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ABSTRACT

Membrane distillation (MD) process was systematically evaluated for concentrating brine of reverse
osmosis process. Basic characteristics of MD membrane were first examined. Synthetic seawater brine
was used as the feed solution of MD test. To investigate the flux variation of brine treatment process
by the flow rate. In the MD process operated using high concentration artificial seawater, the flux was
continuously decreased in both flow rates. However, the flux was rapidly decreased when the flow rate
was high. The experimental result of membrane cleaning with deionized water and sulfuric acid solu-
tion showed that the flux was not affected by the membrane cleaning. The scanning electron microscope
image analysis showed that the NaCl crystals were affected by cleaning but confirmed that pore block by
the NaCl crystals is not significantly correlated with the decrease of the flux. Further studies will be con-
ducted by using various kinds of cleaning agents to investigate the effect of cleaning the NaCl crystals.
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1. Introduction

Scarcity of water is one of the most critical global chal-
lenges [1]. Recently, membrane processes reveal that these
systems are one of the viable options for water supply aug-
mentation and water scarcity alleviation. Particularly, in
terms of low energy requirement, easy operation, modular
design, and small footprint demand [2,3] reverse osmo-
sis (RO) process is used for seawater desalination [4-8].
However, RO system also leads to some critical problems
such as brine after RO membrane. RO brine has serious detri-
mental impact on aquatic environments. Due to components
of RO brine, accumulation of heavy metals, pH variation, and
high salinity can occur in receiving waters [9].

Recently, membrane distillation (MD) process has
also been attracting excellent attention for its potential

* Corresponding author.

applications in desalting highly saline waters system such as
shale gas wastewater reuse [10] and concentration of RO brine
[11-15]. MD system is a thermally driven separation process,
in which only vapor molecules are able to pass through a
porous hydrophobic membrane. Especially, the benefits of
MD compared with other water treatment processes stem
from not only 100%, theoretically, rejection of non-volatiles
such as ions, colloids, macromolecules, and cells, but also
lower operating temperatures than conventional thermal
water treatment processes. The required heat for MD can be
harvested from solar thermal convertors or industrial waste
heat [16-20].

However, solutions of MD process should be aqueous
and sufficiently dilute to avoid wetting of the hydropho-
bic MD membrane [21-23]. This limits MD to applications
such as desalting process, currently dominated by con-
centration of RO brine, removal of trace volatile organic
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< Summary >

© FO-RO hybrid plant engineering design & operation (1,000m*/day demo
plant)
@ Wattage: 2.5 kith/m'
@ Drain: Volume 20% | | Salinity 25% |
| @ Cost: less than 25% reduction(based on 0.7$/ton as of 2012, average
| unit price of reverse osmosis system)

© Development of Pressure-assisted Forward Osmosis (PAFO) and Reverse

Purpose Osmosis (RO) Hybrid Desalination Technology
® Reduction of required number of FO membrane elements of FO-RO hybr id
by 20% when fixing final product of RO
| @ Enhancement of FQ recovery by 30% with respect to pressure increase
| @ Establishment of basic design criteria for pressure-assisted forward
| osmosis (PAFO) and reverse osmosis (RO) hybrid desalination process
| @ Derivation of three core 08M factors for pressure-assisted forward
j osmosis (PAFO) and reverse osmosis (RO) hybrid desal ination process
| based on major membrane fouling criteria
|© 2-1 division Ryorim IndUniversity of Technology, Sydney (UTS)ries Inc.
! = FO membrane performance test
i = Optimum operation condition deduction
| = SWLPRO application (Energy saving, Flux increase)
= Pilot plant design (blue print, factor, simulation)
~ Capex & Opex analysis (UF-RO VS FO-RO)
Contents © 2-2 division GIST

Development results

|- Development of OM manual for 1 ton/d PAFO-RO pi |

= ldentification of key Q&M factors for PAFO-RO hybrid process
= Operations using real wastewater and seawater to ensure field
application
- Economic feasibility analysis reliability check on PAFO-RQ hybrid
— Determination of key design and operating factors for PAFO-RO hybr id
ot in scenario tests

