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Abstract

Background and Objectives: By improving technology at recent years, some Received: 6 June 2021
new environmental problems created. Electronic waste is one of the Accepted: 14 July 2021
important problems. Recycling of e-wastes is limited. Just some countries by Page Number: 55-65

using traditional methods are recycling e-wastes. Pyrometallurgy and
hydrometallurgy are two recycling methods for e-waste. These traditional
methods are expensive and non-ecofriendly. Bioleaching is a new and
efficient method for e-waste recovery which by interacting microorganisms
helps to metal recovery. In this article biorecovery of Cu, Al, Ni, Zn, Mn, Mg,
Ba, Cr, and Fe from printed circuit boards using one-step bioleaching was

studied. To this purpose computer printed circuit boards were fined and the Keywords:

particle size was in the range of 75-149 micron. Penicillium simplicissimum Bioleaching, One-Step,

was ac_iapted t_o 1% (w/v) of computer_prlnted circuit boards. After adaptation Computer Printed Circuit
and bioleaching process Cu, Al, Ni, Zn, Mn, Mg, Ba, Cr, and Fe were Boards

bioleached about 94%, 99/8%, 100%, 100%, 61%, 81%, 46%, 26%, and o L
100% respectively. This paper proved the great potential of the Penicillium Simplicissimum,
bio-hydrometallurgical route to recover base metals from electronic wastes Basic Metals

of Bioleaching of Basic Metals from Computer Printed Circuit ..

Iranian Chemical Engineering Journal — Vol. 21 - No. 121 (2022): 55-65

using fungi.
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1. Penicillium simplicissimum
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2. Printed Circuit Boards(PCBs)
3. Pyrometellurgy

4. Hydrometallurgy

5. Bio-hydrometallurgical
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1. https://www.statista.com/statistics/1067081/generation-electronic-
waste-globally-forecast/
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8. Ball Mill

9. Biochemical and Bioenvironmental Research Center
10. Sulfuric Acid

11. Sodium Hydroxide

12. Bosshard Medium

13. Potato Dextrose Agar

14. Merck

15. X-Ray Fluorescence (XRF)

16. X-ray Diffraction (XRD)
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1. Bioleaching

2. Autotrophic

3. Heterotrophic

4. Chemolithotrophic

5. Heterotrophic

6. Acidithiobacillus ferrooxidans
7. Acidithiobacillus thiooxidans
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Table 1. Metal content of computer PCBs analyzing by XRF (ppm).
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Figure 1. XRD analysis of computer PCBs.
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Table 2. Bosshard medium.

Yeast
Extract

Composition

Sucrose

Concentration (g/l) 1.6 0.025

0.025 0.5 1.5

100
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Figure 2. The morphology of penicillium simplicissimum a) cultured on Erlenmeyer containing Bosshard medium and 1((w/v) computer
PCBs powder b) cultured on nutrient agar.
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Figure 3. Metal recovery (%) with bioleaching.

1. Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES)
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Table 3. Comparison of the results of this study with literature.

_.3
b))
o\
g Reference Used Fungi Metal Recovery
i}
D
I
Cu 94%
3) Al 100%
& Ni 100%
‘?* Penicillium Zn 100%
<'3 Previous study E-waste simplicissimum Mn 61%
3 P Mg 81%
Ba 46%
Cr 26%
Fe 100%
W 100%
Fe 100%
Spent refinery hydrocrackin Penicillium
(23] i cailal yt : simplicissimum Mo 93%
ys P Ni 66%
Al 25%
[34] Vanadium-rich power plant Penicillium V 90%
residual ash simplicissimum Ni 49%
Penicillium V 100%
[35] Power plant residual ash simplicissimum Ni 40%
P Fe 48%
Vanadium-rich power plant . . V 97%
34 . A ] .
(341 residual ash Spergriius niger Ni 50%
. . Cu 97%
[9] E-waste Aspergillus niger Ni 74%
Spent Zn—Mn or Ni—Cd . . Zn 90%
[30] batteries Aspergillus niger Mn 90%
W 100%
. . Fe 78%
Spent refinery hydrocrackin . .
[31] P ! caél yt g Aspergillus niger Mo 91%
ys Ni 66%
Al 14%
Lateritic chromite Ni 71%
32 A illus ni
321 overburden SPergifius mger Co 67%
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