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APPENDIX R4-1 Miscellaneous

Brochures of Membranc
Manufacturer

Reverse Osmosis Products

GENERAL GUIDE
TO PRODUCTS
AND PROPERTIES

A leader in teverse osmosis water
desalination, Du Pont’s “Permasep”
products were commercialized in
1969. Since that time, they have
been used in thousands of installa-
tions in dozens of countries around
the world for desalination of brack-
ish water and seawater. Qver one
billion gallons per day capacity

- (over 4 million cubic meters per
day) of “Permasep” products have
been purchased since commercial-
ization, well over 20 years ago.

i
S

*Du Pont's ragistered trecsmark for
ils reéverse 08Mosis prociucts.

()

Start
with
(DuPont
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48 RO MEMBRANE
wsw | EADERSHIP

Today, Du Pont's
Permasep®* Products are the
established worldwide leader in
RO desalination of brackish
water and seawater with more
installed capacityt than any other
membrane supplier. The lead is

even more dramatic in demanding

scawater applications with
instafled capacity? more than twice
the nearest competitor.

Underlying this wide
acceptance of “Permasep” products
is Du Pont’s pioneering work more
than 20 years ago to develop
long-lasting membrane products
and applications technology which
enables qualified systems suppliers
and end-users to ensure successful
RO plant operations. End-users
can draw upon patented and -
proprictary Du Pont products and
technology through qualified
suppliers (Licensees) of complete
desalinaiion systems using
“Permasep”.

WIDE
\  ACCEPTANCE
A\ OF “PERMASEP”

w» PRODUCTS:

Water treatment systems
incorporating “Permasep” products
are used in a broad spectrum
of potable, industrial and spe-
cialty water desalination
applications. Thousands of instal-
lations using ‘‘Permasep” products
are currently operating throughout
the world, producing millions of
cubic meters of purified water -

daily. Although,only a represen-

tative few are shown in this
brochure, they do illustrate how

"Perlrﬁasep" pro.ducts come in two prod'uci types,_.acccﬁrding to the
type of water to be treated. Product specifications for all models
available in these two types appear on page thige. _

Seawater
& High B-10
Brackish

A hollow firie fiber, aramid membrane permeator
designed tor seawater znd high brackish’ -
applications where long membrane life is needed.
Replacement bundies are also available. . -

Brackish B-9

A hollow fine fiber, aramid membrane permeatot
designed primarily for brackish water applications
where long membrane life is needed. Replace-

“ment bundles are also available.

“Permasep” products have been used

. to desalinate water economically,
- including demanding Arabian Guif

seawalers.,

o POTABLE

“w APPLICATIONS

Reverse osmosis systemns based
on “Permasep” products are
producing drinking-quality water
for:

« Municipalities, cities and towns

« {sland communities

» Realty developments

» Mobile home parks

» Resorts, hotels and motels

+ Offshore drilling and production
platforms

L INDUSTRIAL
& APPLICATIONS

“Permasep” products are used by
industrial firms to purify water
for: _
« Rinsing eiecfroni_c components
» Boiler makeup '
» Process water
« High purity water for
~ formulations
~ rinsing and cleaning metals
— polymerization reactions

b-2

an SPECIAL

w APPLICATIONS
- Besides purifying water for

municipal systems and industnal
operations, Our customers use
“Permasep” products to desalinate
water for a great varietv of special
end uses:

. Waler—dispensing equipment

» (Car washes

+ Small cooling owers

« Humidifiers

« Flower growing

« Ice vinks .

« Water treatment for hemodialysis
» [ce manufacture

« Fish culture

« Hydroponic gardening

« Restaurants

» Campgrounds

» Central home systems

« Yachts. ships

+1990 International Desalination Associzion -
Worldwide Desahiing Plams Inventory
Report No. 1} o

*Du Ponr’s registered trademark for i3
reverse osmosis products R K

LN
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AR PRODUCT SPECIFICATIONS FOR PERMASEP* PERMEATORS
Wy AND REPLACEMENT BUNDLES

PRODUCT TYPE
MODEL NO. 64407 | 6BAST | GBASTR
- PHYSICAL CHARACTERISTICS: .+ = =00 T i
- MEMBRANE TYPE. 7 ARAMID ARAMID
MEMBRANE CONFIGURATON Hollow Fine Fiber _ ) _ Holiow Fine Fiber
OIAMETER, NOMINAL, em i) | 11.7¢5) | 14.7(8) | 20.68) | 216(6) [ 020 | 10200 | 10.2¢8) 03 | Znaw | mann | 8400
APPROY. LENGTH?, em(in) ~ | §8(28) | 126(50) | 150¢59) | 15059 | 43(17) | e4En) | wewn | 2208y | seqasy 135 (53) 89 (351
APPROX. SHIPPING o ' _ :
WEGHTKg(b) - -~ | 10f22) | a2{70) | 12270) | 30(66) 7{15) sy | e 66 {145) aa@sy | sy |os3n
CONNECTIONS-FEMALERPT | 1 _ .
FEED S S ur . KA 2 . 1 3 A e oy
PRODUCT 1 lra g NA 1w | wr 778 an . HA P NA
L BRNE w || W | N | wE T3 ¥ | ow i NA
: :} 1 “sampie 118 e g NA 13 W 118 3 A EY3 NA
OPERATING SPECIFGATIONS . " : N N s ST T S
PROUET WATER CAPACITY :
m?/day (GPD) : - : : .
Heminal® : 246 6.1 | 265 2.5 5.30 9.08 1590 | . 60.57 B0.57 - | 9464 9464
i o {850} 800y 1 oooy -f. qreony | - (140m 400 | (4200) 06000 | qsgoy | @saoy | 25000y
RANGE . 200283 | 5.80/7.80 |22.5230.4822.5270.48 | 4.77/6.00 | 8.1810.22 [14.3118.17 | 54.59/m5.52 | 545155662 | 85.17/108.10 | 85.97104.50
- {S52747) |(1500/2100) | (595058050} | 5950/8050) | (1260/1510) | (2160/2640} | {37804620) | (14.400/17,600)|{14.40017.60)|(22.500/27.500} {22 500/27.500)
SALT REJECTION (%) S . _ :
Nomima® - . ] @92 ]- g2 | g2 99.2 g4 84 92 g2 g2 92 )
M[NIMUM 98.7 98.7 98.7 98.7 90 30 90 _ 20 a0 ] 90 90
OPERATING PRESSURE RANGE {5515-8274) _ 24152760
KPa {psig) : 800-1200 - {350-400)
OPERATING TEMPERATURE 0-48 : 8-40
RANGE°C (°F) {32-104) _ {32-104)
HRANGE, - | o I : '
CONTINUOUS EXPOSURE Lo aq L &
. |- sRike RATE, t7min (gpm) R R : . . :
CMAXIMUM |96 [30.4(104) 1052078 [105227.8)] 6.4117) | 12503 | 5467 | 659079 | 650074 | 106.0(280) | 106.0(280)
i T IR ' - o
e . SEAWATER -’ £1(03) | 53(14) | 15942 | 15.8(42) M| ma " NA NA A NA HA
HGHBRACKISH. | 236) | 8322 [ 26500 s | owa | M TN I ) NA NA KA
) eRAGKISH. - ) ma A wo b o | 2awm | szom | ssea | wspw | wspn | @siim | asms
§ StanoamDcONDMIONS - R S - . C R T N
FEED.monNaGi _ 8000 1,500
PRESSURE, kP (psig) C o BaS(1000). . - 2760 (400)
TEMPERATURE °C () s IR 2577)
' CONVERSION% s a o ]
: *Du Poat's registered wadenurk for its rever;éc’osniosi.\' producls. 'Seawéler ‘and ngh Brackish app!icétib'ns
" NA = Mol applicable L . 2All B-10 permeatdrs are also available on special orders as “TA”
: . S Co ) models, i.e. 8-10T bundles equipped with shell assembligs rated for
1000 psig ' :
3pundle length without shipping container
_ *Nominal values are for design purposes
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- FIELD-PROVEN
A COST-EFFECTIVE
PERFORMANCE

Warld-class, performance-
proven desalination technology can
be found in Du Pont’s unigue
Hollow-Fine-Fiber “Permasep”
permeator and Aramid polymer
merbrane:

Compact and Rugged
w Permeator Designs
Shipped as rugged, high-quality
RO devices, the self-contained
membrane in each B9 and
B-10 “Permasep’ permeator
comes ready for “on-specifica-
tion” start-up, even after years
- of storage. Permeators require
minimum space, are easy to
install in RO systems, and easy
to operate and maintain.
Superior quality and mechanical
durability have been demon-
strated through shipment and
start-up in even the most remote
sites. Qutstanding long-term
operation has been demonstrated
under demanding conditions in
the world’s Jargest RO plants.
And with progress to higher
operating pressures in seawater
desalination, more cost-effective
performance is provided al
higher conversions,

- Tough Aramid Polymer
w Membrane
'The Hollow-Fine-Fibér
membranes in “Permasep”
permeators are made of a_
tough, highly stable Aramid
polymer and behave like du-
rable, thick-walled pipes under
pressure. Invented by Du Pont
and commercially available
for more than 20 years; these
homogeneous membranes
have the longest intrinsic Jife

of any RO membrance, as
demonsirated by very low
replacement rates and very.
low cost-in-service. In seawater
desalination systcms Du Pont
offers additional techriology to
ensure consistent high salt

rejection even under the most
demanding high salinity and

high temperature conditions of
the Arabian Gulf, including

surface water intakes,

*Du Pont’s regisiered trademark for its

reverse 0Smosis products.

Tough Aramid Polymer Membrane (p11016|\1icr0gr;1pl1)

64
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@ LARGE PLANT EXPERIENCE

1. This 24,000 ny’/day fetrah
(6.3 miltion GPD) seawaier plant at :
Ghar-Lapsi, Island of Malta uses
B-10 “Permasep” permeators, The
total B-10 seawater desalination
capacity installed on Malta is now
80,000 m¥d (21 million GPD) and
provides 60% of the island’s total
water needs.

2. “Perinasep” B-10
permeators produce 46,000
m’/day (12.2 million GPD) of fresh
water at one of the world's largest 1.
RO plants at Ras Abu Jarjur,
Bahrain. '

Y
{}

3. Sarasola, Florida,
U.S.A., 17,000 m*/day (4.5
million GPD) plant uses B-9
“Permasep” permeators to desalt
brackish water. : : o

4, This B-10 mobile unit,
one of the largest of its kind, pro-
duces 480 m*/day (125 thousand
GPD), or more, of drinking water
from seawater, or lower salinity
feeds.

2

"
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WORLDWIDE OFFICES

For more information about Du Pont PERMASEP Products and how they can meet your
water-desalination needs, contact:

tUnited States
The Du Pont.Company
"Permasep” Producls

- Buitding 200, Glasgow Site
Wilmington, DE 19898
Phone: 302-451-9681 -
Telex: 6503433883 MCIUW
Fax: 302-451-9686

Start
‘with
DuPont

H-19637 791

United Arab Emirates
The Du Pont Company
Development, S.A.R.L.
P.0.Box 2222

Dubai, WAE. .

Phone: 971-4-462494

Telex: 45423 DPC EM

Fax: 971-4-462450

Saudi Arabia

The Du Pont . Company
efo £.A. Juftali & Bros.
P.O.Box 13794

City of Jeddah 21414
Kingdom of Saudi Arabia
Phone: 966-2-667-2222
Telex: 6011308

© Fax: 966-2-661-0581

6-6

T Switzerland
The Du Pont Company international, S.A
2, Ghemin du Pavillon
Ch-1218 Le Grand-Saconnex
Geneva, Switzerland
Phone: 41-22-717-5443
Telex: 415777 DUP CH
Fax: 41-22-717-5109

- Spain .

The Du Pont Company lberica S.A. (DIBE)

Calle Tusel 23, Planta 1

08006 Barcelona, Spain

Phone: 34-3-200:7311 )
Telex: 50887 DUPOE : {
Fax: 34-3-200:8965 :

Greece

The Du Pont Company Greece
77 Plastira Street

GR-17121 Nea Smirmi
Athens, Greece-

Phone: 301-931-0000

Telex: 210786 COST GR
Fax: 301-935-4110

+ Headquarters for Américas and Asia Pacilic

+% Headquarters for Europe, Midcle East
and Africa )

‘Du Ponl's segistered tradgmark fos
its reverse osmosis products.

You Don’t Have
to be a Fish |
to Drink Seawater.

. T
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WATER SCIENCES & TECHNOLOGY ASSOCIATION, BAHRAIN
REVERSE OSMOSIS DESALINATION TECGNOLOGY
TRAINING COURSE

TROUBLE SHOOTING AND PERFORMANCE
EVALUATION: OF R. O. PLANT.

0
MARCH, 1990
T. KANNARI -
SR. PROCESS ENGINEER
SASAKURA ENGINEERING
OSAKA, JAPAN
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RO MEMBRANES .

EVERSE OSMOSIS

PART 1: CLASSIFICATION OF COMMERCIALLY AVAILABLE

Hari B. ‘Gupta
Cuiligan internationat
One Cuiligan Parkway

Northbrook, IL 60062
312/498-2000

_.This is the first of a, twa-part series on_the fundamentals of.

reverse osmosis. The second part, dealing with systern de-
signs incorporating RO, will appear in the Maleune 1986

Reverse osmosis is a separah(}n process to remove
dissolved impurities from liquids. During the past
 Lififteen years, reverse osmosis hag_been used for
industrial water puiificalion both-as 2 ‘stanu-aloné process

and in combination with olher processes. The heart of the
reverse osmosis process is the sem:permeable membrang,

This article will describe the reverse osmosis process and.

the development of membrane technology, and will com-
pare the commercially available reverse osmosis membrane
elernents for brackish water (lotai disscived solids less than

5,000 ragA) applications. The term " ‘membrane element”.will. .

be - utifized throughout the paper to describe the spiral-
wound membrane modules as well as hollow-fiber
permeatora .

History of Reverse Osmosis :

Osmosis is the spontaneous passage of a Iaqund from a
dilute to a mote concentrated solution across an ideal
semipermeable membrane that allows passage of the liquid
but not of the dissolved solids. It is a simple dilution oper-
ation that continually occurs in nature. The word “osmosis”

comes from the Greek word “osmos,” meaning “to push.”

Chbviously, reverse osmosis is a process in which the natural

osmotic flow is reversed by the application of external pres-

sure on the concentrated solution side of the membrane.
The history of osmaotic phenomenon dates back more than

200 years, when it was first noted that water would diffuse - -

through an animal bladder {membeane) into alcohol sponta- -

neously. The iftérest in osmosis processes was_hampered

by the unreliability of animal membranes until 1864, when a

synthetic selective meimbrane was prepared from’ copper
ferrocyanide. Studies with this membrane linked - osmotic
pressure with temperatute and solute concentration. This

" data resultad later in a mathematical re]ailonshlp for osmotic

pressire. Again, interest in the osmosis process dec!med
because reliable membranes were not available. o

n the 1950s, amid’ predictions of water scarmty the US_

Department of Intarior established the Office of Saline Water

{OSW) to evaluate water purification methods.. Reverse os-
mosis was atiraclive because ol ils simpficity and low en-

ergy requ:rements Al ‘thal was needed was a strong,
reliable, economical, and selective membrang,
In 1958, Prolessor Aeid at the University of Florida sug-

gested seekmg a suitable membrane from commercially
avaitable films. Proféssofs Réid and Breton demaonsirated

that secondary cellulose acetate (CA), one of tha first plastic
films manufactured in this country, bad the desired selectiv-

ity. However, cellulose acetate dense fitm had dlsappoml«.

ingly low water transpoit and a very short productive lite. In
the early 1960s. Professors Loeb and Sourirajan, working on

a similar project at the Unwersuy of Calitormia, Los, Apgeles N

enhanced the water. flux of cellulose acetate mgim jranes.

prepared in an asymmetric configuration; anid subs!argually
26 1 ' vrer i
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“The heart of the reverse osmosis
process Is the sem!permeab!e metn-
brane "

extended their usefulness by heat-treating the film and add-
ing swelling agents to the casting formulation. This work
demonstrated that the technology necessary to purify water
by reverse osmosis was in hand. From this point on, the
major advances have been in the deve'op’ment enginegr-
ing, and marketing of reverse osmosis membranes and sys-
termns.

