
L

I
filtr
mem

I
from
supp
pres
of h
[1]. 
mem
with
art m

 
Key
nan
 

W
skyr







 
W

and 






 

Low-Cost 

ITN has devel
ration membra
mbranes with t
 Excellent

contamin
 High wat

produced
 Chlorine 
 Anti-Fou
 Durabilty

or losing 
 Low cost

ITN’s membra
m an inexpen
port to provi
ssure, which el
high-pressure p

In addition
mbrane ensur
hout the foulin
membranes. 

ywords: water p
ofiltration, nan

1 W

Worldwide dem
rocketed due to
 Fresh water
 Population 
 Industrial e
 Contaminat
 Governmen

standards) 

Water can be 
disinfection m
 Chemical a

impurities 
 Ionic chem

kill viruses 
 Membrane 

blocking co

Membran

1ITN Ene
2ITN Ene

3ITN En

ABSTRA

loped a propri
ane that outp
he following a
t selectivity (pa

nants) 
ter flux (gallon
d) 

Tolerance 
uling (extended
y (long lifespan
functionality) 

t 
ane design incl
nsive polymer 
de good wat
liminates the e
pumps. Energy
n, the advan
es significant

ng (clogging) t

purification, m
nocomposite m

WATER PUR

mand for wate
o the following
r scarcity (clim
growth 

expansion 
tion of surface 
nt regulation (to

purified with
methods, includ
additives to coa

icals, ozone, an
and bacteria 
filtration to se

ontaminants 

nes for Nan

B. Be

ergy System
ergy Systems
nergy System

ACT 

ietary nanocom
performs state
attributes: 
assing water w

ns of clean wat

d clog-free oper
n without leaki

ludes a selectiv
fabricated on

er flow at re
energy and equ
y savings can b
ced chemistry
tly longer me
that occurs wit

membranes, rev
membrane 

RIFICATIO

er purification c
g factors: 

mate change, dr

water (pollutio
ougher clean w

h various impu
ding: 
agulate and pre

nd ultraviolet t

lectively pass w

nofiltratio

erland1, K. H

ms, Inc., Littl
s, Inc. Littlet

ms, Inc., Litt

mposite water 
e of the art 

while rejecting 

ter per minute 

rating times) 
ing, breaking, 

ve layer made 
nto a robust 
elatively low 
uipment costs 
be up to 30% 
y of ITN’s 
embrane life 
th state of the 

verse osmosis, 

ON 

capability has 

rought) 

on) 
water 

urity removal 

ecipitate 

treatments to 

water while 

on and Rev

Huntley2 and 
 

eton, CO, U
ton, CO, US
leton, CO, U

 
Proc

impuriti
remove 
inorgani
Of these
complet

Mem
technolo
growing
Membra
water a
predomi
approac

In 
managem
to more
to addre

Mem
water s
blocked
systems
water fi
systems
etc. Adv
higher 
convent

F

 
1.1

Mem
categori
(RO). B
size siev
finer po
requires

verse Osm

M. Misra3 

USA, bberlan
SA, kimjhunt
USA, mmisra

cesses can b
ies, but not oth

salts or ars
ic particulates
e methods, on
te purification 
mbrane treatm
ogy for provid
g global popul
ane systems o
and energy foo
inately movin

ch. [2] 
addition to 
ment (removin

e regions. Mem
ess desalination
mbrane filtratio
selectivity, wh

d, while water i
s are available
filtration to ho
s designed to r
vanced water 
quality of wa
tional water filt

Figure 1—Mem

Water Filt

mbrane filtratio
ies: 1) Nanofil

Both are pressu
ving as the sep
ore sizes for m
s higher pressu

mosis Wate

nd@itnes.com
tley@aol.co
a@itnes.com

be effective 
hers, i.e. they m
senic, or they
s without rem
nly membrane 
solution. 

ment is the mo
ding safe and h
lation and for 
offer operating
otprints. New 
ng to a sus

waste water
ng salt) is expe
mbranes are see
n issues. 
on systems ca
hich means 
is allowed to p
e in different g
ome water sof
reduce pollutan
filtration tech

ater when com
tration technol

mbrane Filtrati

tration Tech

on technologie
ltration (NF), a
ure filtration te
paration mecha

more stringent 
ure (Figure 2). 

