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Scientific Output

1y
‘;ﬁ‘ 00 Workshops
e 5 training programs
TeChnOIOgy Capacity building

4 patents 9 PhD students
13 MSc students

Consultancies
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Membrane Distillation
Hyper saline water

Membranes
Water treatment

Membranes
Medical applications

Membrane recycling
Sustainability & Environment

protection

Nano sensors

Water contaminants
CDI
Brackish water
desalination
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Industrial wastewater

MUNICIPAL WASTEWATER
(MWW, 40 %)

INDUSTIAL WASTEWATER
(IWW, 60 %)

’“?u%’éé%g??“r l ﬂ
AN

PHARMACEUTICAL FORNITURE
INDUSTRY (6 %) INDUSTRY (6 %)

INCREASE POSSIBILITY TO SEND
BIODEGRADABILITY WATER TO MWWTP

SAFE DISCHARGE SAFE DISCHARGE
(DEGRADATION OF (DEGRADATION OF
POLLUTANTS) POLLUTANTS)
@.
Rueda-Marquez et al. (2020) Journal of Cleaner Productions258 (2020) 120694 olyall dgiladl dwanl
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Emerging Contaminants

» Emerging (Persistent) Contaminants
o Microplastics; Average secondary and tertiary WWTPs removal
of 88% & 94%, respectively’
o Caffeine > acetaminophen > salicylic acid detected in river
water & drinking water in Québec, Canada.

o Carbamazepine, ibuprofen & sulfamethoxazole also detected’

Treated Water Quality Standard (Oman)

BOD; 15 ppm
COD 150 ppm

lyare et al. (2020) Environmental Science: Water Research & Technology T
. ; ) oluall diilawll diza]l
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Emerging Contaminants

100

RE-Primary&Secondary
RE-Advanced
B TRE-WWTP

gl A

SMX ENR OTC FF TCS E1 E2 E3 EE2 BPA DBP DEHP )

Lin et al. (2020) Science of the Total Environment (744) 140977 ool diledl] danll
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Membrane definition and classification

Microfiltrati

Al

Ultrafiltratioh

Ay

. L.‘
?noﬁltratio[
o |
Reverse O§mosis
N

1 nm 10 nm 100 nm 1 ym

4
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Membrane fouling
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Nanotechnology Processes

Nano
Adsorbents

Nano Functional
Disinfectant Membranes

Nano
Applications

Photocatalysis Nano Sensors

Fenton-
Catalysis

X3
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Nanotechnology Advantages

Environmentally
Friendly

Process
Reversibility

Complete
Degradation

High efficiency

No/ Low
secondary

pollution KKQ))
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Nanomaterials Enhanced Membranes

PES-CNTSs
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Nature 1nspired superhydrophobic cotton fabric
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PES-Hydrous Manganese Dioxide ENMs

200 nm ‘
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Photocatalysis

semiconductor (ZnO)
Organic pollutant+0O, ~CO,+H,0+mineral acidi‘_))

hv (UV orwisible) olsall dyila®ll dyayll
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Hybrid Photocatalytic Membranes

Photocatalvtic Process

ov

Light Adsorb pollutant
Pollutant breakdown
adsorbs to _ by OH*
surface radicle
4' Final products
O‘.O desorb
Q (CO2 Water,
\ (b ﬂ ’ mineral acids)
=
TiO2 coated Membrane

Self Cleaning Mechanism and Process

(#p) UV Light UV Light ;02 conted

\ N Membrane
-0~Ti=0~ —o-?n—o—

Ti0O2 coated Membrane ’

Water Film >

30

] 1 o !o.

Ti102 coated Membrane e 1° ‘ . & Ti4+—, i3+
Hydrophilic Surface > =
Biomass 4B "20-2 - 0.21 /
(foulant) :
Damodar et. al., Hazardous Materials, (2009) 172 oliall duilosll dugarll
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PEI-Titanium Dioxide ENMs

300 - V"“'/act:r " % - 120
~ 2501 é 100 £
E 200 A % 80 ;
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2 100 - é 40 § . NOM
50 % i’ L 20 !
0 %A é 0 0.8 -
PEI 0.2% TiO+/PEI S
< 0.6
U
0.4 -
s JV
02 1 e without UV
0 T T T ,
0 50 100 150 200
Time (hr)
Degradation of > 77% in NOM concentration
Al-Ghafri et al (2019) Journal of Water Process Engineering (32) « A )
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PES membrane modification with ZnO
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PES membrane modification with ZnO

ZnO NRs

Control . || PES-Zn0-01
ZnO NPs b T

PES- ZnO-02 J PES- ZnO-03

Al-Hinai et al (2017) ACS Omega (2) 3157-3167
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TRL3

TRLA4

Basic principles observed

Technology concept formulated

Experimental proof of concept

Technology validated in lab

TRL5

TRL6
TRLY

Technology validated in relevant environment

Technology demonstrated in relevant
environment
System prototype demonstration in operational

environment

System prototype demonstration in operational
environment

=
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S
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Actual system proven in operational
environment

$9SS001J OUBN]

ondiospy
~SdOV
IQUIdIA

-

oluall diilal] dy ]
OMAN WATER SOCIETY




Challenges

Cost Uncertainty

— Scalability

Process Development & Operation

Competition with Conventional
Technologies

Environmental Considerations

4
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Web of Science Publication Results
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Loeb et al Environ. Sci. Technol. 2019, 53, 2937—2947
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-

Pretreatment (e.g., membrane)

‘ . Toxic
‘ . pollutants

Solar photocatalytic
reactor

photocatalysis
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Biodegradable
organics

"ol

Photochemical H,0,
production

O<Cr(VI)

Cr(11)

Photochemical
reduction

Loeb et al Environ. Sci. Technol. 2019, 53, 2937—2947
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Future Prospect

Identify the Niche Market

X R

Technology Integration

Large-Scale Research &
Application

Comprehensive Cost Analysis

Long-Term Operation
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Hybrid produced water desalination system

Capacitive
Deionization

Membranes

Renewable

Photocatalysis
Energy

Nanoporous « 6 )

electrode oliall dgilagll dsanl
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