- - The fundamental Eesearch in reverse osmosis- mem-
branes, pnmanly made of cellulose acelate materials, was

funded heavily by the Office of Saline Water in the 1960s.

. -Besides the acadermic instilutions, General Atomic Division
‘of General Dynamics_ (later of Gulf Oil Corporalion), San
Diego, was one of the primary industrial organizations in-

volved in the davelopment of this technoingy in spiral-
wound configuration. The term ROGA (Reverse Osmosis
General Atomic) originated from this industrial concern, The
membrane development program with cellulose acetate ma-
terials continued at General Atomic lhroughout the 1960s
and early 1970s.

The celluiose acetate membranes . suffered from several
significant disadvantages: susceptibility to biological attack,
loss of flux due to compaction phenomena at high pressure
and-high temperature, damage at high operating pH, and
the fimitation in obtaining higher membrane fluxes while

* maintaining -high salt rejection. The latier requirement was
‘necessary for application of reverse osmosis in the purilica-
tion of seawaler. Several companies had developed mem-

brares made of cellulose acetate blends which have

_ improved salt rejection and greaily improved water fluxes,
‘but.the problems of chemical and biological stability still
'remamed
" In the meantime, paraliel research was being conducted

with configuretioris other than flat fiims at DuPont and Oow
Chernical. In 1969 DuPont, using aromalic polyamide mate-
rials, and: later- Dow Chemical, using cellulose. triacetate

"materials, developed hollow-liber membranes. The

polyamide membranes were less susceptible to biclogical
and chemical attack, but were degraded by chiorine. The
developrent of the hollow-fiber configuration permitied a

very large membrzane area per unit volume, which resulted in

the compactness of the reverse osmosis systems. ~

More lunding was needed 1o improve the cellulose ace- '

late membranes and to explore other materials for better
chemical stability and improved performance; The Office of
Salineg Waler was dussolved in the mid 1970s (it was re-

placed by the Office of Waler Research and Technology),

and the government funding for this research was reduced
considerably, The membrane research was conducled by

" private industry with selective government funding. A new

ULTRAPURE WATER, MARCH/APRIL 1988
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Figure 1. Basics of reverse osmosis process.

"~ clags of rembianes emeiged from this research, thesthine -

fitm composites (TFC). This type of membrane offers several
advantages over asymmelric membranes, such as the abil-
ity to individually oplimize each layer of membrane for per-
tormance characteristics, the ability o utilize nonceliviosic,
nonbiodegradable compositions, the capability to achieve
resistance to pH extremes, and the development of mem-
hrane-composilions serviceable at high pressures and tem-
peratures. The composites provide high fluxes at moderale
operating pressures, show good sall fejection, and have

good chernical stability. Only one important problem re-
mains 10.be S8IV&H: in-CoRimon wilh all other nonceliulosic
membranes, the composites’ resistance to chlorine in- the
feedwater is sight or modest at best. :
Theory of Reverse Osmosis

Direct osmosis is depscted in thure 1(a). Two sotutuons of
different concentrations are ‘separated by a semipermeable
membrane in a container. Due to the difference in chemical
concentration of the two solutions, the pure waler will pass
through the membrane from the dilute solution to the con-

- entrated solution side.-Figure—1{b) shows the osiotic-egui-

fibriurn condition. In the osmotic ethbnum condition, equal
amiounts of water are passing lo each side. The difference in
the haight of two solutions is the osmotic pressure difference
Between these particular solutions. The application of hy-
draulic pressure in Figure 1(c) offsets osmotic pressure and
provides the driving force for reverse 0smosis.

The osmotic pressure is proportional to the amount of
dissolved subslances in the solution and to the temperature
of the solution. The osmofic pressure is completely indepen-
dent of the membrane, The mathemalical relatlonshlp for
osmotic pressure can be expresset as shownrin Figure A
précise determination of the osmotic pressure for most ap-
plications is usually unnecessary, as the pressure applied in
reverse osmosis is usually many times the osmolic pressure.
As a3 rule of thumb, the osmotic pressure can be esfimated
at 1 psig per 100 ppm ol dissolved solids.

Two parameters are utilized for characterizing the perfor—

mance of a reverse 0smosis membrane; water flux (ex-
pressed as,_gaUday]mEmbrane area) and salt rejection
{expressed as a percentage of feed salinity), The water flux

HOW TO GET THE
' FEAR OF FAILURE OUT
OF YOUR SYSTEM.

we call it TEC-RO™ And - Read about the BFGoodrich

AquaFeed™ antiscalants
to our specially formulated

it's the first comprehensive
Technical Evaluation and - pmtectfen plan for RO MT series cleaners.
Chernical treatment program It’s total-scope service
for Reverse Osmosis systems. SVSte ms and call us ln from the industry experts.

. A compilation of the technology - the mormng _ Doesn'tyour RO system deserve

deveioped to prevent membrane fa:lure
TEC-RO has been used successfully in control-
ing or eliminating fouling problems in every type of
RO system, large or small, in every major industry.
TEC-RO starts with careful technical evaluation
which includes water analyses, filter analyses,
membrane diagnostic services and field services.
Whatever your special situation cails for,
BFGoodrich has it—from our ou;standmg series of

TEC-RO system?
To find out more, call (301) 9379655, Or write
The BFGoodrich Company, Specialty Polymers &
- Chemicals Division, 5022 Cook Road, Beltsville,
Maryland, 20705,

BFGoodrich

Specm:lfy Polymers & Chemlcols DMSlon '

AquaFeed Anliscalants are accepled by the Fiorida DER, USEPA and LIK DOE for potable water use.
All chemicals appraved by the major membrane manufacturers.
Regianal technical seivice engineers are available both domeslically and internationally.

CIRCLE READER SERVICE CARD NO. 62

ULTRAPURE WATER, MARCH/APRIL. 1986
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TABLE A
Relative Performance of Cellitlose Acetate and Thin-Film
Composite Membranes

CA TFC
- Temperature, °F 33-90 33120
pH 4-6.5 2-12

" Salt rejection Good “Betler
Organics rejection Fair Good

Biological stability Fair Good

Chiorine stability Fair Poor

* Water flux - Good "~ Better -

Classification of RO Membranes.
“Skin™
0.1-1.0 p thick

Porous
substructure

through a particular membrane is determined by its physical
- EhErHClErEies, propaties ol heSaIMiBE Beng puritiad, and-
the applied pressure. For a given membrane and a feed’
solution, the flux simply tecomes a function of the pressure
- differential across the membrane, Flux Is also aflecled by
teed temperature. Waler permeability of the membrane in-
creases about 1%2% per °F Sall rejection is the ratio of solute
rejected by a membrane fo the solute in the {eed. The ability
of a membrane to reject salls is a function of membrane’s’
permeability coefficient, and the difference between the salt
concentration in the feed and the permieate. For a given
__membrane, the salt passage is mdependent of pressure.
The'méchanism by which reverse osmosis occurs acioss™
a semipermeablé membrane has been studied extensively.
The transport of walgr across a membrane may be through
pores physically present (sieve model} or by diffusion from
one banding: site to another within the membrana (sofution-
diffusion model). Dissolved ions that do not hydrogen bond

Figure 2a. Asymmetric membrane has a thin, dense skin and
a porous substruclure.

B5um
{0.0033in,) -

~~__Thin skin
0.1-1.0 pm thick

Figure 2b, Hoﬂow fibers are formed from Aramfd membrane

Figures Za-iz excerpted by special peanission from CHEMICAL ENGINEERING
(Jure, 13B4). Copyright®» {1984). by McGraw-Hill, Inc., New Yors NY. 10020

cannol enter into attachments with bonding sites and are left
to concentrate'on the membrane surface. Both the chemical
and physical nature of a membrane delermine its inherent
ability to transpoit water and reject salts. '

Membrane Configurations :

The commercial development of reverse osmosis has
closely paralleled improvements in membrane technolcgy
.and membrane elament design. There are three major mem- -
brane types onthe market loday: celluiose acetate, aromatic
polyarmdes. and thin-film composites; as shown in Figure 2.

Celtulose acetate, wnh an established technology in casl-
ing films, has good selectivily, good availabilily of raw mate-
rials, and relatively low cost. Reverse osmosis membranes -
are cast from di-acetate or lriacelate formulations. With in-

}fﬁw
- Figure 2c. Schermatic cross-section of thin-film composite
RO membrane. Sowzce: AlmTec Cotporation, Minneapolis, MN,

‘g et h=
bt R B

creasing acelyl content, sait ‘rejection’ improves-and water
flux declines. When cast as RO membranes, the celluiose
acetate film is about 4 mils lhuck Itis asymmelric: that is, the
filray has a thin dense layer above a thick porous layer. The
thin layer is the salt-rejecting surface, while the thick porous
layer acls-as a support layer-(Figure 2a). These membranes
have pedormed well during the past 15 years. The CA mem-
branes are susceptrble to b:o!oglcal altack, and have limited
chemical and physical stability:

_The second catégory of membrane, aromatic polyarmde
was pioneered by DuPont. The membrane was spun in the
unique form of a hoflow, hairlike fiber with an outer diameler
of about 85 microns and an inside diameter of about 42
micrors. The fibers are assembled into a bundle, sealed at
the ends, and installed ‘in *a_préssure housing. This fiber
becaing the comerstone of ‘DuPont's hollow fine fiber

“perméators. This fiber has.an asymmelricstructure (Figure
2h). The polyamide membrane has relatively betler stability

28

to chemical and_ biofogical atlack compared to cellulose
acelate, but is degraded by chlorine.

The third and most recent calegory of membranes, devel-

opeci during the late 1970s and eaily 1980, is classilied as

- thin-film compos:les The major dnffarerce between the thin-

film compasne and ‘the asymmetic membrédne is that a

microporous fayer of polysulfone has been substituted for

the parous cellylose acelate sublayer and an ultrathin- bar-

rier or rejecting layer (0.2 microns) of a polymer {poiyurea,

poiyamtde) has been’ formed on the surface of the

microporous po!ysulfone by anin situ interfacial polymenza»

tion technique (Figure 2c). The major differences between

. various thin-film composne ‘membranes an the market loday

are the thickriess and composulton of the barrier layer. These

. “membranes offer excellent chermical and bm!og:cal siability,
while operating at modest pressures.{See Table A).

These lhree types of membranes have been incorporaied

in two predominant lypes of reverse osmosis devicas: spiral

ULTRAPURE WATER, MARCH/APRIL 1986
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TABLE S
Membrane Element Manufacturers

Element lypelmaterial
Cellutose acetate, Dasal-1,2,3
Spiral wound .
Seawaler, brackish water

Manufacturst
Desalinalicn Systems, Inc,
Escondido, CA

Polyamide, Cellulose acetals
Hallow fine fiber, spiral wound
Seawaler, brackish water

OuPont Permasep Products
Wiimington, DE

FT-30, Cellutose triacetale
. ...Spiral woung_jfc hallow fiber

FilmTec Corporation
Minneapolis, MN
{Div. of Dow Chemical)

Cellutose acetale, Polyamide
-~ —-§piralwound ——-- e — |
Seawater, brackish water

Hydranautics, In¢,
(Div. of Rohm & Haas)

Cellulose acetats, Polyamide
Spiral wound
Seawater. brackish water

Osmonics, Inc.
Minnetonka, MN

Toray Industries (America), Inc  Cellulpse acetate, F'ofyelhar ‘
Mew York, NY Spiral wound .
Seawater, brackish water

Millipore Corporation

’ Producl literature not avaﬂab!a
T UBédford, MAT T .

Toyobo Mermbrane DNISIOn

Cellulose acetale, Hollow liber
Japan _ ,

Nitto Denko Amsiica, NY Product literature not available

Santa Clara, CA

wound and hollow fiber. The spiral-wound element was de-
veloped by ROGA systems in the mid 1960s under the
sponsorshnp of OSW The spiral-wound configuration con-
sists of two layers of membranes separated by a woven
fabric. The edges of the membrane are sealed on ihree .
sides and the fourth, open end is altached to a perorated
central collection tube. A sheet of plastic netting, which
separates mernbrane layers during assembly and promotes -
turbulence in the feed stream, is placed ddiacen! to the
membrane, The membrane laminate is wiapped around the .
central ube to farm a spiral configuration, The spiral-wound
elements have high packing density and low manufacturing '
costs, and can be cleaned with relative ease.

The hollow-fiber design, developed by DuPont in 1968,
olfers extremely high' packing density for ‘membranes, re-
sulting in compact systems. This concepl was later used by
Dow Chemical, using cellulose iriacetate material. The hol-
low-fiber design, however, Is more prone to fouling and is
difficult to clean. There are applications for each lype of
membrane and membrane element based on the character-
istics of feedwater. The trend will be to utilize the latest thin-
film composite membranes, prefezably in a spiral-wound
configuration, for most industrial apphcalions
Membrane Element Manufacturers
The reverse osmosis membrane elements have been com-
mercially available since 1969, The spiral-wound ‘and hol-
low-fiber configurations are primarily used for industial
applications. Stafting with the.ploneermg compan:es such
as ROGA Systems, DuPont, and. Dow Chemical, the mem-
brane manufacturing industry has expanded in recent years, -

30
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Seawater, brackish witer =~ 77 oo e e

TABLE U
Membrane Element Speculcat:on Cr!teria -
A. Test condilions = - e
Water quality 2000 ppm NaCl-spiral wound
1500 ppm NaCl-Aramid hollow fi-
N +1-T
LA5C{TTF) -
10-15% spiral wound
50-75% hollow fiber
225 psig thin-film compuosita
400psig hollow fiber
425 psig cellulose acelats

Water ternperature
Water recoverylfelemeant

Applied pressure .

