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BACKGROUND

(d Kabwe, was once a major producer of Pb, Zn, Cd and Ag [1]
(Jd However, mine operated without environmental pollution controls [2]

dIn June 1994, the mine operations were shut down

Fig 1. Mining places in Kabwe town




BACKGROUND Cont’d

(12007, Kabwe ranked most polluted town in
Africa [3]

JWater samples from operating wells showed
Pb(Il) concentrations of 2 - 5 mg/L against
WHO safety limit of 0.15 mg/L

d Pb(ll) poisoning can seriously damage the
kidney, liver, brain and nervous and system in
humans [4]




RESEARCH PROBLEM

Heavy Metal Removal
Technologies
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Electrocoagulation Precipitation Activated carbon
Electrodeposition lon exchange Carbon Nanotubes

Electroflotation Wood Sawdust

CURRENT METHODS
Photocatalysis

Membr | '
Nanotechnology (Nanofiber) [5]
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APPLICATTION OF NANOFIBERS
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Fig 3. Application of nanofibers




ADSORPTION

Adsorption process [5]

adsorbate

Physisorption Chemisorption
d Weak forces  Strong forces

= Van de waals forces = Covalent bond
= Polar forces

Fig 5. Adsorption process

adsorbent

Fig 4. Relationship between adsorbate and adsorbent




RESEARCH OBJECTIVE

Aim
1 Develop nanofiber adsorbent from M. oleifera extract and
polyacrylonitrile  (PAN) polymer blend as an effiective
adsorbent for Pb(ll) removal from polluted water.

Objectives
1. Extract polyelectrolyte from M. oleifera seeds
2. Synthesise and characterise of M. oleifera/PAN nanofiber
3. To evaluate the effect of interference from competing cations
salts (NaCl)
4. To investigate the effect of competing ions (binary and multi-ion
system)
5. To investigate regeneration of the adsorbents




EXPERIMENTAL SET-UP

M. oleifera seed extract by saline method

De-fatting of M. oleifera | M. oleifera extract [
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: = Fig 6. Diagram of M. oleifera (a) seed
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EXPERIMENTAL SET-UP Cont’d

Electrospinning Technique
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Fig 6. Schematic diagram of electrospinning
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.. Fig 7. nanofiber (a) mats and (b)
 Electrospinning parameters structure

- Concentration: PAN/M. oleifera (0.8 g PAN and 3 g M. oleifera in 10 mL DMF)
- Voltage (10 KV), - Distance (15 cm), - Flow rate (0.8 ml/hr)
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ADSORPTION EXPERIMENT

C;—C
REz(‘C ) 2100 (1)
i

where RE is the removal (mg/L). efficiency (%), C. and C, are the
initial and concentration at time t respectively

K fons
Hd _ e {:E) K _ d (Pb(IT) E:j)

Hd[v:r:r-c::is:iﬂg tons)

where K, is the distribution coefficient, K is the selectivity, Ce is the equilibrium
concentration, respectively (mg/L) and ge is the equilibrium adsorption capacity

(mg/g)



CHARACTERISATION

 Scanning electron microscopy (SEM)
 Fourier transform infrared (FTIR)
 ImageJ software

d Inductively coupled plasma mass spectrometry (ICP-MS)
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RESULTS AND DISCUSSION
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Fig 8. SEM Images and ) diameter distribution of nanofiber
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Fig 9. FTIR spectra of (a) M. oleifera powder, (b) PAN

powder and (c) PAN/M. oleifera nanofibers.
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RESULTS AND DISCUSSION Cont’d
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Fig 10: Effect of the coexisting ions onto PAN/M. oleifera
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RESULTS AND DISCUSSION Cont’d

Table 1: The water samples sources and their contaminant levels

Metal ion concentration (mg/L)
Water Sample Sources Pbh(II) Zn(Il) Cu(Il) Co{Il)
Shallow wells from Kabwe Mine Township 430 229 092 133
Effluent from Kabwe Mine 1205 1046 390 §28
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Fig 11: Effect of the coexisting ions on the adsorption of Pb(ll)
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RESULTS AND DISCUSSION Cont’d

Table 2: The values of K, and K of coexisting ions

Adsorbent K;(L/g) K

PAN/M. oleifera 23.6 -
1.3 17.5
1.6 15.0
1.4 10.3
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RESULTS AND DISCUSSION Cont’d

Regeneration studies
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I Fig 13. Morphology of fiber (a) before

Fig 12. Adsorption capacity during five adsorption-desorption cycles and (b) after five cycles of adsorption-
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SEM Images

i |
[ [ =
I I I I O
] ]
| ]

]
[
]

Removal Efficiency (%)
=

= ON W oS!
o
1
[

[ ]
Al i gy
1

=
-]

15




CONCLUSION

Successful fabrication of composite nanofiber adsorbent with desirable
characteristics for Pb(ll) removal from agueous water.

Demonstrate that the electrospun composite nanofibers could be used as
an effective adsorbent for Pb(ll) ions from contaminated waters in Kabwe

town of Zambia
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FUTURE PERSPECTIVE

The batch adsorption systems come with limitations in replicating
real-world applications.

Therefore, it is advisable to explore alternative approaches, such as
continuous flow in column system:s.
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