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I. Introduction
Thin Film Composite Reverse Osmo-
sis Membranes with polyamide as
the active barrier layer have cat-
alyzed the exponential growth of Re-
verse Osmosis as an economically
viable unit operation in water purifi-
cation technology. The compact foot
print of a spiral wound element has
also undergone an evolutionary
development, yielding increased pro-
ductivity from each element/module,
which has made spiral wound ele-
ments the configuration of choice 
for water treatment applications. As
the acceptance of RO technology
has grown so has the diversity of its
application, leading it to be used in
some applications where the influent
water is laden with microbiological
species. Numerous researchers who
have studied microbial fouling of sur-
faces (or biofouling) attribute the
onset of biofilm formation to the ini-
tial molecular adhesion of biological
matter to the surface. For membrane
systems the following key variables
have been identified:

• Source of feed water and type of
bacteria

• Membrane surface
• Membrane chemistry
• Operating variables e.g. feed

pressure, flux, recovery and
temperature

• Supply of available nutrients
• Pretreatment (before RO)
• Presence of inorganic particulates
• Other site specific conditions

The performance throttling effects
of biofouling on an RO membrane
(element) are:

• Loss of or decline in membrane
flux, resulting in lower productivity

• An increase in differential pressure
leading to higher energy consump-
tion

• Frequent chemical cleanings, trig-
gering an increase in O&M costs

• Reduction in permeate quality
• Shortened membrane/element

useful life

Winning The Battle Against Biofilm Formation

To improve the performance for RO
elements operating under the afore-
mentioned environment, Dow has
developed a fouling resistant (FR)
series of RO elements. This paper
will give an overview of the FR 
element development.

II. Review of biofilm formation 
on the thin film composite
(polyamide) membrane surface
and on other components of the
reverse osmosis element
The late Professor William G. Cha-
racklis of Montana State University
described biofouling as the undesir-
able accumulation of a microbiologi-
cal deposit on a surface. The fouling
biofilm is an organic film composed
of live (and dead) microorganisms
embedded in a polymer matrix of
their own making, consisting of ex-
creted polysaccharides (or
exopolysaccharides).

The types (strain) and amount (con-
centration expressed as CFU/ml) of
bacteria present in water will
depend on the source. Reverse
osmosis systems around the world
are operated on surface, well, sea,
lake, reservoir as well as waste
water sources. While it is not the
subject of this application brochure

to list and describe the various
kinds of bacteria that propagate
biofilm formation, a study of the lit-
erature leads to an inference that
the type of bacteria, the concentra-
tion of both live and dead bacteria,
the level of nutrients, and water tem-
perature, all have a strong influence
on the onset of the biofilm formation.
Most of the exopolysaccharide pro-
ducing microorganisms which have
been studied, utilize carbohydrates
as their carbon and energy source
and either an ammonium salt or
amino acids as their source of nitro-
gen. To this end, the chemical com-
position of certain RO membranes
under the right ‘environmental condi-
tions’ may sometimes promote the
formation of a biofilmon the mem-
brane surface. Analysis
of biofouled RO elements show the
formation of a slime layer on the
membrane and the spacer material;
the accumulation on the latter com-
ponent permitting a hypothesis on
the importance of geometric design.
Since late 1995, research specialists
at Dow in polymer chemistry, micro-
biology, analytical chemistry and
measurement methods development
have worked with membrane scien-
tists at FilmTec Corporation in a par-
allel path approach to understand
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biofouling while doing RO product
and process development. This work
and published information indicate
that to achieve a good biofoulant
resistant membrane surface over a
normal useful life, attention must be
paid to:

• How to reduce the adsorption of
proteinaceous secretions.

• How to reduce the binding energy
attributable to Van der Waal forces
and to electrostatic forces, (e.g.
zeta potential).

• How to achieve uniformity of poly-
mer chemistry on the 0.2 micron
thick polyamide barrier layer.

• How to maximize the time to the
onset of biofilm formation.

• How to identify proper operating
discipline that triggers chemical
cleaning of biofouled membranes.

• How to best utilize the synergy of
a biofoulant resistant membrane
with an effective biocontrol growth
program.

In order to achieve the objectives,
Dow has developed a proprietary
surface modification of the FT30
membrane that enhances biofouling
resistance.

Dr. Harry F. Ridgway of the Orange
County Water District, a pioneer in
secondary/tertiary effluent reuse, has
labored for a number of years to
understand the complex subject of
microbial adhesion and biofouling of
cellulose acetate and polyamide re-
verse osmosis membranes. A num-
ber of FILMTECTM flatsheet mem-
branes were submitted to Dr.
Ridgway in his study of adhesion of
a particular microbacterium strain to
the conventional and biofouling resis-
tant polyamide membranes. Dr.
Ridgway’s extensive work, published
articles, Scanning Electron Micro-
scopy and Atomic Force Microscopy
photomicrographs have augmented
our understanding of what is needed
to make a biofoulant resistant mem-
brane.