B. Performance specifications
. Waler productivity |nmal average. mammum
" "End-of-life vaiugs = " -
Initial average, minimum
End-ot-life values
TTTCTOperating cbmfrr!vns‘*‘ S el e
Maximurg operaling pressure 500 psrg—TFC, CA
400 psig—HFF
Maximum operating lempera-
ture. 110°F—TFC .
104°F—HFF,CA
1.0NTU
- 3-5 30t
Free-chlorine tolerance ™ 0-5-8.Uppit-LCA —
<0,1 ppm—TFC/MHFF
Feedwater pH 4.0-6.5—CA
2.0-11.0—TFC .
A B HFE L L

Salt rejeclidn

Feedwater turhidity

A

_ TABLED "
RO Membrane Elements—CA, Polyamide

Manufacturer Size Madel No. Produc-
tivity Sall re-

jection

. ) - Gallday %

Desalination 47 x 40" CAD4AQFF 2100 96

Systems, Inc. 47 40" C4040DF 1400, 98

B*x 40" CBO4OFF 8OO0 86

g% 40" csmonF 5400 98

Fluid Systems 47 x 407 422150 2000 . 85

Divisionof UDP 4" = 40" 4221HR . 1600 98
: 4" x 60" 423180 Magnum 3250 . 95,

4% 60" 4231HR Magrum . 2650 28

8" % 40" 82215D 8000 95

8"x 40" B221HA . 6300 - 98

8"x 60" 82315D Magnim 13000 95

B~ % 60" 8231HR Magnum 10500 98

DuPont{C-1} = 4"x40” 4440 2100 96

47 % 407 4441 1700 08

8% 407 4840 ‘8600 98

o 8" % 40" 4841 17000 - 98
DuPont (B-9) 4" X 47" 0440 .4200. 80

Co 8" % 48" 0840 -16000 . 20

Hydranaulics . 4"X 40" 4040-MSY-CAB1 . 2000 @5

47 % 407 4040-MSY-CAB2 1600 98

B*x 40" BOA0-MSY-CAB1 8500 &5

8" x 40" B040-MSY-CAB2 6800 98

Toray 4% 40 SC2100 2320 ' 85

4" x 40" SC-6100 1400. .98

8*x 40" SG-2200- 9280 - 95

8" % 40" SC-6200 5840.. 98

ULTRAPURE WATER, MARCHIAPRIL 1986
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oifering a wids selection of element types and matarials. The

. rdajor manufacturers of membrane glerents are fisted in

Table B.

‘Baginning with the acqws:lron of HOGA Systems by Uni-
versal Oit Products in 1976, the membrane industry has
allracted other large chemical companies during the past
couple of years {Ajax by DuPont, FimTec by Dow Chemical,
and Hydranaulics by Rohm & Haas), This consolidation will
help to provide the necessary reséarch expendilures for
continued deve!opmems in rnembrane technology.

Membrane Element Specification Criterta
"The paficimance of a membrane element is chafactenzed
_by its water productivity and salt rejection values for a given
feedwater condition. All manufacturers provide this perfor-
—Tminee data i asimilar format; The spiral-wound elements
have been standardized in diameters of 4, 8, and 12 inches,

with an-overall length of 40 inches. Fluid Systems/UOP s’

also ofiering spital-wound elements in 60-inch lengths,
which are classified as Magnums. The hollow-fiber elements
(bundles) have similar sizes without the outer shells.
The important considerations -in the membrane element
“spécificationare outtined in Table--C:- All membrane
elements are tested for performance using a slandard so-
dium chloride so[utmn A standard solution provides a com-
mon basis for comparison, In actual applications, tha
“Tesdwater gudlity is rahdiated intoosmotic-pressure, -which: -
in turp is utilized to calculate the net driving force. Feedwater
temperatuie directly atfects the productivity of a membrane_
element. The performance is usualiy specified for 77°F and a

correction factor is applied at other termperatures using data

provided by each. manulacturer. The waler recovery per
elernent is an important consideration to ensure thal an:
adequate feed/brine flowrate is maintained at the membrané
surface, in order lo minimize the efiect of concentration
polarization {(which is the ralio of solute concentration at: the
membrane surfack reianve to thatin the bulk of solution). As
everse osmosis o_c:curs. the water permeates through the
rmembrane, leaving the salts'on the surface. This salt layer at
the membrane surface is minimized by maintaining turbulent
flow condilions, All manufaclurers generally specify the mini-
mum recommended bnne flowrate and water tecovery. The,
waler produclwaty of a-membrane element is a direct func- -
tion of -the net apphed pressure. Net pressuie is calculated -
by sublracting the osmolic pressure, hydraulic pressure
loss, and permeate pressure from the applied pressure. For

TFC membrane elements, the 225 psig applied pressure

translates lo 200 psig net pressure. (The vaives for CA
elements are 425 psig and 400 psig, respectively.)

The performance specification is characterized by sall
rejection and water productivity for a single element and for
a-batch of elements. These values are experimentally deter-
mined for each lype of membrane element. Initial value is the
produclwlly for the-first 24 hours. By continuing the testing
for a given.time period, a flux decline slope can be deter-
mined for computing the end-of-life performance. The initial
and end-of-life values are then used as a criteria for the
teverse osmosis plant design. The average values represent
ihe expected performance for a given baich of membrane
elements, The operaling conditions represenl the applica-
lion limits of a membrane element, Maximum leedwater tem-
peralure, flow, and pressure fimits are reta:ed to the physical

integrily of the membrane, while the feedwater pH and ghlo-

rine (olerance are related 10 the chemical stability of the

ULTRAPURE WATER. MARCH/APRJ, 1986
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membrane, Feedwater turbidity, a measure of the sus-
pended solids level in a feedwaler source, is related to the
membrane Iouring over a period of time. .

—— g

Spec!ﬂcatlons 5F Membrane Elements
The reverse osmosis membrang industry has made signifi-
canlimprovements in the design and quality of RO elements

during the past few years, The cellulose acetate blend mern-

branes havé heen optimized for a net applied pressure of
400 psig. The thin-film composite membranes provide simi-
lar or énhanced performance for a net pressure of 200 psig,
thus cutting the power consumption in half. The industry has

- standardized product specifications in both these categor-
ies.

The specmcatrons of elements utilizing asymmetric mem-
branes.are summatized in_Table D, Slandard specmcatlons
for spiral-wound elements are based on opération Wilth &~
feed of 2,000 ppm sodium chloride solution at 420 psig
operating pressure, 77°F water temperature, and 10% re-
covery per module, DuPont hollow-fiber recovery rale is 75%
with a feed quality of 1,500 ppm NaCl. All elements are 40
inches long {except the hollow fiber and Magnum) and are
physically Interchangeable withy appropriate adapters. Refer
to individual element speciications lor more details
{references 6, 7, 9, 10, 11). Table E lists the cross-compari-
son of spiral-wound efements. The key parameter here is the
-net prassute ol 400 psig for spiral:-wound glements, The test
waler quality varies from 1,000 ppm lo 2,000 ppm NaCl

The specilications of- thin-film composite merbrana
elements are summarized in Table F. Standard specifica-
tions are based on operalion with a feed of 2,000 ppm Na_Cl

mate weapons to fight's agamst ‘membrane d-gradauan By uulmng
King Lee deancrs and prémreatment chemicals, you can maintain the

. integrity and ¢fectiveness_af your R.O. or. UE membranes. ¥ it’s
ulosc lc:mte,polyamtde,or po'(ysuiphone,l(mg Lcc sproducts wdl

. lﬂ' Scavenger.. 'R. . ystcm Mo
M KL Computer Sofiware for R.O. S'fsu:m

i Mamtcnancc Schcdulmg _

Call Today

King Lee Chemical Company _
P. O, Box 9740, San Diego, CA 92109 * 619/693-1358

' CIRCLE READER SERVICE CARD NO. 64
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CTABLE E
RO Elements Cross-Reference Chart
Asymmutric Membranes
Manufacturars and modol numbers

Membrang
typs Hydranautics Toray FSDIUOP [#1:4) DuPonl C-1
Standard 4040-MSY. SC-2100 422150 CAQ4OFF 4440
CABl
rgjection
(95% 96%) 8040 MSY.  S§C-2200 822180 CBO4OFF 4840
o CEABE et s e em e et o ee e o
High 4040-M8Y- SC-6100 S21HR CA040DF 444
caBz
——— Rejetlion— ——r s et e
SC-6200 . 822iHR  CBO4GDF 4841

(97%-98%) 8040-M5Y-
CAB2.
solution, 225 ps1g applied ¢ pressure. (270 psig for
Hydranautics), 77°F waler temperature, and a minimum of
10% recovery per module. All elements are physically inter-
changeable with appropriate adapters. Refer to individuai -
element specifications for more details (references 7-11). _
Due to the high water flux of TFC elements, the pretreatment
reqmrements for the RO teedwater need careful evaluation
in order to minimize membrane fouling. Again, the key pa-
- -rameteris-200 psig NetPressUIB - o — o ;

Field replacement of elements should be caretully evalu-'” ‘

ated for productivity, salt rejection, element cost, and ele-
ment performance history. These tables are to be used as
guidelines only. The element performance history is an es-
pecially important consideration for ﬁe application of a spe-
¢ific TFC element.

One new permeator, not’ covered in the above compan-
son, has been available for a few years for low pressure (250
psig) brackish watar applications, Dow Chemical developed
this permeator In cellidose triacetate hollow-fiber membrane
configuration. This low pressure permeator will reduce en-
ergy consumption by about 40% and- wnli effectively com-
pete with the TFC elemenis
Conclusions :
There are three lypes of membrane elements commerc:ally
available today: low pressure operation, 200 to 250 psig;
medium pressure operahon 300 to 350 psig; and standard
pressure operation, 400 to 450 psig. Hollow-tiber
permeators are primarily used on well water supply installa-
fions or when the pretreatment ‘system has been properly .
designed and operated. Spiral- .wound elements find wide
application in all types of water sources, as they are rela-
tively easy to clean. The TFC and other low pressure
elements will find greater use in the coming years because
of the lower lotal cost and better performance, The {ulure of
reverse osmosis and other separation membranes is _ex-
tremely promising. The membrane development pmgram is
already entering the fourth generation, offering membianes
for brackish water applications for lransmembrane pres-
sures of about 100 psig. :
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TABLEF -
RO Membrane Elements
" Thin-Film Composites

RO Membranes Cross-Relerancs Chart

Thin-Fllm Composites
= MEntlacturers and motel numbers- -

iype FilmTec DSI  Hydranautics FSOIUOP DuPort 815
4gia  BWI0-A040 S4040JF  4040-MSY-
FCH a021P 3440l
4dia  BW30-8040 SAOAOIF  BO40-MSY- :
- IFCY . BOZILP ag40L
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) Standard specilications
Manufaciurer Size Modelno.  Praductivity Salt tejection
: : Galiday %
DSl 4" 40" 54040JF 1800 S8R
o 8% 40"  SBOAOJF 7500 98
DuPent 7 T4"x4A0 344007 0 TTT 20000 967 -
(asyrnmetdic) ~ B7x 40" 3640L ) 8300 . . 96
FlmTec 47x 40" BW30-4040 1800 .- 98
) "% 40" - BW30-8040. . 7500 . ... 98 _
FSDAOP 4"x 40" 4021LP 1800 a6
s < §"x40" 8021LP° 7000 96 -
Hyeranautics 4*x40" - 4040-MSY- 1600 97.5
' IFC1 . ]
8"x 40" B8040-MSY- 6300 97.5
IFC1
"TABLEG
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II. Uses of Reverse Osmosis 54
IlI. Considerations for the Reverse Osmosis System Buyer 61

A. Economic considerations 61
B. Membrane system components 63
C. Module types and designs 74

91

1V. Manufacturers' Specificaions

[. INTRODUCTION

Confronted with a process design problem requiring the purification
of an aqueous feed, or the concentration of a dissolved solute, '
many engineers are considering reverse osmosis (RO). Where once
there were a few pioneering suppliers, today's buyer of RO equip-
ment faces an increasingly diverse array of products and equipment,
‘This is the result .of the present day acceptance of RO as a routine
chemical engineering process. “in thé past; RO was & "promising”’
method of water purification, but because of its novelty and un-
certain economies, RO always faced an uphill battle against older,

proven technologies.
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Commerciol RO Membrones and Modules
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Commercial RO Membrones and Modules
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The Expanding Roster of Commercial
Reverse Osmosis Membranes

Rabert J. Petersen, PhD

FilmTec Corporation

Copyright 1986 FilmTec Corporatlon, 7200 Ohms Lane, Minneapolis. MN 55435 USA
~ 612-835-5475/Telex 290899 FILMTEC EDNA/Telefax 612-835-4996
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TABLE 1

Classification of Commercial Reverse Osmosis
Membranes by General Chemical Type

. Fully Aromatic Polyamide

duPont Permasep B-9, B-10 hollow fine fiber
duPont ' Permasep B-15 spiral
FilmTed " . TW/BW/SW/HR-30 spiral

SDpS : - HR-95, RR-99 plate & frame
PCI o o ZF-99 tubular
Culligan developmental product spiral

Aryl-Alkyl Polyamide/Polyurea

ok

} uop ) RC-100 (and PA-300) spiral
Hydranautics CPA : spiral
Toray. .- _ SU-410 " spiral
Nitto Denko NTR-7197 spiral

Cellulose Acetate :
Numerous suppliers all shapes’

Cellulose Triacekate .
Toyobo ' Hollosep hollow fiber
FilmTec (Dow) - Dowex LP, SP hollow fiber

Polyactylonitrile
Sumitomo Solrox tubular, spiral

Polybenzimidazolone

" Teijin PBIL ) tubular, spiral
Py Polzgiperazineamides
tE FilmTec _ - NF-40, HF-~40HF spiral
‘ Nitto Denko NTR-725C _ spiral
oo MToray oo Suzzi0 o seiral .
Sulfonated Polyfuran
-Toray . PEC-1000 spiral
Sulfonated Polysulfone
DSt _ . Desal Plus spiral
Millipore PSRO . spiral
—h-
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FLOCON® 100 Antiscalant is a polymer solution which inhibits inorganic scale
formation in reverse osmosis (RO) water purification systems. BLOGONAOGQ:IS g
ally: ffoctiveAgaSTeAC Tarbonalexealcion sulfatE harihy Sulale 2y
andstroptiunysulfate.scales

%ﬁraved’by Al major tnembrane manufacturers, FLOCON 100 is the antiscal-
ant of choice by RO systems companies around the world. Effective, economical,
easy to use, and environmentally safe, FLOCON 100 is accepted for potable water
use by the U.S. Environmental Protection Agency, as well as state agencies and
foreign regulatory bodies. ‘ :
 FLOGON 100 is currently being used in a wide variety of applications ranging
from potable water in' municipal water plants, offshore oil platforms, condomin-
iums, and ships at sea to ultrapure water in semiconducior plants, process water
in utilities, and tertiary water recovery in sewage treatment facilities.

Installations using FLOCON 100 range in size from laboratory units up to faciii-
ties producing 15MM gallons/day. FLOCON 100 is available wherever RO units
are used, from Australia to Zambesi, with Pfizer sales offices, distribution facili- '
ties, and technicians in key locations around the world.

627



regulatory acceptance

FLOGON 100 has been accepted for use in RO systems producing potable water by the United
States Environmental Protection Agency (EPA); the United Kingdom Department of the Environ-
ment: the Testing and Research Institule of the Netherlands Waterworks KIWA Ltd.; Ministerio de -
Sanidad y Consumo in Spain; Statens Institutt for Folkehelse in Norway, and the Staatliche
Brautechnische Pruf und Versuchsanstalt in Germany. :

toxicity

FLOCON 100 has an extremely low order of acute toxicity and is only mildly irritating to the skin
or eyes. It has an oral LD,, of > 5.0 g/kg in rats. No significant signs of toxicity occurred in rab:
bits during a 24-hour period in which 2.0 g/kg of undiluted material was topicalty applied to.

* clipped intact skin. No significant toxic effects were noted in rats exposed o saturated vapors for
one hour. Slight conjunctival irritation was produced from instillation of 01 ml in rabbit eyes. -
FLOCON 100 did not demornistrate mutagenic activity at either the chromosomal or sub-chro-

mosormal level. . .
FLOCON 100 is not a poison or corrosive material under U.S. Department of Transportation

guidelines. _ : _ _ .