© Design criteria and 0&M technology for FO-RO hybrid desalination
| = 1,000 ton/d demo pilot
|~ O&M manual of 1,000 ton/d FO-RO pilot
{C) Design criteria and 0&M technology for PAFO-RQ hybrid desalination

-1 ton/d pilot
| - Core design factors report drawn by 1 ton/d PAFO-RO pilot operations
! - 0&M manual of 1 ton/d PAFO-RO pilot

|
f ~ Establishment of 1 ton/d PAFO-RO pilot based on the detailed design
|
|

T The FO-RO hybrid technology development enables us to acquire cutting-edge

Expected Contribution

Keywords

desal ination technology and preoccupy it in the field of desal ination and
this will become a driving force for advancing toward world desal ination
market with competitiveness. 1,000 ton/d FO-RO, one of the key outcomes of
this project, is a prerequisite prior to the actual field application of
|the hybrid desalination technology in large scale and is expected to give
fundamental ideas on how to lead the world desalination market in the near
future. In the mean time, the technological development will arm domestic
EPC companies(Hyor im IndUniversity of Technology, Sydney (UTS)ries) to lead
the desalination market worldwide with distinctive characteristics and
advantages. At the same time, the development in correlation with currently
|available desalination technologies is expected to nurture research and
|deve lopment of futuristic desalination technologies.

Forward Reverse Performance |
Osmosis Osmosis Evaluation

Energy

[Desaljnation |
|
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3" International Conference on Desalination using Membrane Technology 2017 | Poster Programme

Poster Programme

Poster Session 1
Monday, 3 April 2017 — 13:00-14:00
Room - New Exhibition Area (Level 0)

Category |Brine/concentrate disposal and waste management

Fixed bed natural zeolite as a permeable reactive barrier for zinc uptake and prevention of soil contamination

[P1.02] N. Vukojevic Medvidovic, I. Nuic, M. Ugrina, M. Trgo*, University of Split, Croatia

[P1.03] Zinc recovery from electroplating wastewaters by electrodialysis enhanced with complex formation
D. Babilas, M. Turek*, P. Dydo, Silesian University of Technology, Poland

[P1.04] Selectrodialysis process for heavy metal separation and recoYfezrylfrom metallurgical process streams

X. Vecino**, M. Reig’, C. Valderrama®, O. Gibert* %, J.L. Cortina®**, “UPC-Barcelona TECH, Spain, °CETaqua, Spain

Category |[Case studies

Technological evolution of membrane desalination processes in Canary Islands

P1. . . . . .
[P1.05] J.J. Sadhwani Alonso*, N. Melian-Martel, University of Las Palmas de Gran Canaria, Spain
Mild desalination pilot results of brackish water streams for optimum reuse in industry
[P1.06] J. Trampé*l, E. Koperl, C.K. Groot® ’3, G. Zijlmaz, W.B.P. van den Broekl, P. VoIIaard1’3, T. Steenbakkers, *Evides

Industriewater, The Netherlands, °“Dow Benelux, The Netherlands, >*HZ University of Applied Sciences, The
Netherlands

Category |[Forward osmosis

Osmosis pressure enhancement of novel draw solutions for forward osmosis desalination
[P1.07] M. Amjad*', G. Raza', S. Pervaiz', D. Wen', 'University of Leeds, UK, “University of Engineering & Technology
Lahore, Pakistan

Forward osmosis: A desalination technology for the textile and wine industry

[P1.08] R. Augustine, E.Z. Jingxi, M.S. Sheldon*, D. De Jager, Cape Peninsula University of Technology, South Africa
The potential of natural and waste brines as draw solutions in forward osmosis applications
[P1.09] 1 . %2 fn 2 L2001, . . . L2, . . . .
F. Arroyo’, E. Bringas*“, R. Ibanez", I. Ortiz", “Universidad de Sevilla, Spain, “Universidad de Cantabria, Spain
[P1.10] Feasibility of the Palm Oil Mill Effluent (POME) treatment by Forward osmosis (FO) — Reverse osmosis (RO)
) W. Khongnakorn*, N. Somsawat, K. Maming, Prince of Songkla University, Thailand
[PL.11] Forward osmosis of glycerol solutions - membranes selection

