5th

WATER J
ARABIA

Conference & Exhibition

October 17,18 &19, 2017
Al-Khobar, Saudi Arabia

Jouw o Jiuc Albodlidenln
IMAM ABDULRAHMAN BIN FAISAL UNIVERSITY

RIS
S

Al



Membra nh membrane
ecules are

ne vapor

salination

less req




MD configurations

Permeate out Coolant out

Condenser ‘ Condenser

Sweep Gas out

Sweep Gasin

embrane distillation (DCMD)
sap membrane distillation (AGMD)
Sweeping gas membrane distillation (SGMD)
Vacuum membrane distillation (VMD)




AGMD .vs. DCMD

DCMD AGMD

B Membrane 7] Foil
=s==—=—=—=== Spacer = ' Module
— Feed = Permeate =2 Coolant

Desalination 422 (2017) 91-100



a thin air
surface a
molecu

for a whil
contaminate

embrane cold
ated volatile
e air gap,

ate as

ulation

in case of
be stopped
chance to get




Main AGMD drawback
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3 -An integrated vacuum ith AGMD
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The Flux of V-AG 2 3 times the flux

of single stage AGMD

Journal of Membrane Science, 489, 73-80, 2015
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5- double-pipe AGMD module (DP-AGMD-M)
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The Flux of DP-AGMD is measu gle stage AGMD

Desalination, 396, 48-56, 2016.
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Modified membrane for AGMD

Modified Membrane Type |Thickness (um) Pore Feed Solution Flux
With its observations kg/m2.h

PVDF/LiCI/DMA -
8/3/89

G/PVDF-HFP 0.86

G/PVDF-0.5

Dual-layer nonwoven
nanofiber membranes
PH/PAN, N6; or PVA

Clay-alumina
FAS grafted ceramic
membranes
Electro-spun PVDF 0.2
membranes

Polyvinylidene fluoride 0.1

0.05and 0.2

Triple layer membrane: 0.1
Layerl: PET support
Layer2: PVDF casted

size (um)
0.35

1-2% aqueous NaCl solution, 23.4
T;=59.85°C, T,=19.85°C
3.5wt% NaCl, T;=60°C, T, = 22.9
20°C
Salt rejection 99.99%
RO brine from CSG produced
water, salt rejection 99.99%, T;
=60+1.5°C, T,=20%1.5°C
6 wt% NaCl
3.5wt% NaCl, T;=60°C, T, =
20 °C

solution, salt rejection
99.96%, temperature
difference 60°C
NaCl, ;=90 °C, T,=5 °C, salt
rejection close to 100%
1 wt% NaCl, temperature
difference 60 °C
1 g/I NaCl, T;= 60 °C

3.5 wt% NaCl, T,=80 °C




Grafted ceramic
membranes:
Z1
Z2
Al
Grafted ceramic
membranes using Tunisian
clay
Grafted ceramic
membranes using Tunisian
olive oil molecules.
Modified ceramic
membranes using Zr, Al
and AISi
Modified ceramic
membranes using:
Zr50
Ti5

Modified nanospiked glass
membrane

Plazma coating using
Perflourohexane (PFB)
and
Hexafluorobenzene (HFB)
on PET
Surface modifying
macromolecules
on PEI
Modified PVDF by
electrospinning and CF4
plasma

NaCl molarity is 1 M,
T=95°C, T,=5°C
Flow velocity= 2.6 m/s
99% salt rejection

1 mol/L NaCl, AT =70 °C

0.5 M NaCl solution, T, =95
°C

5 wt% NaCl, T,=95 °C

30 g/L NaCl, T; = 60°C,
Tp=20°C, salt rejection
99.94%

RO brine, salt rejection
100%, T;=60 +1.5 °C, T,= 20
+1.5°C
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integration of solar domestic hot water (SDHW) and
MD symbolic as SDHW-MD

Solar Collector field
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The demand of 15-25 L/d of pt ater and 250 L/d of domestic
hot water.

Desalination and Water Treatment, 57, no. 46, 21674-21684, 2016.




Integrated solar and AGMD
Direct Solar Combined MD (SCMD)

This system experimentally te on for production 20 L/day of
pure water (< 10 uS/cm) & ithout any auxiliary
heating device
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Energies, vol. 10, no. 4, 2017.




and concentrated

integration o] evacuated tube
photovoltaic/thermal (CPV/T) solar collectors with AGMD
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International Conference on Advances in Energy Research, vol. 54, P. C. Ghosh, Ed. (Energy Procedia,

Amsterdam: Elsevier Science By, 2014, pp. 725-733.



polygeneration AGMD pilot plan

It consists of biogas digester, S e battery, inverter, charge
controller, biogas Jy provision and pure

MD unit Contaminated feedwater
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Excess digester gas is employed fo while waste heat from the process
derived a AGMD unit for desalination

Energy, vol. 93, pp. 1116-1127, Dec 2015.
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