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Bl Ammonia synthesis using a catalytic nitrogen—selective
membrane

« 5E¥3 1 US10556803B2

[ Xl
« B2} Jennifer Wilcox, Simona Liguori,
Lakewood

« 2991 : Colorado Scholl of Mines

* The invention relates to a metallic membrane
for nitrogen separation, the method of making the
membrane and methods of using the membrane,
The invention also relates to a metallic membrane
for disassociation of nitrogen and subsequent
reaction with hydrogen to produce ammonia at
moderate conditions compared to a conventional
Haber—Bosch process.

B Hollow Fiber Membrane Module for Direct Contact
Membrane Distillation—Based Desalination

« TEHS 1 US20230149855A1

2} . Kamalesh Sirkar, Dhananjay Singh, Lin
Li, Thomas J. McEvoy

e}

il
= _I

142

29l : New Jersey Institute of Technology
Applied Membrane Technology, Inc.

iy

» Exemplary embodiments in desalination by direct
contact membrane distillation present a cylindrical
cross—flow module containing high—flux composite
hydrophobic hollow fiber membranes, The present
embodiments are directed to a model that has
been developed to describe the observed water
production rates of such devices in multiple
brine feed introduction configurations. The model
describes the observed water vapor production rates
for different feed brine temperatures at various
feed brine flow rates. The model flux predictions
have been explored over a range of hollow fiber
lengths to compare the present results with those
obtained earlier from rectangular modules which
had significantly shorter hollow fibers,

M High water recovery hybrid membrane system for

desalination and brine concentration
EH3F ;. US11628403B2

%7\} Mansour Ahmed, Rajesha Kumar,
Garudachari Bhadrachari, Yousef Jassim
Essa Al-Wazzan, Jibu Pallickel Thomas

¢l KUWAIT INSTITUTE FOR SCIENTIFIC
RESEARCH

e oln

o

‘=

* The high water recovery hybrid membrane system

for desalination and brine concentration combines
nanofiltration, reverse osmosis and forward
osmosis to produce pure water from seawater,
The reject side of a nanofiltration unit receives a
stream of seawater and outputs a brine stream, A
permeate side of the nanofiltration unit outputs a
permeate stream, A feed side of a reverse osmosis
desalination unit receives a first portion of the
permeate stream and outputs a reject stream, A
permeate side of the reverse osmosis desalination
unit outputs pure water, A draw side of at least
one forward osmosis desalination unit receives
the reject stream and outputs concentrated saline
solution, A feed side of the at least one forward
osmosis desalination unit receives a second portion
of the permeate stream and outputs a dilute saline
stream, which mixes with the first portion of
the permeate stream fed to the reverse osmosis
desalination unit,

B METHOD AND TUBULAR MEMBRANE FOR PERFORMING
A FORWARD OSMOSIS PROCESSING

+ 5EH3 1 US20210170335A1

[ 3]
« B2} Kimball Sebastiaan ROELOFS, Gunther
BISLE, Piotr Edward DLUGOLECKI
+ =99l : BERGHOF MEMBRANE TECHNOLOGY

GMBH

* A method for processing a fluid with forward
osmosis process includes providing one or more
tubular membranes each including a tubular
nonwoven base layer on the outside of the tubular
membrane forming an outer shell of the tubular

membrane.or.kr 16



membrane and providing a lumen for feed flow;
a polymer substrate layer on the lumen-—side of
the tubular membrane comprising three regions,
including a region where the polymer substrate
layer is partially intruded into the tubular base
layer, a region with an open macrovoid structure
and a region with an asymmetrical foamy layer,
where the partially intruded region forms an
intermediate layer, and a functional top layer
on the polymer substrate layer. The tubular base
layer comprises a longitudinal weld, The method
includes providing the feed flow through the lumen
and providing a draw solution on the outer shell
side of the tubular membrane; and processing the
feed flow with the membrane,

Compact membrane module system for gas separation
«E2H3T ; US11660565B2
3

« W7} ¢ Steven Reese, Marc Straub, John A,
Jensvold, Robert Kociolek

L5

o)
O

A2l : Generan IGS, Inc,

e

« A device for separating a gas, such as air, into
components, includes a plurality of modules, each
module having one or more polymeric membranes
capable of gas separation, A set of valves, pipes,
and manifolds together arrange the modules in
one of two possible configurations, In a first
configuration, the modules are arranged in parallel,
In a second configuration, the modules are divided
into two groups which are arranged in series, The
device can be switched from parallel to series, or
from series to parallel, simply by changing the
positions of a small number of valves, typically
three valves, The device can therefore produce
gas either of higher purity, or moderate purity,
depending on the settings of the valves. The device
also includes improved structures for connecting
the modules to inlet and outlet manifolds, and also
includes devices for temporarily isolating one or
more modules from the system,