E. Laskowska*, M. Turek, P. Dydo, K. Mitko, Silesian University of Technology, Poland

The effect of counterion binding on polyelectrolyte-based forward osmosis using poly(vinylpyridines) as draw
[P1.12] agents
J.D. Roach, Weill Cornell Medicine - Qatar, Qatar

Performance and removal of trace organic contaminants by novel high-water flux forward osmosis
membranes

M. Sauchelli Toran*%, I. Rodriguez-Rodal, G. Blandin®, W. Gernjakl, Catalan Institute for Water Research (ICRA),
Spain, ZUniversity of Girona (UdG), Spain, 3catalan Institute for Research and Advanced Studies, Spain

[P1.13]

Category |Hybrid systems

Integrated nanofiltration and reverse osmosis desalination of mine water

[P1.14] M. Bodzek*, M. Rajca, M. Tytla, B. Tomaszewska, Silesian University of Technology, Poland

Elimination of boron from seawater using a hybrid membrane process based on ion exchange resin in batch
[P1.15] and microfiltration
A. Alharatil, K. Fiatyl, C. Charcosset*l'z, Université Lyon 1, France, ZCNRS, France

Application of bipolar membrane electrodialysis on the removal of pertechnetate ions from radioactive waste
[P1.16] with an anion exchange paper membrane
A. Mori, H. Inoue*, Keio University, Japan

Performance comparison of RO and integrated NF+RO processes for desalination of MBR effluent