FLOCON 100 has been accepted by the U.S. Environmental Protection Agency for use in the
preparation of potable water by reverse osmosié at dosages not to exceed 15 ppm for seawater
and 20 ppm for brackish water, and is similarly approved by the U.K. Department of the Environ-
ment, KIWA, and the State of Florida. '

environmental safety

Studies indicate that neithar normal use nor accidental discharge of FLOCON 100 would endan-
ger the environment. Exposure to representative freshwater and saltwater fish indicated that
FLOCON 100 is not considered hazardous to aquatic animals or mammals under EPA toxicologi-
cal selection criteria (Federal Register, 43, No. 49, Mar. 13, 1978, p. 10474). LC,, to bluegills was
1000 ppm, with no discernible effect at 680 ppm after 96 hours of static exposure. LC, 1o
sheepshead minnows was 600 ppm with no discernible effect at 360 ppm after 96 hours of static
exposure. . '

Tosts of chemical and biochemical oxygen demand indicate that FLOCON 100 is slowly biode-
graded by microorganisms commonly encountered and widely distributed in the environment.
Accordingly, buildup of significant concentrations is unlikely.

shipping data
FLOCON® 100 Antiscalant

Weight
pounds per gallon, 25°C . ... ..

kilograms per liter, 26°C ... ..o oo R ELEREREEE 117

f— _ ype-of comainer and-net CONERtS- — ——- - == e s oo e -
55-gallon (208 liters) polyethylene drums. .. ...t 500 b (227 kg)

- .5_'93.”9'7_(.18:9 1i_te_ars) plastic pails ... e 50 Ib (22.7 kg)

ICC 1ADEIS FRQUITRH & . oot i e et a e e None
Freight description .. ........... R Chemicals, NOI
Bureau of Explosives '

None

description of COMAINETS . ... ... v




precautions

Biologica! Fouling

Very few RO feedwaters can be classified as sterile, and biological fouling of a membrane
is a possibility whenever a system is permitted to sit idle for some period of time. During
‘operation, introduction of organisms from the antiscalant feed tank is a possibility, but since
the antiscalant doses are very small, the count added from the antiscalant feed tank witl in
most cases be trivial:-As an additional protective feature, however, FLOCON 100 contains a
preservative that inhibits the formation of microorganisms in the dilution tank. Preservation
is effective up to a dilution of approx;mately 1 part FLOCON 100 to 15 parts of RO product
water. General periodic cleaning of a dosing tank is the best insurance for maintaining a
feed tank that is relatively free of biclogical growth.

If the size of the RO system dictates a FLOCON 100 diiution greater than 1:15, the opera-
tor may wish to add some additional protection against biological growth to the feed tank.
Chlorine generally is the most effective biocide, but only should be used with cellutosic
membranes or the newer chlorine-resistant thin film membranes. For polyamide and tradi-

{ \*i tional thin film composite polyamide membranes, sodium bisulfite at 500 to 1000 ppm

I added perlodlcai[y has been effective in keeping the dilution tank free of biological contami-
nation. The operator should not, under any circumstances, add quaternary ammonium
biocides to sclutions of FLOCON 100. These cationic products will react with anionic
FLOCON 100 and reduce the availability of the FLOCON 100 in the feed stream. For
questions about your system, please contact your Pfizer representative.

Use of Flocculants

Some water sources havmg a hrgh level of suspended solids require the use of a flocculat-
ing agent to assist in the removal of particulates by filtration. When an RO system needs
such pretreatment, itis essential to minimize the dose of the fiocculant to ensure that itis
removed with the silt in the filtration step. Typ1ca|ly polymeric flocculants are very high'in
molecular weight and will foul most membranes if overdosed. The charge on these prod-
ucts may be positive or negative, but positively charged products seem to predominate.
FLOCON 100, like all threshold scalé inhibitors, is negatively charged and can interact with
positively charged flocculants to form a precipitate capable of fouling a membrane. if the
overdose of flocculant is recognized early and cleaning initiated without delay, the perform-
ance of the system can be restored. Contact the membrane manufacturer to determine
iy those suitable for use in your system.

“additional water treatment products
Other FLOCON Antiscalants

Pfizer Inc has developed a fine of specialty FLOCON Antiscalants to be used with problem
feed waters. Contact your Ptizer representative for full delails.

Flocleans

4 .- Pfizer Inc:-also manufactures a famnily of cleaners especrally formufated to restore fouled

The information confained herein is tue and accurate to e best of our knowledge ' Mo warranly or guaianleg is
’ expressed or implied rega:ding the accuracy of such data. It is the yser’s respansibility lo determine the suitability {or
his awn use of the productis described herein. Nothing harein shalt conslituie pesmission, inducement, of recommenda-
- tion 1o practice any invenlion covered Dy any palent owoed by Plizer [ng. or by olhers, nos as a tecommendalon to us2
any product or fo praclice any process in vialatien of any law or governmeant regulation.

6-2%
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Technical Bulletin
FILMTEC'

2 5" Seawater RO Element
Specifications

Product Minimum Szit  Average Salt
Water Flow  RejectionC1®  Rejection G

7200 Ohims Lane

- Minneapolis, MN 55435 USA
Telephone 612-835.5475
TELEX 290899 FILMTEC EDNA
TELEFAX 612-835-4906

May 1988
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Rtate GPD (m?/D) [%) %)
SW30-2514  100(0.38) 98.6 99.1
SW30-2521  200(0.76) ~  98.6 99,1
SW30-2540 500(1.9) = 98.6 991

1. Permeale tow and sall rejection based on the follawing conditions:
25000 PPM Seaveatar, BOG PSI(5.7 M Pa). 77°F (25°C }.pHB and recovery
asindicaled below. 2. Flow rates for individual elements ray vary +15%.

Guidelines of these specilicaions.

—
col D DIA
L .
U-Cup Brine Seal Fiberglass QuterWrap  EndCap
| Feed Product
Operating Conditions
Membrane Type Thin-Film Composile
pMaximum Operating Pressure 100D PSI(6.8 M Pa)
Maximum Operating Temperature 113°F (45°C)
Maximum Feed Turbidity 1 NTU
Free Chiorine Tolerance <041 PPM
pH Range:
Continuous operation 2-11
Short-term {30 min), cleaning 1-12
Maximum Feed Flow 6 GPM (23 LPM)
Maximum Feed Silt Densily index - 5D
Maximum Pressura Drop Across 20PSI
40" Element
Single Element Recovery ( Permeare ey
Flow o Feed How). Resovery A 8 e -3
SW30-2514 0.035 14.0 1.1 0.75 24
SW30-2521 : 0.05 21.0 BN 075 . 24
SW30-2540 0.1 40.0 1.1 0.75 2.4 -
3. Consull FilmTec Design Guidelines (bullelin #4004A} lor rulliple ela- 5, Elementtolit 2.45inch 1.0, pressure vessel.
ment apphications and vanous ieed sources. 4, Contact FilmTec Corpora. : s
ton. Markeling Depariment. belore operaling elements oulside Design .
FILMTEC-3000A
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“‘Important Operating “N mitmTec Corporation

Infarmation ST N subsidiary of The Dow Chemical Company
7200 0Ohms Lans
Minnaapolis. MN 55435 USA
Telephonge 612-835-5475
TELEY, 200899 FILMTEG EONA,
TELEFAX 612-835-4996

1. Keep elements moist at all
imes. _ '
2. lioperating specifications given
in this Technical Bulletin are not
sirictly tollowed, the warranty will
ve null and void. .‘
3. Permeate oblained from first
hour of operation should be dis-
carded. _ ‘
4. Elements mustbeinuseforat
least 6 hours before formaldehyde
E is used as a biocide. [f the elements
-~ are exposed to formaldehyde be-
fore being in use for this period of
time a severe loss in flux may result.
5.0 To prevent bacterial growth.
and help maintain flux, it is recom-
mended thatelements beimmersed
in a-solution of 20.0 percent, by:
‘weight, glycerine and 1.0 percent,
by weight, sodiurn bisulite when-
ever the system is notin use for a
period longer than one week. -
6. The membrane shows some
resistance to short-term attack by
chiorine (hypochiorite). Gontinu-
ous exposure, however, may dam-
age the membrane and should be
avoided. .
7. The customer is fully respon-
sible for the effects of unappraved
chemicais on FilmTec eflements.
Their use will void the element
=~ warranly.

T

e
et

e
g
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TFC® Reverse Osmosis
Seawater Element Specuf!cahons

Model No. 1801 700085° " 702088
Nominal diameter (in) 6 2 ' 22
Design productivity® (gpd) 2,100 120 - 275
Design rejection” (%) 99.3 99.4 : 99.4
Min. rejection® {%) 99.0 99.2 | Q9.2
Maximum pressure drop
per element (psi) 10 8 . - s 10
A
9"'\‘}9“3_
: _ [ o
Model Neo. 102158 1024HF ** 2021SS - 2021HF
Norminal diameter {in) 4 4 - 8 8
Design productivity® (gpd) 1,000 4,400 4,000 - . 6,000
Design rejection® (%) 904 99.0 _ 994 99.0 -
Min. rejection® (%) 99.2 98.6 992 ' 28.6
Maximum pressure drop : B
per element (psi) i0 10 40 10

*When individual elements are fested under the !oilowmg condiﬁons-
* 32,800 mg/L NaCi solution _
Sggcpé};ﬁgﬁgi% ?;Erﬁf;gﬁ]tur e ’ 'Specia! order quam‘ifies on!y_.
7% recovery _
~-Feed- F_)H57—'—"'~ T T oreme s m e e o T
30 minutes operation prior 1‘0 :
data collection
 Individual element productivity
may vary & 15% from design.

FIUlds stems

byum

10124 Old Grove Rocd + San Diego. CA 92131 ¢ Telephone §19-695-3840 » TlX 1889% « Telecopier 619-695-2176
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“ TFC® Spiral- -Wound Reverse Osmosis Element
Seawater Model 20315S MAGNUM®

PERFORMANCE SPECIFICATION

DESIGN CHLORIDE ION REJECT&ON 99.4%

DESIGN PERMEATE PRODUCTIVITY 6,200 U.S. gpd (235 m?/d)

TEST CONDITIONS: 32,800 mg/L NaCl solution (isosmotic to ASTM

seawater), 800 psi (56.3 kg/cm?). 11% water recovery, 25°C (77°) and pH 5.7.
Data are collected on each element affer 30 minutes of operation af

these conditions:

§
L
DRAINED WEIGHT: 58 Ib (264 ka)
HRkE SEAL ’ FILAMENT WOUND Nominal Dicmeter 8
[ 00205 - PROTECTIVE SHELL 1
kE e e e e ) INTERCONNECTCR
e, T o A _ : / vunf»:ar
- " PERMEATE
\ O-RING t8EF;
N AC-TIE
g"“} . L
. henreawn 2 CONCENTRATE
) ' Refer fo the chk of this shee‘r for fmpor’ronf operating and design lnformahon
This information is intended for use as @ guideline. For operc:hon outside these
guidelines, please contact Fluid Systems.
% . 40124 Old Grove Road = Son Diego, CA 22137 '+ Tetaphone 619-695-3840 » TLX 188906 » Tetecopier 619- £55-2174
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Operational and Design information

1. The demgn chloride ion rejection and permeate productivity are based on
average volues obtained during the final acceptance testing of the elements and

should be used when demgmng systems.

2. Al the fest c:ondh‘ions shown, fhe minimum chioride ion rejection is 99.2%. individual
element permneate productivities moy vary & 15% from the design value.

3. For most systermns. the eptimum pH ié approximately 5.7 fo obitain maximum
rejection as well as to minimize the tendency for precipitation of sparingly
soluable salts. If the operating pH Is above 5.7, NaCl rejection can be estimated

by the following equations:
Nall Rejection = 0.994 -~ 0.00105 (pH - 56.7)

where pH = cnhc:pcfed operating pH

4, Recommended design pressure — 800 psi (56.3 kg/cm?)
Opeiation at any pressure below 1000 psi (70.3 kg/cm?) is pemissable provided the
design permeate productivity per element is not exceeded and the operation is
within the hydraulic limits stoted in 5 ond 11 below.

Maximum operating pressure — 1000 psi {703 kg/ em?)
5. Maximum pressure drop per element - 15 ps; (1 05 kg/cm ]

6. Moxrmum allowable feedwo?er furbld:h/ =~ 10 NTU _
experence has shown that prolonged operation on feedwafer turbidities greater
than 0.2 NTU generally results in prohibitively frequent cleaning requirsments.
Fluid Systemns strongly recormmends that pretreatment equipment be designed fo
routinely attain feedwater turbidity of less thon 0.2 NTU

7. Allowable feedwater temperatute range: 1 10 45°C (34 10 113°F}
The effects of temperature on net operating pressure and/or permeate
produchwfy can be cak:urcted from FSD Bulleh'\ 0004 Temperoture Effeca‘

8. Maximum allowable chlorine or similarly active oxidizing agents such as iodine,
trromine and ozone: Zero

9. Allowable operating pH range: 4 to 11
Allowable cleaning pH range: 3.5 10 12

10. Elements may be cleaned with cationic or nonionic surfactants. Anionic
surfactants should be avoided as ireversible fouling may occur.

=11, MaxXimum ecevery 1aie 1o any presare tube in'G systern ™" T T

Elementsftube  one two three four

Maximum (%) 19 - 33 .40 44

QOperation af greater that the maximum recovery moy result in excessive

boundory layer conditions or brine concentrations. Please contact Fluid Sysferns or
your distributor for assistfance. ,

6-~34
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SHEET MEMBRANE

PERFORMANCE CHARACTERISTICS :

PART  NOMINAL®
NUMBER FLUX [gfﬁ]
10500 ' 13
10501 20
10502 25
10503 21
10504 25

NOMINAL

_REJECTION

99.5
92.0
28.5
Q70
250

MINIMUM
REJECTION

99.2
98.6
970
93.5
?3.0

PACKAGI NG AND STORAGE:

TFC® sheet membrane types S5, HF MP and LP will be rolled on o fiber core. Ceﬁulose acetate sheet membrone
{type CA) will be rolled on a PVYC core. Maximurmn roll lengths for ease of handling and packaging is 650 linecr

‘*i izet. Rolls will be plastic wrapped and suitably boxed for shipment in ti-wali cardboard containers,
TFC® membrane types are shipped dry. Cellllose acetate membrane is shipped wetted with a residual ~
2% formaldehyde solution. Estirnated shelt life of type CA is one mom‘h Sheet membrane products: '

(1) Should not be stored in direct sunlight,
{(2) Should not be allowed to freeze or be exposed to ’rempercﬁures in excess of 50°C (122°F) for TFC® fypes
and 40°C (104°F for CA

 The ideal storage temperature range is 5 1o 10°C (41 to _50°F].

Iy

10/86

Note':

Mote’:

Membrone' rjerformonce characteristcs c:rre'determined by fabricating a spiral-wound
element from the sarne membrane lot and festing at Fluid Systems’ standard conditions:

SS/HF: 32,800 mg/L NaCt solution
800 psi(56.24 kg/cm?)
7% water racovery
25°C{77°F) and pH 5.7

MP/CA: 2,000 mg/L NaCt solution
420 psi {29.5 kgfcm?)
10% water recovery -
25°C (77°F) and pH57

LP: 2000 mg/L NaCl solufro.n- .

225 psi (15.8 kg/cm?)
10% water recovery
26°C [77" ] c:nd pH 5.7

Dofo are collecied on each e!emen’r Gﬁer a 30 minute equilibration period o’r the above

conditions.