B Hydrogen sulfide—carbon dioxide membrane
separation systems and processes

« TEHS 1 US11420153B2

«dhHzl 0 Milind M. Vaidya, Sebastien A.
Duval, Feras Hamad, Richard Baker,
Newark, Tim Merkel, Newark, Kaaeid
Lokhandwala, Newark, Ahmad A,
Bahamdan, Faisal D, Al-Otaibi

«Z99l : SAUDI ARABIAN OIL COMPANY
Membrane Technology and Research,
Inc,

« A process for recovering sulfur from a sour gas
is provided, The process includes the steps of:
providing the sour gas to a membrane separation
unit having a carbon dioxide—selective membrane
that comprises a perfluoropolymer, wherein the
sour gas comprises carbon dioxide and at least 1
mol % hydrogen sulfide; separating the sour gas
using the carbon dioxide—selective membrane in
the membrane separation stage to obtain hydrogen
sulfide—enriched gas and hydrogen sulfide—
stripped gas, wherein the hydrogen sulfide—
enriched gas has a hydrogen sulfide concentration
of at least 20 mol %, and wherein the hydrogen
sulfide—stripped gas comprises carbon dioxide;
and processing the hydrogen sulfide—enriched gas
in a sulfur recovery unit to obtain sulfur,

A2 - Aol URe Bt
jtpark25@konkuk.ac. kr
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— Comparative study of two metal—organic frameworks for thin—film mixed matrix membranes
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— Exploring the reuse of laundry wastewater: treatment and cleaning strategies of ceramic ultrafiltration membrane
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— High oxygen—permeable perfluorinated sulfonic acid ionomer binder with enhanced for polymer electrolyte
membrane fuel cells
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Comparative study of two metal-organic frameworks for thin—film
mixed matrix membranes

Il

Iehat
HES

% R

Sl
AL
Two types of metal—organic frameworks (MOFs), MIL—140C and UiO—67, were used to prepare submicron—
thick mixed—matrix membranes (MMMs). Poly(glycidyl methacrylate—co—poly(oxyethylene methacrylate)
(PGO) was used to evenly disperse both fillers, While both fillers are comprised of the same building blocks,
they have different structures, pore sizes, and particle morphologies, Pores of MIL—-140C are 1D channels
having a rod—like shape, whereas UiO—67 pores are 3D cages, having polyhedral shapes, Due to mild polymer
infiltration and MIL—140C's high aspect ratio, MMMs fabricated with MIL—140C showed better CO2/N2 and
CO2/CH4 selectivities than those made with UiO—67, With 20% of MIL—140C incorporated, outstanding
separation performance was achieved (CO2/N2 selectivity of 38 and CO2 permeance of 1768 GPU).
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Proton blocking anion—exchange membranes modified with various
amines for efficient electro—membrane processes

Jon—exchange membranes (IEMs) are widely used in various water treatment processes and
electrochemical energy conversion processes. Depending on the application process, the IEMs should
not only separate cations or anions but also control the permeability of specific ions, For example,
undesirable proton leakage through anion—exchange membranes (AEMs) severely reduces product
purity and process efficiency. For this reason, the development of an AEM having excellent proton—
blocking property is quite necessary. Therefore, in this study, novel composite AEMs with low
proton permeability were developed through the fabrication of a thin reinforced base membrane and
successive surface modification, The proton—blocking properties of the composite AEMs were imparted
by controlling hydrophobicity and crosslinking degree as well as introducing weak base amine groups.
In particular, various compositions of amines were tested to optimize the membrane properties, The
prepared surface—modified AEMs showed excellent electrochemical properties and proton—blocking
properties compared to commercial membranes (i.e, ACM), and their high performance was verified
by applying them to an electrodialysis for LiOH recovery, This work was supported by the National
Research Foundation of Korea (NRF) grants funded by the MEST (NRF—2022M3C1A3081178 and NRF—
2022M3H4A4097521).