III. A performance verified
evolutionary approach to product
development
The sheer magnitude of laboratory
studies of various kinds of bacteria
under different pretreatments, envi-
ronmental and operating philosophy
conditions combined with a number
of biofoulant resistant membrane
candidates could have made this a
multi-year Research and Develop-
ment undertaking. Nonetheless, the
practical relevance of such a com-
plex study had to be balanced with
the urgency of market need for a
cost effective technical solution. To
this end, the Dow/FilmTec develop-
ment team partially leap-frogged the
precisely controlled laboratory stud-
ies and, early on, went directly to
real-world situations. In co-operation
with original equipment manufactur-
ers (OEMs) and end use customers,
a number of field locations that were
experiencing severe biofouling were
chosen. In certain field trial studies,
where possible, the performance of
a fouling resistant product was com-
pared to a good experimental con-
trol – both in parallel trains. Overall,
a variety of fouling resistant mem-
brane prototypes were tested on a
number of surface waters and waste

waters (secondary/tertiary effluent
reuse application) around the world.

The involvement of OEM and end
use customers from the beginning
has allowed Dow/FilmTec to acceler-
ate the methodical advancement of
a cost effective innovative solution
to biofouling. What we learned from
each field trial was used to populate
a biofouling resistant membrane
technology envelope. 

A number of field trials included
study of the effectiveness of 
biocides in conjunction with 
conventional and fouling resistant
polyamide thin film composite 
membrane FILMTEC RO elements.
Certain applications included use 
of microfiltration or ultrafiltration
before RO.

IV. Field trials – Performance
of FILMTEC fouling resistant (FR)
elements
In multi-stage RO systems, biofoul-
ing primarily impacts (negatively) the
performance of the first array. This
first array, when colonized by bacte-
ria, will exhaust nutrients in the feed
water, thus inhibiting to a degree,
downstream colonization.

Figure 1. Typical RO Performance on Surface Water Differential Pressure
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biofilm formation is dramatically
reduced in the array consisting of
FILMTEC FR elements. The steady
differential pressure reading for 115
days exceeded the technical suc-
cess criteria set by the OEM. This
large RO system now operates with
FILMTEC FR elements.

A. Water throughput foremost
priority:
Early field work with first generation
FILMTEC FR elements began at a
very large [> 1000 gpm, 227 m3/hr]
petrochemical plant in the Gulf
Coast region [Texas] of U.S. This site
has multiple RO trains operating on
a high biofouling water. Feed water
is clarified surface water at 50°F 

to 90°F [10°C - 32°C] which goes
through chlorination, multimedia fil-
tration, ion exchange softening, car-
tridge filtration and dechlorination
before RO. Severe biofouling at this
site [since 1992] triggered cleaning
of conventional polyamide RO ele-
ments every two to three weeks.
This cleaning frequency increased
the operating costs to an extent mak-
ing this BOOM (build, own, operate
and maintain) system economically
unattractive for the OEM. Figures 1
and 2 show a typical plot of the effect
of biofouling and resulting normal-
ized permeate flow using convention-
al RO elements.

In early 1996, developmental
FILMTEC FR elements were instal-
led side by side with standard
FILMTEC elements. Both types of
elements were manufactured identi-
cally. These two RO trains operated
at the same flow rate and overall 
flux rate. At the request of the OEM,
the RO trains were periodically sani-
tized with a nonoxidizing biocide 
to control bacterial growth. Water
throughput being extremely impor-
tant, this RO system is operated to 
a much higher differential pressure
before chemical cleaning which 
incidentally is done in a separate
skid off site.

A comparison of the differential pres-
sure in the first array between con-
ventional and FILMTEC FR RO ele-
ments is shown in Figure 3. While
intermittent sanitization, using a 
non-oxidizing biocide, extended the
chemical cleaning frequency, it is
clear that in cycle two, the accumu-
lation of biomass and the onset of a

Figure 2. Typical RO Performance on Surface Water Normalized Permeate Flow
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Figure 3. Comparison of First Array Differential Pressure Standard RO vs. 
Fouling Resistant RO
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B. Maximizing membrane life
foremost priority:
A water treatment system with con-
ventional pretreatment at a large oil
refinery consisting of multiple RO
trains, operated by a dedicated tech-
nician, experienced biofouling that
necessitated in situ chemical clean-
ing once every 4 weeks. Cleaning
was done when differential pressure
reached 60 psid per array. A useful



Figure 4. Historical Startup Data – Standard RO Elements Differential Pressure
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Figure 5. Performance of Fouling Resistant RO Elements Differential Pressure
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life of 3 years was projected for the
RO elements under this operating
discipline. Figure 4 shows differential
pressure over 41 days of operation
with conventional RO elements and
a chemical cleaning done after 34
days.

