. 2018. Recovery of Value from an Electronic Waste Stream using a Biological Matrix. 11th iCard IMWA 

MWD Conference -"Risk to Opportunity". 1087–1092.

Namias, J. 2013. The Future of Electronic Waste Recycling in the United States: Obstacles and Domestic Solutions.

Rhazi, M., Desbrières, J., Tolaimate, A., Rinaudo, M., Vottero, P., Alagui, A. & El Meray, M. 2002. Influence of the nature of the metal ions on the 

complexation with chitosan. Application to the treatment of liquid waste. European Polymer Journal. 38(8):1523–1530. DOI: 10.1016/S0014-3057(02)00026-5.

Zhou, D., Zhang, L., Zhou, J. & Guo, S. 2004. Cellulose/chitin beads for adsorption of heavy metals in aqueous solution. Water Research. 38(11):2643–2650. 

DOI: 10.1016/j.watres.2004.03.026.



Thank you for your attention

Thabo Mabuka, UCT MSc Candidate
Centre for Bioprocess Engineering Research 
(CeBER), UCT Chemical Engineering Department
South Africa


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33