er Purifica

m 
om 
m 

at removing
may kill bacter
y may detain

moving microo
filtration can 

ost reliable an
high quality wa

industrial app
g savings and

treatment sys
stainable all-m

r processing, 
ected to becom
en as the prefe

an be designed
that contamin

pass through. M
grades, from u

fteners to less 
nts for agricul

hnologies yield
mpared to the
logies. 

ion Application

hnologies 

es are classifi
and 2) Reverse
echniques, and
anism. RO inc
filtration, and 

ation 

g certain 
ria but not 
n certain 
rganisms. 
provide a 

nd proven 
ater to the 
plications. 
d reduced 
stems are 
membrane 

salinity 
me critical 
erred way 

d for high 
nants are 
Membrane 
ultra-pure 
selective 

ltural use, 
d a much 
e existing 

ns 

 

ed into 2 
e Osmosis 
d both use 
corporates 

therefore 

267Materials for Energy, Efficiency and Sustainability: TechConnect Briefs 2015



 
1.2

C






M
cont











1.3

I
laye
robu
prop
sele
pres
of h
emp
the 

Figure 2—

 The Op

Current memb
 They requir

of water, le
energy cost

 Membranes
with organi

 Membranes
(primarily f
decreased f

Membrane f
taminants from
 Unlike wate

significant 
filtration el

 Similarly, w
activated ca
water quali
consistent w

 Membrane 
same quant

 Membrane 
range of ma

 Membrane-
which enab
need for hig
chemical/m

 ITN’s F

ITN’s membra
er made from a
ust support (F
portional to th
ective layer en
ssure, which el
high-pressure 
ployed with th
interfacial po

—Nanofiltration

pportunity 

rane filtration 
re high pressur

eading to expen
ts for pumps, e
s are prone to f
ic materials tha
s are susceptib
from chlorine d
flow, impaired 
filtration has 
m water. 
er treatment vi
amounts of che
iminates need 

while water qua
arbon technolo
ty, membrane 
water quality fo
systems requir

tity of water tha
processes are m

arket demands
-based systems
bles low-cost op
ghly skilled lab

mechanical supp

Filtration In

ane design inc
an inexpensive
Figure 3). Sin
he membrane t
nables high w
liminates the e
pumps. Simi

hin film polyam
olymerization p

vs Reverse Os

systems are ex
res to process l
nsive infrastruc
etc. 
frequent foulin
at degrade wate
le to chemical 
disinfectants), 
function, and b

benefits fo

ia coagulation, 
emicals, memb
for these chem
ality of coagul

ogies depend on
technology can
or a variety of 
re less space to
an other filtrati
modular to me
. 
s are highly aut
perations and m
bor force and/o
ply chains. 

nnovations 

cludes an ultra
e polymer fabr

nce water flux
thickness, ITN
ater flow at r
energy and equ
lar approache

mide membran
process leads 

smosis 

xpensive. 
arge volumes 

cture and high 

ng (clogging 
er flow) 
degradation 
which causes 
breakage. 
or removing 

which uses 
brane 

micals. 
ation and 
n the feed 
n offer 
sourcing. 

o produce the 
ion systems. 
et a wide 

tomated 
minimizes 
or native 

athin selective 
ricated onto a 

x is inversely 
N’s submicron 
relatively low 
uipment costs 
es have been 
nes. However, 

to expensive 

membra
over lar
these pr
slurry us

Oper
significa
ownersh
material
while st
composi

Figure 

 

2.1

Tabl
relative 
Typicall
with hi
toleranc
good fo
offer a 
with hig

We 
polymer
applicat
rejection
prelimin
higher 
membra
has enc
transfer 

Figur

La

Per
Char

W
(l/m

MgSO4

Tes

anes and diffic
rge area in ma
roblems as the
sed to cast the 
ration of ITN
antly reduces
hip. The memb
l that doesn’t
till providing t
ite membrane.

e 3—ITN’s Asy
for 

2 TECH

ITN’s Mem

le 1 shows a c
to commer

ly, one has to
igh water flu
ce or lower cos
ouling and ch
unique combi

gh water flux A
have demonstr
r-based thin 
tions in NF wa
n, the expected
nary experimen
than that of

anes cellulose 
couraging pre
this technolog

re 4—ITN’s NF
favorably with

arge-scale test

rformance 
racteristics 

Water flux 
m2-hr-bar) 

4 rejection (%)
sting condition

culty achieving
anufacturing. IT
e polymers are
selective layer

N’s membrane
s the system
brane support e
t significantly
the needed me
 

ymmetric Nano
Water Purifica

HNICAL DIS

mbrane Ma

comparison of
rcially availa

o choose either
ux and poor 
st membranes w
hlorine toleran
ination of a co
AND fouling an
rated the feasib

film compo
ater purificatio
d water flux of
nts was found 
f industry lea

acetate (CA) 
liminary resu

gy to RO memb

F membrane p
h commercial C
ting (140 cm2 m

Cellulos
Acetate

commerc
NF Memb

2.5 

98.5 
ns: 200 psi, 200

g uniform per
TN’s membran
e already form
r.  
es at reduced 

m’s long-term 
employs a high
y impeded wa
echanical streng

ocomposite Me
ation. 