FILMTEC BW30-365 FR1 elements
were installed in April, 1997 and have
been in service since, having being
cleaned only twice through early
August, 1998. Figure 5 shows the 
differential pressure in the first array 
of one of the trains in this field trial.
Other trains show similar performan-
ce. This large oil refinery has chosen
to install FILMTEC BW30-365 FR1 in
all the RO trains of this greater than
1500 gpm [340m3/hr] water treatment 
system. To maximize time between
chemical cleanings, the RO system is
sanitized periodically with a non-oxi-
dizing biocide.

C. Comparison of FILMTEC 
fouling resistant and conven-
tional RO elements in accelerated 
biofouling trial
In 1Q of 1998, a second generation
fouling resistant membrane was
developed to increase the adhesion
resistance of micro-organisms to its
surface. This was believed to be the
key initial step leading to the onset
of biofilm formation in biologically
active surface waters. 

To test this improved membrane, 
R & D personnel were able to take
advantage of a nearby customer’s
site to conduct a short, week long
biofouling trial under grossly accele
rated conditions. This customer had 
a small RO system fed with a combi-
nation of an intermittent process
waste water stream and tap water
make-up. The process stream was
highly contaminated with bacteria
from a badly fouled carbon bed; bac-
terial counts in the effluent exceeded
2x106 cfu/ml. Being a blend, the feed
water was highly variable in tempera-
ture, which resulted in the need for
careful data normalization.



Conclusions:
The data show conclusively that
FILMTEC BW30-365 FR2 membrane
elements showed significantly less
loss in flow, better cleanability and
less than half the rate of delta P gain
which relates directly to the rate of
bacterial capture in the incubation
period prior to the onset of coloniza-
tion and biofilm generation.

V. Biofouling resistant RO
elements – economic value
The quantifiable measurement of
any innovation lies in its ability to
offer a better value to the customer.
To this end, over 2000 FILMTEC
Fouling Resistant elements are now
in service globally since we began
field trials in 1996. While the devel-
opmental emphasis was and contin-
ues to be defining the technology
applicability envelope, the data gath-
ered and operating costs shared by
OEM and end use customers have
enabled us to quantify the economic
value under three principal benefit
components. They are:

• Reduction in the number of
chemical cleanings:
Cost components for chemical
cleaning include a) labor, b) trans-
portation, c) waste disposal,
d) chemicals, e) deferred produc-
tion and f) power. Estimates of this
cost range from U.S. $45 to $110
per element. A conservative re-
duction of 3 chemical cleanings
per element per year with bio-
foulant resistant FILMTEC FR ele-
ments at U.S. $60 per element will
save U.S. $180 per element/year.
A system with 100 FILMTEC FR
RO elements over a 3 year useful
life means chemical cost cleaning
savings of U.S. $54,000.00. This 
is an example. Actual savings 
will be influenced by site specific
conditions.

• Extended useful life before
replacement:
RO elements operating on bio-
foulant waters undergo frequent
chemical cleanings due to accu-
mulation of biomass and forma-
tion of a biofilm layer that leads to
an increase in differential pressure.
The wear and tear on the materi-
als of construction and the mem-
brane is therefore abnormal.
Certain RO systems focused on
maximizing permeate water vol-
ume are particularly harsh on RO
elements. A FILMTEC FR element,
in addition to the biofoulant resis-
tant membrane, has optimal leaf
length to achieve uniform flux dis-
tribution and a spacer design to
maximize chemical cleaning effi-
ciency. Also, each leaf has no
more than 0.25 inches [0.63 cm]
of edge past the glue line. This
minimizes the dead space avail-
able for bacteria to accumulate
and propagate. A superior roving
movement to apply the outer
epoxy shell give these biofoulant
resistant elements structural
integrity to withstand repeated

Comparison of Flow Loss in Accelerated Biofouling Trial

Element Model Flux Recovery

Element Type FILMTEC Avg. Flux Flux Loss After Cleaning

Fouling Resistant BW30-365 FR2 24.2 7.6% 82.0%

Conventional BW30-365 22.1 19.2% 36.5%

1. After 113 hrs. of operation
Average SDI (15) = 6.3

2. Average bacterial count = 6x105 cfu/ml
Six elements in one pressure vessel; recovery = 66.8%

Figure 6. Comparison of Delta P Rise in Accelerated Biofouling Trial
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chemical cleanings. We estimate
that the FILMTEC FR element will
give a 30 percent longer useful life
before replacement compared to a
conventional RO element.