Study on the structure and properties of the LCST-type styrenesulfonate—
based draw solute for the forward osmosis

Foljati

A, At Adar

The thermo—responsive ionic liquids (ILs), tributylalkylphosphonium styrenesulfonate ([Paus][SS], where
# is number of carbon atoms in tributylalkylphosphonium) and tetrabutylammonium styrenesulfonate
([N4444][SS]) were synthesized for application as draw solute in forward osmosis (FO). The [Paus][SS]
aqueous solution showed lower critical solution temperature (LCST) type phase transition in aqueous
solution, which is essential for recovering the draw solute or water from the diluted draw solution.
The LCSTs of the 50 wt.% aqueous solutions of [P144][SS] was observed to be approximately 33C. The
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water flux and reverse solute flux of the [P4444][SS] aqueous solution, was approximately 8 .51 LMH
and 1,66 gMH, respectively in active layer facing the draw solution (AL—DS) mode at 50 wt.%.
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Exploring the reuse of laundry wastewater:
treatment and cleaning strategies of ceramic ultrafiltration membrane

ol shol eyl

A, upe

One of the most promising strategies for maintaining stable water sources for on—site wastewater
reuse is greywater reclamation, particularly laundry wastewater reclamation [1—3]. This study proposes
an efficient strategy for the pre—treatment of laundry wastewater, which reduces membrane fouling
and improves flux recovery after membrane cleaning. The fouling behavior, organic retention, and
flux recovery rates of ceramic ultrafiltration (UF) membranes were comprehensively investigated
using synthetic laundry wastewater, Under identical applied pressure and temperature conditions, a
fouling resistance that corresponded to the water permeate flux and normalized flux was explored,
Total organic carbon (TOC) retention was also tested to investigate the feasibility of using ceramic
UF membranes as an effective pre—treatment for laundry wastewater reclamation, Furthermore, four
different cleaning strategies for the fouled ceramic membranes were systematically compared, including
deionized (DI) water, alkaline, acidic, and combined alkaline and acidic chemical agents to provide
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an in—depth understanding of the potential recovery rates of the membranes relative to the initial
state, The filtration and treatment performance of real laundry wastewater samples collected from a
university student dormitory was compared with synthetic laundry wastewater. This work provided
valuable information on fouling behavior and cleaning strategies that could advance ceramic UF
membrane pre—treatment technology for sustainable laundry wastewater reuse, Despite the challenges
associated with the organic fouling and the potential of incomplete flux recovery in engineered systems,
our findings provide insights into fouling mechanisms and cleaning strategies that could enable the
optimization of engineered wastewater reuse systems,
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High oxygen—permeable perfluorinated sulfonic acid ionomer binder with
enhanced for polymer electrolyte membrane fuel cells

oA, ¢E], AT, Hs g, olEF

The polymer electrolyte membrane fuel cell(PEMFC) performance is limited by the oxygen reduction
reaction(ORR) on the cathode side in the membrane electrode assembly, Owing to the ORR rate being
relatively very slow compared to the hydrogen oxidation reaction at the anode it has a decisive effect
on the overall reaction rate of the PEMFC, To improve the ORR reaction rate, rapid mass transfer of
the reactant such as oxygen gas moving through the electrode layer must be achieved, In this study, a
perfluorinated sulfonic acid ionomer designed to have high gas permeability via a supercritical method
was applied as an electrode binder to improve the mass transfer behavior in the electrode layer. The
relationship between ionomer electrode binder dispersion characteristics and electrochemical PEMFC
performances was systematically investigated.,
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Super—stable and Efficient Electrocatalyst in High Current Density Alkaline Seawater
Splitting Derived from ZIF-based Phosphorous N-doped Carbon

Hydrogen is being considered as a potential substitute for fossil fuels due to its high energy density
and low greenhouse gas emissions, However, the widespread use of freshwater electrolysis is limited
by the scarcity of water resources. One possible solution is to develop cost—effective electrocatalysts
and electrodes that can withstand seawater splitting without succumbing to chloride corrosion, To
address this issue, we synthesized an N—doped carbon—coated CoFe phosphide electrocatalyst from
ZIF as a stable option for alkaline seawater splitting, The N—doped carbon coating prevented electrode
corrosion and allowed the active site to function efficiently for an extended period, By adjusting the
amount of ZIF, the electrocatalytic performance of CoFe LDH@PNC was optimized to achieve ultra—
low overpotentials of =44 mV and 233 mV at 10 mA ¢cm 2 and —255 mV and 329 mV at 1000 mA cm™
for HER and OER in 1 M KOH, respectively. Furthermore, it achieved the industrially required current
densities of 500 and 1000 mA cm ? for overall alkaline seawater splitting at a record low voltage of 1,99
and 2.24 V, respectively., Remarkably, at a high current density of 500 mA cm™, it remained stable for
1,000 hours, demonstrating the viability of stabilizing transition metal LDH for seawater splitting by
introducing N—doped carbon with abundant active sites,
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A Study on the Industrial Application of PTFE Membranes Manufactured by
Electrospinning Technique as Dust Filtration Media
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