SCUSSION

aterials 

f ITN’s NF m
able NF me
r high cost m

fouling and 
with low water
nce. ITN’s m
ost-effective m
nd chlorine tol
bility of fabric
osite membra
on. For the sam
f ITN membran

to be about 2
ading comme

membranes.
lts and a roa
branes.  

erformance co
CA membrane
membrane sh

se 
e 
cial  
rane 

ITN
Mem

9

00 ppm MgSO4

rformance 
ne avoids 

med in the 

pressure 
cost of 

hly porous 
ater flow 
gth to the 

embrane 

 

N 

membranes 
embranes. 

membranes 
chlorine 

r flux and 
membranes 
membrane 
erance.  
cating our 
anes for 
me solute 
nes in the 

2.75 times 
ercial NF 
ITN also 

admap to 

mpares 
es 
heets)

N’s NF 
mbrane 

4.7 

99.0 
4 soln. 

268 TechConnect Briefs 2015, TechConnect.org, ISBN 978-1-4987-4728-8



 

T

M

Salt

F

Me

 
2.2

I
prop
filtr

(
cost
poly
dep
dep
coat
proc
unif

(
the 
mem
asym
reje
cost
mak

 
sign
com

F

 
(

disin
are 

Table 1—ITN’

Character

Membrane con

Water f

t or contamina

Free chlorine t

embrane foulin

 Compe

ITN’s membr
perties that res
ration. These ad
(i) Scalable, la
t: In the cas
ymer is made 
osit a thin film
osited onto a m
ting or spray 
cess is scalab
form performan
(ii) Higher wat
thickness of t

mbrane has h
mmetric mem

ection properti
ts from elimi
kes the NF tech
(iii) Lower su

nificantly lowe
mposites due to

igure 5—ITN’
provid

(iv) Chlorine 
nfectants such

dangerous 

s composite N

istics 

nfiguration 

lux 

ant rejection  

tolerance 

ng tendency 

etitive Adva

rane provides 
sult in the bes
dvantages inclu
arge area mem
se of polyam

in-situ on the
m. Thin films
microporous su
coating, so IT

ble to large ar
nce and lower 
ter flux from th
the selective la

higher water f
mbranes with 
es. Higher flu
ination of hig
hnology econom
urface fouling
er fouling tend
 lower surface 

s NF membran
de greater resist

tolerance:  M
h as chlorine to

to humans 

NF membrane p
at low pressu

ITN’s Co
Memb

Thin film c
memb

Hig

>99

≥ 1.0 

lo

ntages 

a unique com
t overall solut
ude: 

mbrane fabrica
ide TFC mem
e microporous

s of ITN’s pol
upport by eith

TN’s membran
rea membrane
cost. 
hinner selectiv
ayer is submic
flux than cellu

similar solu
ux results in l
gh-pressure pu
mically viable
: ITN’s NF m
dency than ot
roughness (Fig

ne, with a smoo
tance to foulin

Many applicat
o kill micro-or
and degrade

provides a uniq
ure AND antifo

mposite 
branes 

composite 
brane 

gh 

9% 

ppm 

ow 

mbination of 
tion for water 

ation and low 
mbranes, the 
s substrate to 
lymer can be 

her simple dip 
ne fabrication 
es with more 

e layer: Since 
cron, the ITN 
ulose acetate 

ute and salt 
lower energy 
umps, which 
. 

membrane has 
ther thin film 
gure 5). 

oth surface, 
ng. 

tions employ 
rganisms that 
e membrane 

que combination
ouling with chlo

Cellulos
Membranes

Asymmetr

L

9

Up to 

l

perform
membra
membra

Figur

(v) 
have a
properti
initial fo
market d

(vi) 
cellulos
ITN’s N

Figure
while co

n of a cost-effe
orine tolerance

se Acetate 
s (Commercial)

ic membrane

Low 

97%  

1.0 ppm 

ow 

mance. Howev
anes. Figure 6
ane with 1 ppm

re 6—ITN’s m
operat

Tunable mem
already been 
ies for NF app
formulations an
demands for R
Greater durab

e acetate mem
NF membrane r

e 7—ITN’s me
ompeting mem

fective membra
e.  