All membrane fluxes {gfd) listed are +15%.

FIU|d systems

byuop

10124 Old Grave Road + Son Diego, CA 92131 « Telephone 619-695-3840 » TiX 188906 + Telecopier 519-695-2176
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Operational and Design Information

TFC® MEMBRANE TYPES SS, HF, MP and LP:

1.

Note:

Allowable feedwater tfemperature rongé:'”i to45°C (34 t0o 113°F)
The effects of ternperature on net operating pressure and permeate
productivity can be caolculated from FSD Bulletin, Temwnerature Effect.

Maxirum allowable chilorine or similarly active oxidizing agents such as
iodine, bromine and ozone: Zero

Allowable operating pH range: 4 1011
Allowable cleaning pH range: 3.5 fo 12

These membrane types may be cleaned with cationic or nonionic
surfactants. Anionic surfactants should be avoided as ireversible fouling

maQy oCCcur.

Sodium bisulfite or similar reducing chemicois shou]d not bé
used as a sterilant or sforage chemical without first consulting
Fluid Systerns. _ o :

CELLULOSIC MEMBRANE TYPE CA:

1.

Allowable feedwater ’rempero’mre range; 1 1o 40°C (34 10 104°F)
The effects of temperature on net operating pressure and/or permeate
productivity can be calculated from FSD Bulletin, Temperature Effect.

Maximuim allowable continuous concentration of chlorine or similarly active
oxidizing agents such as iodine, bromine and ozone: 1.0 mg/L chlodne
residual or equivalent.

- Alowabie operating pH 1an@es3-40 7- - « « oo - ieet oo Do

Allowable cleaning pH range: 3 10 8

For most systems, a practical optimum pH is approximately 5.7. At ’r'his'pH.

" membrane hydrolysis and the tendency of calcium carbonate to

piecipitate will be minimized. Above pH 6 these effects may becoms .
significant and may reduce the effective life of the membrane.

in some instances operafion outside these 'pH ranges Is permissible. Please
contact F_Iuid Systerns or your distributor for guidance.

6-36
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CLEANING INSTRUCTIONS
FOR ROGA® ELEMENTS

This sheet contains two cleaning solutions used by Fluid Systems’ Technical Services
Department. These solutions have proven successful in most cases where fouling
OCCUTS.

P

NOTE: If the cleaning procedure does not restore the system
production fo the expected capacity or expecied water
quality after cleaning, please contdct the Technical Services
Department-at Fluid Systems immediately.

Advrsory There are a number of propnetary cleanlng solutlons available from
- chemical companies. Some of these cleaning solutions have been used -
to clean Fluid Systems' elements and have proven effective.

Before using any cleaning solution other than those listed, contact
Fluid Systems.

{Coniinued on Reverse Side} - - : o ' ‘ _

FIUId systems '
B t”’UOD

10054 Old Grove Road * San Diego. CA 92131 + Telephone 619-695-3840 ¢ 1LX 188506 » felecopueréw 695-2176
6317
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Cleaning Instructions for ROGA® Elements:
Cleaning Solution for 1 Cubic Meter of Water (264.2 Gallons)

NOTE: The water used fo prepare either solufion must be ireoted feedwoter or R.0. permeate.

SOLUTION A | .
This solution is used to remove acid soluable substances such as metal hydroxides (iron} and

calcium carbonate

1. Citric Acid ... ... 20 kg (44 pounds) or Phosphoric Acid.75% ... .. 55 liters {14.7 palions)
2. Triton X-100 .. ... e e e et P VU B 11111
3. Adjust pH to 2.5 with NH,OH (ammonium hydroxide) after mixing chemicals.
SOLUTION B
Used where the fouling material is organic in nature. :
1. Trisodium Phosphate (TSP).......... R e e 20 kg (44 pounds)
2 Sodium EDTA (Sodium Salt of Ethylenediaminetetra Acetic Acid)
if powder .. ... PR e e e 8 kg (17.5 pounds)
{f38% salution. . ................. e e SRR 20 kg (44 pounds)
3 Triton X100 ... ..o oo OO e 1 liter

4. Adjust pH with H,S0, (sulfuric acid) or HCI {hydrocholoric acid) as follows after mixing chemicals
with product water: - | . S
HR Elements should bé cleaned at a pH of 7.0.

SD, S, and LP Elements should be cleaned at a pH of 8.0.
Saodium Tripolyphosphate (STPP) may be substituted in part or entirely for the TSP.

Both cleaning solutions may be used at atemperalure range from ambtentup 10 4O°C1'(1 04°F) for 45 minutes
and at the recommended flow rate as indicated below. The systern pressure should be fhe minimum required

to achieve specified flow buf in no case should pressure drop ocross any pressure tube exceed 60 psig.
Soaking elementS i cledtiing Soiufiofis under static conditions is somelifies useful for improving cleaning
results when severe fouling has occured. SOAK TIME OF LONGER THAN 24 HOURS 1S NOT RECOMMENDED.
_Formaldehyde may be added to either cleaning solution fo aid in disinfection of removing biological growths.
Formaldehyde is available as a 37% solution (0.4 kg per liter — 3.33 pounds per gailon). i maybe used as a
0.5 to 1% sotution. A0.5% sotution contains 13.5 liters of 37% tormaldehyde per cubic meter of water (3.6
goifons per 264.2 galions).

MAXIMUM CLEANING FEED FLOW RATE

ROGA® Element todel - | L
A10 T . et 1.8 m%/hr/tube (8 gpm)
CAVB0, 4221, A28 o T I L0023 mi/hr/tube (10 gpm)
8150, 8221, 8231........ I e R e 9.1 m%/hr/tube (40 gpm}

Pressure tubes are fo be cleaned only in paroflel. Where 0 series drroy of pressure tubes is used for higher
racoveries, each array shail be cleaned seporalely.
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Cleaning Instructions for TFC® Elements:
Cleaning Solution for 1 Cubic Meter of Water (264.2 Gallons)

NOTE: The water used to prepare either solution must be. free of residual chiorine or other oxidizing
agents. For first stage seawater applications, RO permeate is preferred, but for brackish water
applications, treated feedwater can be used. :

SOLUTION Y

NOTE: Cleaning solution Y may cause a temporary increase in mernbrane salt passage and/or woter flux
beyond specifications. This condifion should iast no fonger than 24 hours.

This solution is used to remove acid soluble substances such as metal hydroxides and calcium carbonate. it
should also generally be used before using SOLUTION Z.

GG ACIT .« o s e e e 10 kg (22 pounds)

Adjust pH 1o 3.5 with NH,OH (ommonium hydroxide) ofter mixing.

SOLUTIONZ (CAUTION — Selution Z must NOT be used on ROGA® elements (cellulose dcefate membrane).)

This solution is used to remove organic substances and microbiological slimes not acid soluble.

Borax,........... e P 10-kg (22.1 pounds)
Sodium Salf of EDTA (Ethylenediaminetetracetic Acid) ‘
AsPowder ............ e AP P Vi 10 kg (22.1 pounds)
As39% SolUtion . .. .. 25.6 kg (56.5 pounds)
Trisodium Phosphate (TSP)... ... .. e e e 10 kg (22.1 pounds)

The pH of this solution does nothavetobe adjusted for TFC® éiemenis.

Both cleaning solutions maybé uéed ata temperature range from ambient up to40°C (104°F) for 45 rinutes
and of the recommended flow rofe as indicoted below. The system pressure should be the minimum reguired

1o achieve specified flow but in no case should the pressure drop across any vessel exceed 60 psig--

Formuldeh.yde maybe _oddé’d fc_i either cleanin% solufion o aid in disinfection or removing biological 'grow’shs.
Formaldehyde is available as 6 37% solution (0.4 kg per liter— 3.33 pounds per gallon). It may be used as @
0.5 to 1% solution. A0.5% solution contains 13.5 liters of 37% formoldehyde per cubic meter of waier (3.6

galions per 264.2 gallons).

MAXIMUM CLEANING FEED FLOW RATES

TEC® Element Nominal Diometer

O AT S PP I DI 0.7 m*/hr/tube (3 gpm)
- T P P 2.3 m?/hr/tube (10 gpm)
B e e P 4.6 m*/hr/tube (20 gpm)
B S 9.1 m?*/hr/tube (40 gpin)

P_reééur_e tubes are to be cleoned only in parallel. Where 0' series array of pressure tubes is used for higher
recoveries, éach array shall be cleaned separafely. - : .
: 8-39



CLEANING INSTRUCTIONS
FOR TFC® ELEMENTS

This sheet contains two cleaning solutions used by Fluid Systems’ Technical Services
Deparimeni. These solufions have proven successiul in most cases where fouling

- OCCUrs.

NOTE: If the cleaning procedure does not restore the system
production to the expected capacily or expecfed water
quality ofter cleaning, please contact the Technical Services

. Depariment at Fluid Systems immediately. -

Advisory: There are a number of proprietary cleaning solutions available from
chemical companies.. Some of these cleaning solutions have been used
to ciean Fluid Systems’ elements and have proven effective.

Before using any cleaning solution other than those listed, contact
Fluid Systems.

{Conlinued on Reverse Side)

10054 Old Grove Road + San Diego, CA 92131 + Telephone 619-695- 3840 * TLX 188906 * Telecopler 619- 695 2176
6-40
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FILMTEC

FT30 Membrane
Description

FilmTec has developed and com-
mercialized a thin-film composite
reverse osmosis (RO} membrane
" that gives excellent performance
for a wide variety of applications,
including low-pressure tapwater
‘use, single-pass seawater and
brackish water desalination,
chemical processing, and waste
#, treatment. This membrane, des-
i} ignated FT30, is a significant
improvementover conventional
cellulose acetate types and other
commaercial thin-fitm composites
in terms of fluy, salt rejection, and
microbiological resistance. FT30
elements.can operale over a pH
range of-2 to 11, are.resistanito
compaction, and are suitable for
temperatures up to45°C. .
FitmTec spiral-wound gle-
ments of FT30 membrane have
been extensively used since 1980
both inthe United States and

abroad: In numerous trials under -

actual seawater conditions, FT30-
elementls have provided salt rejec-
tions of better than 99 percentand
fluxes of 20 gfd. On a 0.2 percent
salt solution at 200 psi, rejections
: of 98 percent and fluxes of 22 gid
.4 are routinely obtained: .

et
et

Several long term tests have

“been completed. A continuous
three year test operating at about
'25°C and 350 psi on:3000 ppm -
feed did not shiow any membrane
-compaction or deterioration-in salt
rejection. Flements have also
operated in shipboard seawater
systems with normal intermittent
use for over three years with no
sagnlflcant loss in performance.
el . The ET30 membrane has -
been tested and approved by the
U.S. Food and Drug Administration
- (FDA) for use in processing liquid
- foods and purifying water for food
applications. FILMTEC FT3Gis
the only thin-film composite RO
membrane to have received FDA
f"’% approval :

Thin-Film Composite
- -Configuration - .. - ... -
The membrane composnte con-

sists of three layers: a polyester
support web;.a microporous poly- .
sulfone interlayer, and an ultrathin
barrier coating on the top surface.

* Aschematic diagiam of the mem-

brane is shown above.
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Minneapalis. MN 55435 LJSA
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January 1988

Béscription of the
FT30 Membrane .

N

i

|

_The major structural suppoﬂ is
provided by the nonwoven web,
which has been calendered to pro- .
-duce a hard, smooth surface free
of loose fibers. Since the polyester
web is too irregular and porous to
provide a proper substrate for the
salt barrier layer, a microporous

FILMTEC-5C052



tayer of engineering plastic (Udel
polysulfone)is cast onto the sur-
face of the web. The polysuifone
coating is remarkable in that it has
surface pores controtled to adia-
meter of approxlmately 150 ang-
stroms. The FT30 barrier layer,
about 2000 angstroms thick,.can
withstand high pressures because
of the support provided by the
polysulfone layer. Because itis

thicker than the other thin-film
composites, FT30 is more resistant
to mechanical stresses and chem-
icat degradation.

Biological Protection
and Dismfectmn
various storage tests have been
conducted at FilmTecon FT30
elements to-determing biclogical
protection procedures. The-best
procedure for storage is fo soak
the element in an agueous solution
with 20 percent by weight pro-
pyleng glycol or glycerine and 1.0
percent sodium bisulfite. The pro-
pylene glycol or glycerine also
praevents freeze damage. For short
term storage (uptoa week), only
the bisulfite is needed to prevent
biological growth. This treatment. :
maintains initial membrane flux
“and perforiidnes. ™ T T
Disinfection with chlormat-
ing agents can be practiced within
limits but is not generally recom-

‘mended. The FT30 membrane is -

resistant to chloramine, chlora-
mine-T, N-chloroisocyanurates to
the extent that these mild agents
canh be used, but their disinfectant
properties are not very great. Pure

_chlorine dioxide can be used sUG-__ . eventually damage the membrane . - - ...

cessfully at 500 ppm concentration
if the storage period is less than

one week, butitis notan effective . |

biocide for longer periods. Chlo-
rine dioxide that is generated on
site from chlorine and sodium
chlorate is always contaminatéd
with free chiorine, which attacks

the membrane. The FT30 mem-
brane is permeable to chloramine
and to chlorine dioxide. Either of
these will pass through the mem-
brane resulting in a small residual
disinfectant in the permeate, .
“The membrane hasonly
limited resistance to free chlorine.
The rate of chlorine attack is de-
pendent on pH-and salinity levels.
Chlorine attack is most rapid at
lower salt concentrations, occur-
ring fastest in deionized water and
slowest in seawater. Chlorine at-
tack is slowest at neirtral and acidic
pH levels and fastest at alkaline pH
levels. |t is noteworthy, however,
that short-term exposure of the
membrane to chlorine does not
destroy the membrane. Thus, it ¢can

.. be used effectively in installations

where system upsets may result in

“temporary exposure of the mem-

brane to tree chlorine. :
- Alternative disinfectants -
that may be used are formalde-
nyde, hydrogen peroxide, and per-
acetic acid. Formaldehyde may be

_used after the element has been
“flushied out for at least six hours.

Thereatter, using formaldehyde at
0.5 t0 3.0 percent is feasible, but -

will result in a temporary flux Joss. -
" Atter rinsé out of formaldehyde,”

permeate flow will returntoour . .
rated value as specified in our

Cwarranty. Hydrogen peroxrde or -
peracetic acid can be used at con- -
_centrations up to 0.2 percent at

- 25°C as specified’in our warranty

but not at higher temperatires.
Continuous exposure to hydragen
peroxide at this congentration will

Copper sulfate can beused -
to control algae growth. lodine,
guaternary germicides, and phe-
nolic compounds should not be -
used as tests show that all of these
agents cause flux losses.
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Cleaning

Because of the FT30 membranes
combination of pH stability and
temperature resistance, cleaning
can be done very effectively. Both
acidic and alkaline cleaners can
be used at temperatures to 50°C.
Acid cleaning to remove mineral

- scale is best done at pH 2 with

phosphoric, hydrochloric, sulfamic
or nitric acid. Citric acid canalso .
be used. Alkaline cleaning tore-
move organic fouling is general+:
ly done with sadium hydroxide and
sodium lauryl sutfate. Various com-.
binations of agents such as sodium
EDTA, sodium tripolyphosphate,
and trisodium phosphate can also
be used.

