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Biological methods )

Fungal decolorization N
*Application of fungal culture to dyes degradation
from wastewater.

+ eco-friendly, various types of dyes can be
degraded at once, applicable to wider type of
dyes compared to microbial system,
applicable for fluctuating condition,

- very long reaction time which will affect on
the stability of the process, unreliable
performance, requirement of an enzymatic
transformation system for efficient
degradation
Adsorption on microalgae
Application of microalgae to dyes degradation
from wastewater.

+ eco-friendly, promotes lower carbon
footprint, low capital and operational cost,
easy to operate
- coagulant particles can be leached with
treated water, high sludge production
(hazardous waste), potential of color
reappearance
Enzymatic degradation
Application of enzyme to dyes degradation from
wastewater.

+ eco-friendly, economically feasible, high
efficiency
- amount of enzyme needed is cannot be
predicted
Aerobic, anaerobic combinations
Degradation of dyes via breakdown of the
chemicalbonds in the anaerobic condition. Mostly
used for azo dyes. Aerobic process further
degrades aromatic amine compounds.

+ cheap, ability to decolorize a wide range of
dyes, no form formation,

- not complete degradation of dyes, toxic
gases formation as by-products, large space

requirement
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Chemical methods\
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Advanced oxidation process (AOPs): N
Photocatalysis

Heterogenous oxidation of dyes via photoreaction
in the presence of a catalyst, usually titanium
oxide (TiO,)

+ easy to use, highly efficient, energy effective,
little to zero chemical use
- catalytic particles can be leached with treated
water, expensive, possibility of harmful by-
products formation, high initial cost (precious
metal catalysts are generally expensive)
Ozone-based

Decomposition of ozone to hydroxyl radical
species results in dyes oxidation.

+ high performance, suitable for all type of
dyes, no sludge formation, fast reaction
process, can be used in gaseous state

- expensive method, treated water may still be
toxic to aquatic life, production of toxic by-
products

Fenton-based: photo-Fenton, electro-Fenton,
sono-Fenton, Fenton like reaction

Fenton: Oxidation of dyes by using peroxide
(H,0,) through formation of hydroxyl

radical ion.
+ suitable for all types of
dyes (soluble and insoluble), high color
removal rate,

- pH dependent, formation of iron sludge, slow
process, excessive chemical use, only works
under acidic conditions
Photo-Fenton: Homogenous oxidation of dyes via
photoreaction in the presence of ferrous iron.

+ high color removal rate for most dyes, low
chemical usage, small to zero sludge
production
- pH dependent formation, works best under
acidic conditions
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Coagulation and flocculation
Chemicalis added to the wastewater, dyestuffs
are coagulated, sludge are removed.

+ easy to operate, low capital and operational
cost
- expensive, cost depending on
the chemicals used, high sludge production,
potential of color re-appearance
Adsorption
== Wastewateris contacted with adsorbent to remove

L the color and other substances. Periodic
o regeneration of loaded adsorbent are required.
+ used for a wide range of dyes, high

performance and flexibility, wide pH range,
easy operation,

- does not degrade the substance, could be
expensive, formation of toxic sludge, requires
adsorbent regeneration
Membrane and ultra-filtration
Pollutant is filtered through the membrane pores.
Membrane requires periodic regeneration.

+ removal of all the types of dyes, effective
removal, low operating costs, space savings
- expensive, high energy cost, high
maintenance cost

sical methods)

N J

cxamples of homo- and heterogenous AOPSN

Photocatalysis: UV/TIO,, UV/TiO./H,0,
Ozone-based: O;/H,0,, O5/UV, O/UV/H,0,

Fenton-based: fenton process: Fe(ll)/H,0,,
photo-Fenton: Fe(lll)H,O./UV, sono-Fenton:
Fe(ll)H,0,/US (ultrasound)
Synolysis: US/H,0O, US/ H,;0,, US/O;,
US/UVITIO,

Other AOPs: wet oxidation, electron beam

K irridation, electrochemcal oxidation etc. j

Figure S1. Comparison of advantageous and disadvantageous of dyes containing wastewater

decolorization [14-15].
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Table S1. The catalytic ozonation process for Reactive Black 5 dye containing wastewater decolorization.

Method Dye

Results, removal efficiency and other parameters Ref.

Os, Os/UV, Os/UV/persulfate (PS), and  Reactive Black 5
03/Ce-Co-O catalyst Co=100-1000 mg/L

03/Ce—Co0-0:%Rroc= 96% (60 LPH, pH 7,
Co=100 mg/L, catalyst dose=1 g/L, t=80 min)

Os/UV/persulfate: %Rroc=90% (60 LPH, pH 12,
Co=100 mg/L, UV intensity=66 W, TOC:PS=1:40,
=80 min)

[29]

catalytic ozonation

O3 without catalyst: %Rroc=34%

Os/Ag-Co-O Reactive Black 5 ]
. . 03/Ag—-Co-0: %Rroc=75% (0zone dose=30 mg/min, [30]
catalyst: silver—cobalt composite Co=100 mg/L .
. pH 7, =80 min, catalyst dose=0.5 g/L)
oxide
electro-flocculation, electro- electro-flocculation: 31.18%,
flocculation with catalyst and electro-flocculation with catalyst: 39.27%
catalytic ozonation in combination Reactive Black 5 catalytic ozonation with electro-flocculation: 31]
with electro-flocculation Co=30-90 mg/L 90.31%
catalyst: zeolites modified with (ozone dose=1 mg/min, pH 10, Co=30 mg/L, catalyst
CuMn204/gCsNa4 dose=1 mg, =30 min, voltage=10 V)
Rroc=94%, %Rcop=60% (Co=100 mg/L, pH 5.5, current
) ) Reactive Black 5 density=10 mA/cm?, salt concentration=5000 mg/L,
O:s assisted electro-coagulation 32]

Co=100-400 mg/L

T=20-C, ozone dose=20 mL/min, interelectrode

distance of 1 cm)

%Rroc - the total organic carbon (TOC) removal efficiency, %Rcop — the chemical oxygen demand (COD) removal
efficiency, Co— theinitial dye concentration, ¢ — the reaction time, T — temperature



molecules @\py

Catalytic Ozonation of Reactive Black 5 in Aqueous Solution Using Iron-Loaded | Supplementary
Dead Leaves Ash for Wastewater Remediation | materials

NN

v oo vl

I[IIII|IIIIIIII|IIII|IIII|IIIIIItll|1:lt[lll‘;‘T‘l”lT-I|IIII|IIIIIIIII|III[II[I

(@)

2 4 8 10 12 14 ke

(b)
Figure S2. EDX spectra of (a) DLA and (b) Fe-DLA.