) 
Polya

Membra

Thin 
m

er, chlorine a
shows stable 

m chlorine.  

membranes have
tion in 1 ppm c

mbrane propert
demonstrated

plications. Furt
nd established 

RO membranes
bility when d

mbranes tend to
remains pliable

embrane remai
mbranes crack a

ane with high fl

mide Composi
anes (Commer

film composit
membrane 

High 

>99% 

< 0.1 ppm 

high 

also attacks p
operation of I

e demonstrated
chlorine. 

ties: ITN’s m
d to have p
ther, ITN has p

a roadmap fo
. 

dry: While co
o crack when d
e. (Figure 7) 

ins intact after 
and wrinkle wh

flux 

ite 
rcial) 

te 

polyamide 
ITN’s NF 

d stable 

 
membranes 

promising 
promising 
or to meet 

ommercial 
dried out, 

drying, 
hen dried. 

 

269Materials for Energy, Efficiency and Sustainability: TechConnect Briefs 2015



3.1

I
num
(Fig

Fi

 
T

scal
surf
Mun
billi
of t
In 2
wat
to e

I
of th
of 
exis
thro
mem
oper
dire
they
supp
Pure
syst
wat

I
prod
year
the 
year

3 CO

 Market

ITN’s filtratio
merous water 
gure 8). 

igure 8—Appl

The biggest m
le water suppl
face water pu
nicipal water u
ion gallons of 
this (approxima
2012, global r
er treatment re
xceed $2.5 bill
ITN’s technolo
he competitive
ITN’s efforts

sting market p
ough sales to 
mbranes will 
rators of large 

ect replacemen
y will be sold
pliers. Compa
e Aqua can use
tems as well as
er filtration sys
ITN anticipate
duction, and s
rs. ITN expect
membrane wat
rs of mass prod

OMMERCI

t Strategy 

n membrane t
filtration and

ications for W

market for filt
ly systems for
urification to 
use in the U.S
water per day
ately 36 Bgal/

revenue from m
eached almost $
lion by 2020. 
ogy will gain 
e advantages de

to work wi
presence. We e

multiple cus
be sold direc
scale NF wate

nt of current fi
d to filtration 
anies such as 
e ITN’s techno
s retrofitting m
stems. 
es pilot scale
scale-up to m
s to be able to 
ter purification
duction and co

IALIZATIO

technology can
d purification 

ater Filtration M

tration membr
r communities

meet their 
S alone is appr
y (Bgal/day). E
/day) is from s
membrane-bas
$1.2 billion an

market penetra
escribed in 2.2
ith industry p
expect to gene
stomer classes
ctly to private
er purification 
iltration system
system manu
Dime Water, 

ology in new w
more expensive,

e production, 
mass production

capture 5% m
n market within
mmercializatio

ON 

n be used for 
applications 

Membranes 

ranes is large 
s that rely on 

daily needs. 
roximately 45 

Eighty percent 
surface water. 
sed municipal 
nd is projected 

ation because 
2, and because 
partners with 
erate revenue 
s.  First, the 
e and public 
facilities as a 

ms. Secondly, 
ufacturers and 

DAICO, and 
water filtration 
, less efficient 

testing, pilot 
n within five 
arket share of 
n the first five 
on. 

Figure
step 

 

[1] 

[2] N

e 9—ITN’s spi
on the roadma

R

A. Sagle an
Membranes 
http://texaswat
etechnology.pd
North Americ
Treatment C
Solutions will 
Sullivan repor

iral membrane 
ap to large com

 

REFERENC

nd B. Freema
for W

ter.tamu.edu/re
df 
an Industrial 

Chemicals M
Drive Growth

rt, NAE2-39, M

modules was t
mmercial produ

CES 

an, “Fundame
Water Tr
eadings/desal/m

Water and W
Markets Cost
h in the Market
May 2012 

the first 
uction. 

 

entals of 
reatment” 
membran

Wastewater 
t-effective 
t, Frost & 

270 TechConnect Briefs 2015, TechConnect.org, ISBN 978-1-4987-4728-8