Generally, anionic surfact-
ants can be used for alkaline clean-
ing. Cationic surfactanis cause an
irreversible flux loss and must ba
avoided. Nonionic suriactants can

sometimes be used, but they must

be used sparingly and thoroughly

" rinsed out.before the membrane
is pressurized: Do notuse any -
.chemicai which is not approved’in

writing by FilmTe¢. Commercial

“laundry detergents cannot be ap- -

proved because the specific chem-

__ical constituents are unknown.. .

" See FilmTec bulletins Cleaning

Procedures and Biological Pro-

" tection and D:srnfecnon for further

mformatlon
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FILMTEC
Fresh
Water
From the
Sea

Until recently, seawater desalination
was a difficult and costy business. But
advances made in reverse osmosis (RO)
membranes have changed that. Today,
the premier membrane in the desalina-
tion industry is FILMTEC? FT30. The
proven spiral-wound concept coupled
with the best thin-film composite mem-
brane on the market give FILMTEC
element users the highest overall cost
effectiveness and reliability.

Using FILMTEC thin-film composite
membranes will give you drinking water
of unsurpassed quality. The low fouling
potential of FILMTEC membranes and
their easy cleaning capabilities mean
low maintenance reguirements and

.a long operating life. All this plus the
extremely high salt rejection of FILMTEC
FT30 membrane make FILMTEC ele~
ments the superior choice for your
seawater RO system needs.

The graph on the reverse side shows
the performance of FILMTEC elements
at a seawater desalination plant in
Lanzarote, Canary Islands. Data from
this and other RO installations show
FILMTEC FT30 membrarnie doing the job

_itis designed for: converling seawater
to freshwater—rel:ably and efhmently

High Performance ata Reasonable
Cost. FILMTEC £T30 membrane
exhibits the best combination of per-
formance, durability and cost for sea-

e e o waterdesalination of any membrane on

the market today. FILMTEC elements
provide salt rejection as high as 89.5%
and fiuxés as high as 15 gfd when
operated at 800 to 1000 DSI on sed-
water feed.

Complete Hesisiance to Bacterial
Attack. FT30 completely resists
attack by bacteria and their metabolic
by-products. Most biological ‘fouling

cleaning chemicals to recover mem-
brane performance.

High Tolerance of pH Extremes FTBO
has an operating pH range of 2 to 11
and can be cleaned atarange of 1to
12. This membrane toughness blus the
spiral-wound configuration allow for
effective membrane cleanings and
fong membrane life.

8-43

.. _can.be cleaned away with.appropriate.. .. ..

Whether on tand or at sea,
people need fresh drinking
water.

Qutstanding Performance History of
FT30 Seawater Membrane. Years of
outstanding performance in seawater
applications around the werld have
made the FT30 membrane one of the
leading membranes in the RO industry.
From cruise ships to warships, from
resort hotels of the Mediterranean to
iarge plants producing potable water,
FT30 provides superior performance:
under even the most ngorous operatmg
condltlons .

For more mformatron about FTSO
membrane and detailed specifications,
contact FilmTec Corporation, 7200

- Ohms Lane, Minneapolis, MN 55435 --

USA. Telex 290898 FILMTEC EDNA,

. Telephone (612) 835-5475.



FitmTec Corporation
A subsidiary of The Dow Chemical Company

407 &0 BOD . MO ‘ RE W0 160, '
.o Dperating Time (DAYS) -

FILMTEC FT30 membrane
provides superior salt
rejection in seawater
applications under even
the harshest conditions..

At the Lanzarote seawater facility in
the Canary Islands, FILMTECFT30
RO elements operate in a single stage
systern to produce fresh water of less
than 325 ppm total dissolved sclids.
The chart above demonstrates the con-
sistent performance of FT30. With
proper maintenance and operation, this
rate should remain steady over the _
—- projected lite of the RO-membrang: - ~——-—— "= === - LT N

Naovember 1987
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2. 5" Seawater Reverse Osmosis Element

Specifications

Product MWinimum Salt  Average Salt
Water Flow  Flejection CI Rejection C1°

Rate GPD {m/D) {%) (%1
SW30-2514  100(0.38) '98.6 99.1
SW30-2521  200{0.76) 98.6 99.1
SW30-2540 500(1.9) 98.6 99.1

1. Pecmesate fow and salirejeciion based on the following conditions:
25000 PPM Seawaler. 800 PSI1{5.7 M Pa), 779F{25°C), pHB. and racov-

ery as ingicaled halow. 2. Fiow rates for individual elements may vary
=15%.

[ _ | |
l_ —| - D —— : MB—’-

CDIA :7 -

l U-Cup Brine Seal I Fiberglass Quter Wrap End Cap

Feed : Brine Product .
f‘%
mperatmg Conditions o
Membrane Type : Thin-Film Composite
__.Maximum Operating Pressure . . .. ..1000.PSL(6.8 M Pa) e e - . S e o N PR
Maximum Operating Temperaiure 113°F(45°C) _
. Maximnum Fead Turbidity ~ 1NTU .
Free Chlorine Tolerance - <(.1PPM
pH Range:
Continuous operauon C 21
Shart-term (30 min.), c{eanlng 1-12
Maximum Feed Flow T BGPM{(231LPM)
Maximurn Faed Silt Density Index SDI 5
Maximum Pressure Drop Across 20 PSI

40" Elemeant

~—MaximurmRecovery-tPermeste Flow-—- —

to Fead Flovr) on Seawater:. ' Dirhensions
L o _ Ratio : g'whes} B c o
- SW30:2514 0.035 : 140 1.2 0.75 2.4
SW30-2521 0.05 . 210 1.2 075 2.4
AW30-2540 G.1 40.0 1.0 0.75 2.4
"'-EP Conizc: FitmTec Corporation, Markeling Depanment. befors operating 4, Element:ofi2 502h)D. oreszaravessal

elernents ouisida these specifications.
P EC-300C
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Important Operating e FilmTec Corporation
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1, Keep elements moist at all
{imes.

2. If operating specifications given

in this Technical Builetin are not
strictly foltowed, the warranty will
be null and void.

3. Permeale obiained from first
hour of operation should be dis-
carded.

4. Elementsmustbeinusetforat
least 6 hours before formaldehyde

is used as a biocide. li the elernents
are exposed to formaldehyde be-
fore being in use for this period of
tirme a severe joss in fux may result.

5. To prevent bacterial growth
and help maintain flux, #tis recom-
mended that elements beimmersed

in a solution of 20.0 percent, by
weight, glycerine and 1.0-percent,
by weight, sodium bisulfite when-
ever the system is.not in use for a
period longer than one week.

&. The membrane shows some
resistance to short-term attack by
chlorine (hypochlorite).. Continu-
ous exposure, however, may dam-
age the membyrane and should be
avoided.

7. The customer is fully respon-
sible for the effects of unapproved
chemicals on FilmTec elements. . . ._. . e o
“Their use will void the element c B - T
warranty.
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4" Seawater Reverse Osmosis Element =
Specifications | =

Product Miniﬁmm Salt Average Sait
Water Flow  RejectlonC”  Rejection GY”

Rate GPD [m?/D] (%) %)
SW30-4014 300(1.1) 98.6 99.1
SW30-4021 600 (2.3) 98.6 99.1
SW30-4040 1500 (5.7) 98.6 991

1. Permeatg fiow and salt rejection based on’lhe following conditions:
35000 PPM Seawater, 800 PSI (5.7 M Pa), 77°F (25°C), pHB, and 13 GP#M
feed flow rate. 2. Flow rates for individual elements may vary *15%.

e
cblA
o
U-Cup Brine Seal Fiberglass Quter Wrap End Cap
Feed
3 & Operating Conditions : : _
Membrane Type . Thin-Fitm Composite’
. — - Maximum Operating Pressure - — - 1000 PSI{BBMPa) - - e e e i e e - - - -
" Maximurn Operating Temperature 110°F (45°C) :
Maximum Feed Turbidity 1NTU
Free Chlorine Tolerance < 0.1 PPM
.pHRange: ... . . :
. Continuous operation 2-11
Short-term (30 rmin.), cleaning _ i-12
Maximum Feed Flow . 16 GPM (60 L/M)
Maximum Feed Silt Density Index . SDIS
- Maximum Pressure Drop Across 20 PSI
40" Element ' .
- 'Ma)ﬁmUnTﬁeC.OVe?VFFETme'éTEVFIOW’" TS T T T e e e T otrerT T Tt T
to Feed Flow)} on Seawater: : Rimensions
) ; . . : {inches) ’
] .. Ratle ‘ A B c B
SW30-4014 0.035 ' : 14.0 - 1.1 0.75 39
SW30-4021 0.05 21.0 1.1 0.75 39
SW30-4040 0.4 : 40.0 1.0 0.75 3.9
3. Contzct FilmTec Corporzson, Marketing Deparlmeni, before operzaling 4, Element o5 4.00irch 1 D. pressure vassal '
elernents outside these specifications.
FILMTEC-3003
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Imiportant Operating
frformation

1. Keep elements moist at all
times.

2. Ifoperating specifications given
in this Technical Bulletin are not
strictly followed, the warranty will
be null and void.

3. Permeate obtained from first
hour of operation shauld be dis-
carded.

4. FElemenis mustbeinusétor at
least 6 hours before formaldehyde
is used as a biocide. K the elements
are exposed to formaldehyde be-
fore being in use for this period of
time a severe lossin flux may resuit.
5. To prevent -bacterial growlh

and help maintain flux, itis recom- .

mended thatelements be immersed

in a solution of 20.0 percent, by

weight, glycerine and 1.0 percent,
by weight, sodium bisulfite when-
ever the system is not in use for a
period longer than ong week.

8. The rmembrane shows some
resistance to short-term allack by
chlorine (hypochlorite). Continu-
ous exposure, however, may dam-
age the membrane and should be
avoided.

7. The customer is fully respon-
sible for the effects of unapproved

--chemicals-en Fiimlec- efements.-

Their use will void the elernent
warranty.
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Technical Bulletin

7200 0Ohms Lane |
Minngapolis, MN 55435 USA
Tetephone §12-835-5475
TELEX 290899 FILMTEC EDNA
TELEFAX 612-835-49956

Novembay 1985

8" Seawater Reverse Osmosis Element

Specifications

Product Minimum Salt  Awverage Salt
Watsr Flow Rejectlon CI” Rejection C1”
Rate GPD (m3/D) %) %)

SW30-8040 6000 (23) 98.6 991

1. Permeate ffow and salt rejestion based on the iollowing conditions:
35000 PPM Seawater, 900 PSHS.7 M Ba). 77°F (25°C). pH8 and recovery
as indicated below. 2. Flow rates tor individual elements may vary =15%.

Fiberglass Quter Wrap

U-Cup Brine Seal

Operating Conditions

Membrane Type Thin-Film Composile .
Maximum Operaling Pressure 1000 PSI(6.8 M Pa)
Maximum Operating Temperature 110°F (45°C)
Maximum Fesd Tarbidity ™ T ANTU TS
Free Chlorine Tolerance ' <01 PPM -
pH Range: :

Continuous opearation _ 2-11

Short-term (30 min.), cleaning 1-12
Maximim Feed Flow 54 GPM (2401/M)
Maximurm Feed Silt Density index SDis
40" Element

Maximum Recovery (Permeste Flow

Brine

Product

SRREEN Maxirmum Pressure Drop Across - 20 P e e e

o Feed F!ow) on Seawater: " Dimensions
{inches)
R Railo A B ) C
"5W30-8040 ¢ - 0.10 40.0 - 1125 7.9

3. Conlact FlImTec Corporation, Markeling Department before operaling
etemenis outside these Specifications.

4. Elementto7:8.0inch 1 D. pressure vessef.
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fmportant Operating
information

1. Keep elements moist at all
limes.
2. lfoperating specifications given
in this Technical Bulletin are not
strictly followed, the warranty will
be null and void. .
3. Permeate obtained from first
hour of operation should be dis-
carded. _
4. Elementsmustbeinuseforat
least 6 hours before formaldehyde
is used as a bigcide. i the eleiments
are exposed 1o formaldehyde be-
fore being in use for this period of
time a severe loss in flux may result.
5. To prevent bacterial growth
and help maintain flux, it is recom-
mended that elements be immersed
in a solution of 20.0 percent; by
weight, glycerine and 1.0 percent,
by weight, sodium bistiffite when-
ever the system is not in use for a
period longer than one week.
6. The membrane shows some
resistance to short-term attack by
chiorine (hypochiorite). Conliny-
aus exposure, however, may dam-
age the membrane and should be
avoided.

7. The customer is fully respon-
chémicals on FilmTec elements.
Their use will void the element
warranty.

sible for the effects of unapproved

FAEYN
W

FilmTec Corporation

7200 0hms Lane -
Minneapolis, MN 55435 USA
Telephone 612-835-5475 .
TELEX 290899 FILMTEC EDNA
TELEFAX 612-835-4596
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TFC® Reverse Osmosis
MAGNUM® Element Specifications

o/, o:’(:';/;‘ {t f‘ﬁ
‘r:'v*[ p - pAaGct e @
. . YFC -
Model No. _ 4031LP 4031MP T“,-ic,i_ -ftP  8BO31LP gy L
Nominal diameter (in) . 4 4 & 8 &
Design productivity * (gpd) 2.750 3.000 14,000 7L
Design rejection ” (%) 7.0 98.5 ' 97.0 G
Min. rejection * (%) @50 Q7.0 P Qg Q50 g7
Maximum pressure drop :
‘per element [psi) 15 16 15 i
fi-c o ?r e d P Fi {, 5?-1
: < p y hows Pres
3/:,(_ DS
s 0 ( sy
. ' ﬁ;j}‘gf’))" Mﬁ‘?/ akh
Model No. 8031 Mp 203158 2031HF
Nominal diameter (in) 8 8 '8
Deslgn productivity * (gpd) 12,500 6,200 - 9,200
Design rejection * (%) Q8.5 99.4 920
Min. rejection * (%) _ Q7.0 992 98.6
Maximum pressure drop ' :
per element (psi} 15 15 15

SetimSie — (—Zu( L E e~

*When individual elemems are tested under the following conditions:

+ 30 minutes operation prior to data collection

* Individual elemen’r produc’nwfy may vory *+ 15% from deagn
For LP and MP ELEMENTS:

* feed pHS5.7

LN 2

16% water recovery

2,000 mg/L. NaCl solution

420 ps; applied pressure for MP
225 psi applied pressure for LP

“For SS and HF ELEMENTS:
s Feed pH 5.7
e 11% water recovery . :
» 32,800 mg/L NaCl solution
¢ 800 psi applied pressure

@/ Tolde cof« déc’corf")(’
- /5’0”? /)f;-m_(“7/)—fj—‘;——___-

WHAT 73

C'JJ?.L}’ AL fhﬂ/ @/CJJ«—'--:’-?# ) o2

ol ?ﬁ'bwffvf‘f’)‘;_L FIUldS Stems

/ ry(/}c,r//,/zb/ (/ ,(-r-—J Cre &
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O Grove oo s Son Diggs, CA 3131 + Telemhanc 619-605-3840 + 1LX 180306 + Telecopiet 619-675-21/0
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TFC® Reverse Osmosis
Seawater Element Specifications

Model No. _ 1501 70008S** 702088
Nominal diameter (in) 6 22 2Ya
Design productivity* (gpd) 2,100 120 275
Design rejection”® (%) 9.3 ' 99.4 994
Min. rejection® (%) 99.0 99.2 99.2
Maximum pressure drop _
per element (psi) 10 8 10
R
gt Y’?’\e
, it
Madel No. 102158 1024HF ** 202488 2021HF
Nominal diameter (in) 4 4 .. 8 8
Design productivity * - (gpd) 4,000 1,400 4,000 6,000
Design rejection® (%) 904 99.0 Q9.4 9.0
Min. rejection® (%) . 99.2 @8.6 Q9.2 Q8.6 -
Maximum pressure drop '
per element (psi) 10 10 10 _ 10

*When individual elements are tested under the following cenditions:

s 32,800 mg/l. NaCl solution -
s 800 psi applied pressure
25°C (77°F) feed temperature

e /% recovery

* Feed pH 5.7 . ‘ : :
~« 30 minutes operdfion priof o T

data collection

« Individual elernent productivity

- may vary + .15% from design.

