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ABSTRACT

l l ypothesis: Discharge of heavy metals into water effluents poses irreparable

risks that must be necessarily removed. Although existing membrane

technologies such as nanofiltration have played an important role in the
removal of heavy metals due to their pore size, the concern raised by fouling in this
process is considerable. On the contrary, due to the large pore size of the ultrafiltration
membranes, the fouling phenomenon is small, but their ability to remove heavy metals
is limited. Therefore, by the combination of absorption and ultrafiltration process in
the form of photocatalytic absorption membrane, the advantages of these methods can
be obtained simultaneously.
Methods: At first, polymeric ultrafiltration membrane was synthesized by phase
inversion method. The photocatalytic nanoparticles synthesized as adsorbent were
coated on the surface of the ultrafiltration membrane by a chitosan solution. In the next
step, adsorption and reduction of Cr(VI) were investigated in continuous and batch
systems. On the other hand, the antifouling property of the synthesized membrane
was examined in a dead-end system by sodium alginate. PL, FTIR and XRD analyses
were performed to confirm the synthesis of photocatalytic nanoparticles, while EDX,
FE-SEM and contact angle analyses were used to identify the morphology of the
synthesized adsorption membrane.
Findings:The outcomes demonstrated that the addition of photocatalytic ZnO
nanoparticles doped with Mg improved chromium removal performance from 39% to
70% and 77.8% under visible light and ultraviolet radiation, respectively. On the other
hand, the addition of nanoparticles reduced the hydrophilicity of the membrane due to
the lattice and wall-like structure of Mg-doped ZnO and thus reduced the amount of
permeation flux from 53 to 33 and 28 L/m?hr under visible and ultraviolet irradiation.
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Table 1. The performances of membranes for the treatment of Cr(VI).

Membrane type pH Pressure (bar) Cr removal (%) Ref.
Nanofilter 7.1 14 95 16
Nanofilter 7.1 5 52.7 16

Reverse osmosis 3 3.5 99 17
Nanofilter 4 3 79.85 18
Hydrogel 541 - 99.5 19

Ultrafiltration 3.5 1 99 20
Photocatalyst membrane 5.8 5 67.32 21
Adsorptive membrane 3 1 96.6 22
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Fig. 5. EDX results of membranes: (a) M.base and (b) M.Mn-ZnO.
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Table 2. EDX composition analysis of the M-ZnO and M.Mn-ZnO membrane.

. Atomic percentage
Composition
Mn /n O N C
M.base - - 58.91 6.77 34.32
M.Mn-ZnO 5.66 24.72 46.77 - 22.85
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Fig. 6. Cntact angle results of membranes: (a) M.base and (b) M.Mn-ZnO.
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Table3: Removal efficiency and adsorption capacity of chromium ions in the presence of 0.1 g of photocatalytic absorption membrane.

Membrane Adsorption capacity (mg/g) Removal efficiency
irradiation UV irradiation visible UV irradiation visible irradiation
M.base 0.691 0.691 12.25% 12.25%
M.Mn-ZnO 1.79 0.918 35.34% 22.2%
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Fig. 8. Cr rejection percent from M.base and M.Mn-Zno

membranes under visible light irradiation and UV light irradiation.
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Fig. 11. Flux-time diagram for sodium alginate (0.5 ppm)

filtration.
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under visible and UV light.
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Table 4. Derived parameters from Yan model for chromium under UV and visible irradiation.

a q R?
Membrane :
Vis uv Vis uv Vis uv
M.base 0.9528 0.9528 0.521 0.521 0.9928 0.9928
M.Mn-ZnO 0.5771 1.7052 34.19 16.84 0.872 0.9871
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Table 5. Membrane resistance after fouling experiments on M.base and M.Mn-ZnO membranes under visible and UV irradiation.

FRR (%) R, R, R,
Membrane
Vis uv Vis uv Vis uv Vis uv
M.base 38.48 38.48 0.853 0.853 0.615 0.615 0.238 0.238
M.Mn-ZnO 27.07 29.28 0.899 0.913 0.729 0.707 0.17 0.206
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Table 6. A comparison between previous reports and the present work in Cr(VI) removal with adsorptive membrane.

Adsorbent pH Initial E;I;‘;ir)ltraﬁon Removal efficiency (%) Ref.
PAN/GO/Fe,O, 3 50 83 62
chitosan/MWCNTs/Fe, O, 2 60 75 63
FeS/CFFO/PVDF 4.5 5 88.4 64
HFO NPs/PES membrane 2 25 75 65
Eggshell membrane 35 5 81.47 66
HFCM 4 40 44 67
M.Mn-ZnO 2 3 77.8 This work
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