• Reduction in power cost to
operate an RO system:
A lower rate of biomass accumu-
lation and biofouling of a
FILMTEC FR element results in
lower average feed pressure to
operate thus lowering energy cost.
Figure 6 shows ‘Annual Energy
Cost vs. Feed Pressure at 500

gpm.’ For example, at U.S.
$0.10/KWH, the additional cost
due to an increase in feed pres-
sure of 25 psig (at pump efficien-
cy of 75%) is about U.S. $7000
per year.

The following table is an effort to
provide a summary based on the
field performance of FILMTEC FR
elements. Site specific water chem-
istry, pretreatment design, operating
philosophy and external or in situ
chemical cleaning are some vari-
ables that influence the overall eco-
nomic value of biofoulant resistant
FILMTEC FR elements.

• Chemical cleaning
consideration:
FILMTEC FR elements exhibit si-
milar chemical compatibility to
cleaning as standard FILMTEC RO
elements. A pH range of 1 to 12 is
acceptable, as is the conventio-
nally used acid and caustic se-
quence. Biofoulant removal from a
membrane surface is best accom-
plished at a pH greater than 10.0, 
a soak time of at least 4 hours and
final rinse flow rates with sufficient
velocity to remove biomass. This
flow rate is recommended to be 
30 to 40 gpm [6.8 to 9.1 m3/hr] 
per pressure vessel (PV) with six
FILMTEC BW30-365 FR elements.
Additional information is covered 
in a datasheet entitled “Cleaning
Procedures For FILMTEC FT30
Elements” (Form No. 609-23010/
CH 172-086-E).

• Intermittent sanitization:
In our effort to develop the most
robust and cost effective perfor-
mance, several field trials of
FILMTEC FR elements were con-
ducted to study the synergy bet-
ween intermittent sanitization and
biofoulant resistant RO elements.
The objective was to maximize the
time in between chemical cleaning
or extend the onset of biofilm for-
mation. To this end, a commonly
used biocide formulation with
DBNPA (2-dibromo-3-nitrilo propi-
onamide) as the active ingredient1

was tested at a frequency of once
every 3 to 5 days during summer,
and once every 7 days in winter.
The procedure is based on using
10 to 20 ppm (active) of this non-
oxidizing biocide injected in the
feedwater during operation of the
RO system. If reducing agents are
present in the water, a somewhat
higher level of the non-oxidizing
biocide may be required. Biocide

Figure 7. Economic Impact of Bio-Fouling Annual Energy Cost vs. Feed Pressure 
at 500 gpm

Feed Pressure, psig
14.5 psig = 1 bar
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1 The Dow Chemical Company makes
Antimicrobial 7287, registered for use in RO 
systems.

Relative Cost of Relative Useful Life
ITEM Chemical Cleaning Before Replacement

Conventional RO 3X to 8X 0.5 Y
elements

FILMTEC FR element 2X 0.7

FILMTEC FR element
and intermittent 1X 1.0 Y
sanitization



injection in several field trials was
done for 30 to 60 minutes. In 
severe biofoulant conditions, a
longer injection duration of this
non-oxidizing biocide may be
required in the initial range finding
step. Figure 3 shows the synergy
between usage of a non-oxidizing
biocide and a FILMTEC FR mem-
brane surface.

A Dow Technical Service and
Development Representative can
provide information to optimize site
specific performance.

VI. Product offering
Two biofoulant resistant FILMTEC
elements are currently designated 
as commercial products. FILMTEC
BW30-365 FR1 is recommended
where the permeate water is desig-
nated for potable use. FILMTEC
BW30-365 FR2 is recommended for
non-potable water applications.

1. Permeate flow and salt rejection based on the following standard conditions: 2000 ppm NaCl, 225 psi (1.6 MPa), 77°F (25°C), pH 8 and 15% recovery.

2. Flow rates for individual elements may vary but will be no more than 7% below the value shown.

3. Minimum salt rejection for individual elements is 98.0%.

4. Sales specifications may change as design revisions take place.

5. A 34 mil. brine channel spacer is used to facilitate chemical cleaning.

VII. The journey continues…
Respect for living organisms like var-
ious pathogenic bacteria found in
waters around the globe and the
Darwinian process of survival in hos-
pitable or inhospitable environment
teaches us to not be complacent.
We are developing a third generation
biofoulant resistant membrane and
continue to increase our understand-
ing of the synergy of different bio-
cides with biofoulant resistant mem-
branes and element construction.
We appreciate the cooperation of
OEM companies, consulting/engi-
neering companies and end use
customers towards the development
of an economically viable solution
to biofouling of reverse osmosis
membranes.

Product Part Nominal Active Product Water Flow Rate Stabilized Salt
No. Surface Area, ft2 (m2) gpd (m3/d) Rejection, CI (%)

BW30-365 FR1 89020 365 (34) 9500 (36) 99.5

BW30-365 FR2 115583 365 (34) 9500 (36) 99.5



Notes
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