K ‘Speéicl order quantities only..

~ Fluid systems

YUOP

10124 Oid Grove Road ¢ San Diego. CA 92131 « Telephone 619-695-3840 « 11X 188906 « Telecopier 619-695-2176
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TFC® Spiral-Wound Reverse Osmosis Element
Seawater Model 203188 MAGNUM®

PERFORMANCE SPECIFICATION

DESIGN CHLORIDE ION REJECTION 904%

DESIGN PERMEATE PRODUCTIVITY 6200 US. gpd (23.56 m¥/d}

TEST CONDIMONS: 32,300 mg/L NaCl solution {isosrnotic to ASTM

seawater), 800 psi (56.3 kgfcm?), 11% water recovery, 256°C (77°) and pH 6.7.
Data are collected on each elemen’r after 30 minufes of operation ot

these conditions.

DRAINED WEIGHT: 58 Ib (264 kg)

SANE SEAL FILAMENT WOUND Nominal Diotheter 87

f #ANG-0265 PROTECTIVE SHELL

INTERCONNECTOR,
| PN OSSR

PERMEATE

V0. et
N 115

Nemvattenane® | CONCENTRATE

Refer io the bcck of thls shee’r for mportont opercn‘lng cmd demgn mforrncmon i
This information is intended for use as a guideline. For operation oufside these
guidelines, pleuse contact Fluid Sysfems

e - FlUIG systems

byuop

/28
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Operational and Desigh information

" productivity can be calcllated from FSD Bul]e'ﬁﬁ UUUd,'Tﬁ!ﬁiéraiUré"Eﬁécﬁf.—" -

10.

Ri!
© Elements/tube  one_ fwo three  fowr

. The design chloride ion rejection and permeaate productivity are based on

average values obiained during the final acceptance testing of the elements and
should be used when dssigning systems.

At the test condifions shown, the minimum dh_loride lon rejection is 99.2%. Individual -
element permeate productivities may vary £ 15% from the design value.

For most systems the opfimum pH is approximately 5.7 1o obtoin maximum
rejection as well as to minimize the tendency for precipitation of sparingly
soluable salts. if the operating pH is above 5.7, NGCJ rejection can be estimated
by the following equations:
NaCl Rejection = 0.994 — 0.00105 (pH - 5.7)
where pH = anticipated operating pH

Recommended design pressure — 800 psi (56.3 .kg/cmzl
Operation at any pressure helow 1000 psi (70.3 kg/cm?) is permissable pravided the
design permeate productivity per slement is not exceeded and the opercﬁron is

‘within the hydraulic limits s’roied in 5 and 11 below,

Maxirnum operating pressure — 1000 psi [70.3 kg/ cm?)

. Maximum pressure drop ber elei‘nerﬁ — 15 psi {'1.05 kg’/cmzj -

. Moxmum allowable feedwater h.rrbldlfy - 10 NTU

Experencs has shown that prolonged operation on feedwater i‘urbldmes greoier
than 0.2 NTU generally results in prohibitively frequent cleaning requirements. _
Fluid Systems strongly recommends thot pretreatment equipment be designed to
routinely attain feedwater turbidity of less than 0.2- NTU. :

. Allowable feedwater temperature range: 1 10 45°C (34 fo 113°F)

The sffects of temmperature on net opearating pressure and/or permeate

Mommum aliowable chlarine or sirnilarly ochve oxrdlzrng agents such as iodine,
bromine and ozone: Zero | . O S

Allowable operating pH range: 4 to 11
Allowable cleoning pH range: 3.5 1012

Elemen'rs may be cleaned with cohonsc or nonionic surfcc’ron’rs Anionic
suifactants should be crvotded as |rrever3|b|e fouiing May oCCul.

Maximurn recovery rate for ony presure tube in a systemn:

Moxrmum(%) M9 7 7 33 " 40 " 44

- QOperation af greater that the maximum ecovery may result.in excessive

boundary layer conditions or brine cencentrations. Please contact Fluid Systeims or
yvour disfributor for assistance.

6~54
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7 - SHEET MEMBRANE

PERFORMANCE CHARACTERISTICS : | |
PART NOMINAL’ NOMINAL MINIMUM

TYPE NUMBER FLUX (afd} REJECTION REJECTION
sS 40500 13 995 99.2
HF . 10501 20 : 99.0 086
MP 10502 25 98.5 970
1 10503 - 21 970 93.5

CA 10504 25 : 950 930

PACKAGING AND STORAGE:

{FEC® sheet membrane types $S HE, MP and LP will be rolled on a fiber core. Cellulose acetate sheet membiane
b “(type CA) will be rolled on a PVC core. Maximum roll lengths for ease of handling and packaging is 650 linear _
feet. Rolls will be plastic wiapped and suitably boxed for shipment in tri-wall cardboard containers.
" TFC® membrane types are shipped dry. Cellulose acetate membrane is shipped wetted with a residual
2% formaldehyde solution. Estimated shelf life of type CA is one month. Sheet membrone products:

{1) Should not be stared in direct sunlight.
{2) Should not be allowed to fireeze or be exposed to temperatures in excess of S0°C (122° f—] for TRC® types
and 40°C (104°F) for CA.

The ideal! sfo-czge tempetature ronge is 5 ’ro 10°C (41 To S50°F).

Note‘: Membrane performcnce characteristics are determined by fcwbncoflng a spiral-wound
elerment from the same membrane ot and testing at Fluid Systems’ standcrd conditions

SS/HF: 32800 _mg/ L NaC! solution
800 psi (56.24 kg/cm?)
7% waoter recovery
25°C (7?°F] and pH 5.7

MP/CA: 2000 mg/L NaCl solution
™ 420 psi (29.5 kgf/cm?)
o 10% water recovery
e e S 25°C (FPPH aN PRS- o s -

1P: 2,000 mg/ L NaCl solution
225 psi (15.8 kg/cm?)
10% woter recovery .
25°C(77°F) and pH 5.7

Data are collected on eoch element oﬁer a 30 minute eqwlubroﬁon pericd at the above
conditions. . . _

__Hote®: Al membrane fluxes fatd) fiste are £15%.

FEUId S) stems
byUOP

10124 Old Grove Read s Son Diego, CA 92131 « Telephone 619-695-3840 ¢ TLX 1£5506 « Telecopier 619-695-2476
655
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Operational and Design information

TFC® MEMBRANE TYPES S§S, HF, MP and LP:

'I.

Note:

Altowable feedwater femperature range: 1 to 45°C (34 to 113°F]
The effects of temperature on net operating pressure and permeate
productivity can be calculafed from FSD Bullefin, Temperature Effect.

Maximum allowable chiorine or similarly active oxidizing agents such as
iodine, bromine and ozone: 7o

Allowable operating pH range: 4 to 11
Allowable cleaning pH range: 3.5 o 12

These. m_embrane types moy be cleaned with coﬁbnic or noﬁ_iohic
surfactants. Anlonic surfactants should be avoided as irreversible fouling
may OCCur.

Sodium bisulfite or simitar reducing 'ch'emlc'ol's should not be
used as a steqilant or storage chemical without first consulting
Fluud Systerns.

CELLULOSIC MEMBRANE TYPE CA:

1.

Alfowable feedwa’reriempercr’rure ange: 1 1040°C (3— fo 104 Fj
The effects of temperature on net operating pressure and/ or permeate
productivity can be calculated from FSD Bulletin, Temperature Effect.

Maximum allowable continuous concentration of chiorine or similary active
oxidizing ogents such os todine, bromine ond ozone: 1.0 mg/L x,h!onne
residud! or equivalent. .

Allowabie operating pH range: 3 107
Allowabile cleaning pH range: 3 to 8

For most systems, a practical optimurn pH is approximaotely 5,7, At this pH,
membrane hydrolysis and the fendency of calcium carbonaté to
precipitate will be minirnized. Above pH 6 these effecis may become
significant and may reduce the effective life of the mambrane.

In some instances operation outside these pH ranges is permissible. Please
contact Fluid Systems or your distiibutor for guidance.
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CLEANING INSTRUCTIONS
FOR TFC® ELEMENTS

This sheet contains iwo:éleanihg solutions used by Fluid Systems’ Technical Services
Department. These solutions have proven successful in most cases where fouling
0CCUrs. ‘ :

i,
s
N 5

NOTE: if the cleaning procedure does not restore the system
production fo the expected capacity or expected water
quality after cleaning, please contact the Technical Services
Pepartment at Fluid Systems immediately.

Advisory: - There are a number of propriet_ary_c!eahing solutions available from
chemical companies. Some of these cleaning solutions have been used
to clean Fluid Systems' elements and have proven effective.

Before using any cleaning solution other than those I‘iste‘d, contact
‘Fluid Systems.

-+ ~~{Continued on Reverse Side) i

" Fluid systems

°YUOP

10054 Old Grove Road = Son Diego, CA 92131 + Telephone 619-695-3840 + TLX 188906 + Telecopier 619-695-2176
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Cleaning Instructions for TFC® Elements:
Cleaning Solution for 1 Cubic Meter of Water (264.2 Gallons)

NOTE: The water used to prepare either so!ution'must be free of residual chlorine or other oxidizing
agents. For first stage seawatgr applications, RO permeate is preferred, but for brackish water

applications, treated feedwater can be used.

SOLUTION Y

NOTE: Cleaning solution Y moy cause a temporary increase in membrane salt passage and/or water flux
beyond specifications. This condition should lost no tonger thon 24 hours. :

This solution is used to remove acid soluble substances such os metal hydroxides and calcium carbonate. It
should also generally be usad before using SOLUTION Z.

CHEIC ACID « o o e e et e e e e 10 kg {22 pounds}

Adjust pH o 3.5 with NH,OH (orﬁmonium hydroxide) after mixing.

SOLUTION Z (CAUTION — Solution Z must NOT be used on ROGA® elements {cellulose acetate membrang).)
This solution is used to remove organic substances and microblological slimes not acid sotuble.

BOMAX . . .o oerenenn, TR T 10 kg (22.1 pounds)

Sodium Salf of EDTA (Ethylenediominetetracetic Acid)
; = . 10kg (22.1 pounds) |

B POWEET .. e e e e el
A5 30% Solulion . .0 o e .. 25.6 kg (56.5 pounds)

Trisodium Phosphate (JSP). . ... .. ... o e 10 kg (22.1 pounds)

The pH of this solution does not have fo be odjusted for TFC® elemenis.

Both cleaning solutions maybe used af a femperaiure range from ambient up fo40°C (104°F) for 45 minutes
ond a} the recommended flow rate as indicated below. The system pressure shotid be the minimum required
to achieve specified flow but in no cose should ihe pressure drop ocross ony vessel exceéed 60 psig. . ..

Formaldehyde may be added to either cleaning solution fo aid in disinfection or remaoving bio!ogicot growihs.
Formaldehyde is available as a 37% solulion (0.4 kg per liter —3.33 pounds per goilon). may be usedasa
0.5 to 1% solution. A0.5% solution centains 13.5 liters of 37% formaldehyde per cubic meter of water (3.6

gollons per 264.2 gallons).

“MAXIMUM CLEANING FEED FLOW RATES

S R R RS 0.7 md/hr/tube (3 gpm)
T R R R 2.3 m¥/hr/tube (10 gpm).-

B e 4.6 m*/hi/tube (20 gpm) -

8 . .. P e 9.1 m*/hr/tube (40 gpm) .. . -

Pressure iubes are to be cleaned only in porollel. Where a series array of prassure tubes is used for high_ér
recoveries, each array shall be cleaned separately. ] :



S

CLEANING INSTRUCTIONS
FOR ROGA® ELEMENTS

This sheet confains two_cleaning solutions used by Fluid Systems’ Technicat Services
Depariment. These solutions have proven successful in most cases where foulmg
OCCUTS.

NOTE: If the clemnlng procedure does not restore the system
production fo the expected capacity or expected water
guality affer cleaning, please cantact the Technical Services
Department at Fluid Systems immediately.

Advisory: ‘There are a number of proprietary cleaning solutions available from
chemical companies. Some of these cleaning solutions have been used
1o clean Fluid Systems' elements and have proven effective.

Before using any cleamng solution other than those ilsted contact
Fluid Systems.

{Conlirwed on Reverse Side)

S - Fluid systems -
. | o . - byw

: 10054 Old Grove Roud * Son Dlego CA 92131 + Telephone 619-695-3840 * TLX 188906 . ?elecopler 619-695-2176
6-98 9
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Cleaning Instructions for ROGA® Elements:
Cleaning Solution for 1 Cubic Meter o'fWut;e'r_ (264.2 Gailons)

NOTE: The water used to prepare either solution must be treated feedwater o R.O. permeate.

SOLUTION A -
This solution is used to remove acid soluable substances such as metal hydroxides (iron) and

calcium carbonate.

1. Citric Acid ... ... 20 kg (44 pounds) or Phosphoric Acid 75% .. .. .. 55 liters (14.7 gailons)
2 Triton X-100 . .. .o R EEEE .1 liter
3. Adjust pH to 2.5 with NH,OH (ammonium hydroxide) after mixing chemicals. - -
SOLUTION B _
Used where the fouling material is organic in nature. _
1. Trisodium Phosphate (TSP). ........ J P uie........20 kg (44 pounds)
2. Sodium EDTA (Sodium Salt of Ethylenediaminetetra Acetic Acid)
B POWOBE L .ttt e e 8 kg (17.5 pounds)

3900 SOIULION. . ottt et e e e L 20 kg (44 pounds)

3 Triton X100 .. ... e S PO 1 liter
4. Adjust pH with H,50, (sulfuric acid) or HCi (hydrocholoric acid) as follows after mixing chemicals

with product water:
HR Elements should be cleaned at a pHof 7.0.
SD, S, and LP Elements should be cleaned at a pH of 8.0.

Sedium Tripolyphosphate (STPP) may be substituted in part or entirely for the TSP.

8oth cleaning solutions may be usedata 1empera'iure ronge'irom ambient upto 40"0 (104°F) for 45 minutes
and at the recommended flow rate as indicated below. The system pressure should be the minimum required
to achieve specified flow but in no case should pressure drop across any pressure tube exceed 60 psig.

Soaking elements in cleaning solutions under static conditions is sometimes useful for improving cleaning
_tesulfs when severe fouling hus occured. SOAK THVE OF LONGER THAN 24 HOURS IS NOT RECOMMENDED.