P1.17
[ ] l. Parlarl, M. Hacifazlioglul, N. Kabay*l, T.O. Pekz, M. Y(jksell, 1Ege University, Turkey, leOB-OSB, Turkey
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Category |Membrane distillation
Effect of pretreatment and operation conditions on the performance of membrane distillation for the
[P1.18] treatment of shale gas produced water
H.R. Cho*, Y.J. Choi, S.H. Lee, Kookmin University, Republic of Korea
Desalination of petrochemical reverse osmosis brine using direct contact membrane distillation: An
[P1.19] experimental and mathematical approach
M.S. Osman*, V. Masindi, A. Abu-Mahfouz, Council for Scientific and Industrial Research (CSIR), South Africa
Effect of operation condition on membrane distillation process : Fouling and cleaning conceps
[P1.20] K.D. Park*, B.C. Kim, J.S. Choi, S.H. Kim, Korea Institute of Civil Engineering and Building Technology, Republic of
Korea
[P1.21] Mathematical modelling of membrane distillation pore wetting phenomenon
M.R. Qtaishat, The University of Jordan, Jordan
Category [Module design
Numerical investigation of membrane module design for desalination
[P1.22] J.Seo*, Y. Kim?, J.H. Kim®, leangju Institute of Science and Technology (GIST), Republic of Korea, *Korea
Research Institute of Chemical Technology, Republic of Korea
Category |Nanofiltration, ultrafiltration, microfiltration
Surface modification of ultrafiltration membranes for enhanced humic acid removal
[P1.23] N. Bin Darwish**, H. Al Abdulgader’, H. Al Romaih®, A. AlAlawi®, ‘King Abdul Aziz City for Science and Technology
(KACST), Saudi Arabia, °King Faisal University, Saudi Arabia
The comparison of commercial spiral wound nanofiltration membranes for desalination and concentration of
[P1.24] liquid dye
J. Cuhorka*, P. Mikulasek, University of Pardubice, Czech Republic
Application of carbon based membranes for desalinization of sea water
[P1.25] C. Daulbayev*, M. Seitzhanova, T. Dmitryev, E. Aliyev, Z. Mansurov, Institute of Combustion Problems,
Kazakhstan
Comparison of feed pretreatment by organic and inorganic coagulants and their combination on membrane
[P1.26] microfiltration of titanium dioxide dispersions
M. Grulich*, P. Mikuldsek, University of Pardubice, Czech Republic
[P1.27] Use of the micellar-enhanced ultrafiltration (MEUF) for fluoride removal from aqueous solutions
M. Grzegorzek*, K. Majewska-Nowak, Wroclaw University of Science and Technology, Poland
Antibacterial activity and membrane morphology of ultrafiltration membrane based on IKI immobilized
Chitosan-PEG-MWCNT composites
[P1.28] . . . . . . . . .
F. Khoerunnisa*, H. Hendrawan, Y. Sonjaya, D.R. Primastari, W. Rahmah, R. Agiawati, Indonesia University of
Educaton, Indonesia
[P1.29] Algae induced fouling of UF/MF Membranes: Identification of critical influence factors
S. Laksono*, J.A. Wawensyah, L. Landwehrkamp, S. Panglisch, University of Duisburg-Essen, Germany
One pot preparation of polysulfone-silica nanoparticle ultrafiltration membranes for water filtration
[P1.30] X. Li*'?, B.P. Tripathil, M. Stamm'*?, ‘Leibniz-Institutes fiir Polymerforschung Dresden, Germany, *Technische
Universitiit Dresden, Germany
Evaluation of nanofiltration membranes for recovery and concentration of rare earth elements from acidic
waters
[P1.31] J. Lépez*l, M. Reigl, E. Licénl, 0. Gibert! ’2, A. Yaroshchukl’s, E. Torres", C. Ayora", J.L. Cortinal’z, IChemical
Engineering Dept. UPC-Barcelona TECH, Spain, ’CETAQUA, Spain, *Catalan Institute for Research and Advanced
Studies (ICREA), Spain, *Institute of Environmental Assessment and Water Research IDAEA, Spain
[P1.32] Characterization of the effectiveness of cleaning agents on polyethersulfone (PES) membrane performance
B. Malczewska, Wroclaw University of Environmental and Life Sciences, Poland
[P1.33] The influence of nanoparticle type on the organic-inorganic membranes used for wastewater treatment
S.C. Pintilie*, L.G. Tiron, A.L. Lazar, M. Vlad, I.G. Birsan, S. Balta, Dunarea de Jos University, Romania
Marble slurry as a potential ceramic water filtration material: Comparative analysis with machined Fe powder
[P1.34] and clay ceramics for effectiveness in As removal from water at point of use
A. Kaurwar, S. Gupta, R. Satankar, A. Plappally*, Indian Institute of Technology Jodhpur, India
Fabrication and characterization of polyurethane shape memory polymer membranes by phase inversion
[P1.35] technique

B. Soltannia, G. Chen, M. Sadrzadeh*, University of Alberta, Canada
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This is to certify that, in accordance with the Patent Act, a patent for the invention
has been registered at the Korean Intellectual Property Office.

2018 06 12¢ A o—
o - Elw=or s=ass sosye
E el
So| Y
COMMISSIONER,
KOREAN INTELLECTUAL PROPERTY OFFICE
= "'.I A

Tl M S N
Korean Intelle§tual j ﬂ\' i

Property Office




=13
=

P XI‘ Inventors

SEANY
5 3 SE x| 10-1869030 &

Patent Number

7=|% (850806 *******)
A7\ ZHA| CIX|YZ 63, 12125 5043

X| Z= M (701004-*****+%)
A2 TYA YAMT 7HER2E 22, 6055 140235

Ic-,l I:gi] (810408-*******)
A7|E DYA| HYT DU 219167 33

; |(821122 *******)
HAZAA AFSIT SO 25042 8, 2045

I"TIC',I.E"(831207'*******)
AEAA SHIF SHAZT7HZ 27-3

- O

4 J