Formaldehyde may be added to either cleaning solution toagidin dfsinfe'cfion or removing biologicol growihs.
Formaldehyde is availabie as a 3 /% solution (0.4 kg per liter -~ 3.33 pounds per gallon). It may be usedasa
0.5 to, 1% solution. A0.5% solution contains 1 3.5 liters of 37% formaldehyde per cubic meter of water (3.6

golions per 264.2 gallons).
MAXIMUM CLEANING FEED FLOW RATE

ROGA® Element Model : o _
YOV T ST T T T T T T T T T 7. 1.8 mifheflobe(8 ;g‘q'lrr_l:)"ﬁ _

4160,4221,423) ... ...... PP ... 2.3 m¥/hr/tube (10 gpm)
8150, 221, B231 ..o e ... 9.1 n/hr/tube (40 gpm)

Pressure fubes are fo be cleaned only in-parallel. Where o series array of ﬁressu.re tubes is used for higher
recoveries, each array shall be cleaned separately.
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Tempemiure Effect

ROGA® and TEC® Spiral Wound Reverse Osmosis
Elements

To estimate the effelcf of temperature alone [constant net pressure*) on the
permeate flow rate of an element or group of elements, the following equation

may be used:

s
Ch

where:  Teo. = Temperature Correction Factor
Qzs = the permeate flow rate at 25°C (77°F)
My Qr = the permeofe flow rate at temperature T
Seh e = 2.71828. _

1 1)
x=Uf —— - —
T+273 298
T = The 1emperofure in degrees CeISIus eC)
U = a constant which depends on the element being used

For ROGA® Models 410‘1 44608, 4160HR, 84505 dnd
8150HR: U = 2158

Tewr. = = eX

7

i
s

For ROGA® Models 4221SD 4224HR,
42315D MAGNUM, 4231HR MAGNUM, 82218D, 8?2'1HR
82343D MAGNUM, 8231HR MAGNUM: U = 2732

For all TFC® Medels: U = 3470

To eshmcfe Qus, the permeoie flow rate cn‘ 25°C (77°F), muthply Qr the cbserv-
ed permeate flow raie, Dy Teo
P! . Toestimate the net pressure* at 1emper01ure TC required to obtain the same. .
L ' permedte flow rqfe that would be obtained at 25°C, multiply the net pressure™
R o VA P . © s e e e
S To estimate &, fhe permea’re ﬂow rate oa‘ T°C dlvrde s, fhe permeote ﬂ ow
rate at 26°C, by Tew.
" For your convenience, @ tabulation of Teor volues for dn‘ferenf element typesat . _
various temperatures is provided on the back of this sheet.

o
s (\5"

* Net pressure Is defined us the pressuie remalning after the dlffeien!lcl osmolic pressure,
permeate pressure and any brine channel cmd manlfclding losses have been subtracted from

__the opplled pressure.

BT FIU|d systems

10124 Otd Grove Road » Son Diego, CA 92131 « Telephane 619-495-3640 « TLX 188906 « Telecoplaréw-é_‘?ﬁ-ﬁ 76
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Values of T... for ROGA® and TFC® Eiements

ROGA® Models ROGA® Models ROGA? Models
Temperature 4401, 41608, 84508, 8 150HR 4224SD&HR, 8224SD&HR All TFC®
0C oF A160HR (including MAGNUMS) Madels
i 33.8 1.886 ' 4.886 2.232 2773
2 35.6 4,832 4.832 2.453 2.648
3 37.4 4.784 1,784 2.077 2.530
4 39.2 1.732 1,732 2.004 2.448
5 41 1.684 1.684 4.934 2.314
6 42.8 4.637 1.637 1,867 2.240
7 4.6 1.593 4.593 1.803 2.414
8 A46.4 1.550 1.550 1744 2.023
Q 482 1.508 1.508 1.682 1.934
40 50 1.448 1.468 1.626 1.854
14 54.8 4.429 1.429 1.5714 1.775
12 53.6 1,394 1.394 1.520 1.704
13 55.4 4,385 4355 1,470 1.630
14 57.2 4.320 1.320 1,424 1.563
15 59 1286 1.286 1.375 1.498
16 60.8 4,253 4,253 4.330 4.437 -
17 62.6 1.224 4.224 1.288 1.379
18 44.4 1,490 4.190 4.247 1.323
19 66.2 1.460 1.160 4.207 1.270
20 68 1.132 " 1,132 1,470 1.220
24 69.8 4.404 4.404 1.133 1.472
22 74.6 1076 4.076 - 4.098 1.426
23 73.4 . £.050 4.050 4.064 1.082
24 75.2 4.025 4.025 . . 1.034 1.040
25 77 1.000 1.000 1.000 1.000
26 78.8 0.976 0976 - 0.970 | 0.962
27 80.6 0.953 0.953 0941 C0.925
28 82.4 0.930 0.930 0.913 0.850
29 84.2 0.909 0.909 0.886 0.857
30 B6 . 0.887 0.887 0.860 0.825
31 87.8 N/A 0.867 0.835 0.795
32, . 896 ... NA ... 0847 _ . __.___ 0810 D.765
33 94.4 N/A ' 0.828 0.787 T T 0738
34 93.2 N/A 0.809 0.764 0.744
35 95 N/IA 0.790 . 0.743 - - 0.685
34 96.8 - - NIA-- - 0773 0.722 0.664
37 98.6 N/A 0.756 0.701 0.637
38 100.4 N/A 0.739 0.682 0.645
39 102.2 N/A 0.723 0.663 0.593
40 104 N/A 0.707 1 0.645 0.572
44 105.8 N/A N/A N/A 0.552
42 107.6 NIA NIA . NIA : . 0.533
43 T 409.4 YA N e e A . 0545 -
44 1442 N/A NA o N/A : 0.498
45 143 _ N/A . NIA N/A 0.484
46 7 A48 0 C NIA o st NI e e NIA - 0.465
47 - 1166 N/A N/A~ N/A 0.449
48 4484 NIA NIA N/A 0.434-
49 . 4202 N/A NIA NIA 0.420
50 122 NIA N/A N/A 0.406

10124 Oid Grove Road * San Diego, CA 92131 ¢ Telephone 619-695-3840 ‘e TX 188906 * Telecopiér §19-695-2176
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Du Pont Company/ Polymer Products Dept. / Permasep Products / Wllmmgton DE 19898

BULLETIN 401
THE B-10 “PERMASEP” PERMEATOR
TABLE OF CONTENTS -~ -~ -

A. Introduction .
8. Permeator Characteristics ......... ...l t, e 1
_ . Pemmeator Operalion. ... et iies 1
D. Membrane Life

A. INTRODUCTION

The Du Pontl B-10 “Peimasep” permealor was comrmer-
cialized in 1974, It was designed to desalt seawater and
highly brackish water. The B-10 was the first reverse
osmosis {RO) permeator capable of producing pola\blf3
water from typical seawater {35,000 mg/t TDS) in a single
pass.

By the end of 1981, over 500 seawater RO plants using
“"Permasep” B-10 permeators were either operational or
under construction. These plants fepresent a capacity
close 1o 50,000 m*d (13 million U.S. GPD). -

B.. PERMEATOH CHARACTERISTICS

Each B-10 permealor is rated for performance under the
following “standard’ test conditions:

30,000 ppm NaCl
5,520 kPa {800 psig)
s Feed lemperature 25 degress C

» Conversion 30 percent

Four-inch diameter permeators are produced in wo
standard sizes with initial nominal flows of 0.95 m*d
(250 GPD) and 6.0 m¥d (1,600 GPD). Elght-mch diameter
permeator models nominally produce 23.8. S
(6,300 GPD). All B-10 permeators teject al least 98.5
percent of all dissolved salts at standard conditions. Qther
product specmcatlons are given in the product bullelms
included in this section.

Like ithe B-9 permeamrs Du Pon! S B 10.° Permasep
permeators use hollow fine fiber membrane made. from
“aramid" polymer.. Though only-about as thick as a human
hair, the fibers.are engineerad to. withstand:the high exter-

nal pressures requtred for seawater desalting, The fiber is
called “asymsmelric” because it has a very.dense’skin on
the outside, supported by-a porous structure of the.same
chemical composition. Aramid fibers are chemically stabla,
can tolerate a broad range of pH conditlons, and are . .
impervious 10 biological attack.

- Primarily used for seawater desaltlng ‘applicalions, B-10

"Pgrmasep” permeators are also used for desalting hlgher
TS brackish waters. Brackish water is often described as
having lotal dissolved solids (TDS) jess than 10,000 mg/(.
Above 10,000 mgf/{, water is categorized as either high-

» Feed so[u_tibn

brackish water or se’awa_ler. The specific composition of
high-brackish water ¢an vary widely, However, the jon
ratios of seawater are generally consistent, although the
safinity (705} will vary. '

The high osmotic pressure of very brackish water and
seawaler requires a much higher driving force {or reverse
osmosis permeators. Operaling pressures of 5,520 to
5,900 kPa (800 to 1,000 psig) are now lypical for efiicient
seawater reverse osmosis permeators such as the B-10
"Permasep” permeator. Nominal seawater TDS level is

T guoted at 35,000 mg/E with ion’ ratios similar to thosé’in

Table I. Actually, seawater can have TDS levels far below

TABLE |
SEAWATER TDS LEVELS
Concentration-— Percent
ton mgf/¢ {ppm} of Total Sait

cr 18,980 55.04
Br~ 65 0.19
SO; 2,649 7.68
HCO3 : 140 041
F 1 0.00
H,BO, : 25 0.07
Mg** 1,272 3.69
Ca*t 400 1.16
Sr++ 13 0.04
K* 380 1.10
Na** 10,556 30.61

34,482 95.99

Total

and far above 35.000 mg/¢. For this discussion, we shall
define seawaler as being water with a TD5 above
25,000 mg/ but also. having-ion ratios as indicated in
Table T { I (In the Arzbian Gulf, the TDS may-exceed
50,000 mgl{’)

The B-10° Perr“asep permeator is paricularly well
suited to operate as part of a desalination system for high
TDS feedwaters. Metal components are not in contact with
~waler, minimizing-corrosion problems. There are no moy-
ing parts withinl the permeator that can fail. Bince RO-is.
an ambiant tempsrature process, salely problems and
mechanical stress ori the system are Iéss than tor high
temperalure opeiztions such as distillation. Desalting with
RO does not require the energy-intensive phase changes
of distillation, reduc':ing the cost of operating RO systems.

- C. PERMEATOR OPERATION

The general construction and flow patiern m aB: 10
“Permasep” permaator resembles’a sheli and tube heat
exchanger. Figures 1 and 2 illustrate B-10 pnrmnator
construciion. Miliicns of hollow fibers are orisnted in paral-
lel and fixed in epoxy at'both ends. This gives the bundle
mechanical stabilty. The fibers at one end of the bundle '

Copyrlght € E. |, du Pont de. Ne'nours & Co. *
Nol to be reproduced.

i

Bulistin

Pacs !

Data - 12/082
W - ——



Bullstin 401 Page 2 Date. _ 12/1/82
Figure 1. The B-10 Permeator
Segmented O-ing  Epoxy : o _ Fiow . -Fiber 'Olring Support
Ring ~ Seals Nub - Shell © . :Screen Bundie - Seal ° Screen
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Figure 2. MlNlustration of Hbll_ow Fiber RO Process
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Figure 3. lllustration at Tube Sheet Faces are precisely cut so that product waler can be discharged

from the bore of the fibers, This is called the tube sheet”
Niembrans end of the bundle. Figure 3 is an illustration of the surface -
~ Fiber Wall of the tube sheet showing the open libers fixed In epoxy.
Under pressure, feedwater is fed into a central distribu-
tor tube where it is forced out radially through the bundie
of fibers. As pressurized feedwater contacls the outside of
the fibers, permeate is forced 1o the center of gach hollow
Hollow fiber, The permeale moves along the hollow bore 1o the
. Fiber Bore face ‘of the tube sheet and out of the permeator. The brine
is forced to the other end of the bundle and out of the -
permeator. O-ring seals prevent mixing of the feed, brine
and- producl. ’ T e
The operating pressure needed in a seawater reverse
= Epoxy osmosis system is determined by the feedwater. TDS
level. As a rough approximation, each 1,000 mg/{ of totai
dissolved solids in seawater contributes about 69 kPa-

. (10 psig) of esmotic pressure. Theréfore; the-osmolic
pressure of a 35,000 mg/¢ seawatet is about 2,400 kPa .
(350 psig). The osmotic pressure inside the permeator
increases rapidly as permeation occurs and the brine
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becomes congentrated. A conversion of 50 percent will

double the concentration of the brinie, resulting in an aver-
age osmotic pressure in the feed/bring mixlure that is 1.5
times greater than that in the feed. With nominal seawater

at.35,000 mg/f TDS and 50 percent conversion, the aver-

age osmotic pressure in the brine would be about 3,600
kPa (525 psig). Therefore, a B-10 seawater device must
operate at-much higher pressurg than a brackish water
permeator 1o be effactive. The typical pressures required
for seawater RO syslems range from 5,520 kPa

{800 psig) to 6,900 kPa {1,000 p51g) allowing conversions

“from 15 to 40 percent. For comparison, RO for a 2,000

mg/¢ brackish water requires an operating pressure of
only 2,760 ki*a (400 psig) and permlts conversion up to.
90 percent.

The major design chfferences hetween the Permasep®
B-10 permealor and the B-9 brackish water permeator
are;

+ The permeator shell wall and other external hardware
are thicker and stronger.

3 Data 12182

Bultetin_____ 401 Page

« The wall thickness of the hollow fiber aramid membrane
is increased to withstand the higher hydraulic pressures
used 1o overcome ltie high osmotic pressure-of seawa-
ter (i.e., 95u ouiside diameter and 42 inside diameier),

¢ The fiber microstructure is madified to reject a higher
percentage of salls in the more concentrated feedwater.

D. MEMBRANE LIFE

With over 500 planls operating around the world, B-10
"Permasep” permeators have been exposed lo a variely
of feedwaters and operating condilions. Although il is
:mpossmle to determine the permeator performance his-
tory in every case, data from land-based plants demon-
sirate that the B-10 "Permasep™ permeator will have an
average lite greater than five years. Table i shows the
experience at some of the glder and larger 8-10
"Permasep” permeator installations.

TABLE 1!
PERMEATOR LIFE
"PERMASEP" PERMEATOR RO SYSTEMS

Size
m>/day " Feed Start-up  Permeators®  Replacements™
. System (GPD X 1,000} 108 Date instalied No. ofYear
 Florlda Keys 11,350 38,000  Dec.’B0 525 6 1
Filorida, USA (3,000) o .
CADAFE | 3,785 38,000 Apr. '80 250 15 3
Venezuela {1,000} . o
United Building 2,271 10,500  Jan. 77 198 66 11
Factories (600)
Bahrain _
Ras Al Khaimah 568 42,000  Dec.’77 50 2 1
UAE {150)
'&inc‘n B-10 permeatars, except for United Building Factories, which uses 4-inch B-10 permeators.
**Bulletin 405 discusses membrane replagement cost in greater detail. ;
CAUTION: Follow manulaclurers” recoer 'ﬁendatrons on Conizners of in pr :duci bulleling for the sa’-" te-z'rg of alf chemicals and clcanmg ageris sad

with “Permasep” permeaiors:

Du Pont o others cavering any malznia! or use.

The information contained hereinis ucS.,d upen techmcal d.: a'and tesis wich we beliave to be reliab’s -2 s ntended for use by
sKill, 2l heir dis¢retion and sisk. $inca cenditions of use are cusice Du PEri’s conliol, wa Gan agsyme ©
through the application of the data presented. This i informaten is nctinisndad as alicense lo operata vtz

n2rsons havi
o ~zTihiy far results gbizrad or dames
- of a recommendaien o infringe. a7y

“Reg. U.S. Pat. & Tm. Off. for Du Pont's Permeators.
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