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FILMTEC Membranes
System Design: Introduction

An entire reverse osmosis (RO)/nanofiltration (NF) water treatment system consists of the
pretreatment section, the membrane element section, and the post-treatment section.
Pretreatment techniques are discussed in Water Chemistry and Pretreatment (Section 2).
Post-treatment is employed to achieve the required product quality. In seawater
desalination, this is usually pH adjustment, rehardening and disinfection. In ultrapure water
(UPW) production, the permeate is usually post-treated by polishing ion exchange
demineralization.

In this section, the membrane system is addressed. The system includes a set of membrane
elements, housed in pressure vessels that are arranged in a certain manner. A high-
pressure pump is used to feed the pressure vessels. Instrumentation, spare parts and tools
for services are added as required. A clean-in-place (CIP) system facilitates cleaning of the
membranes. This is described in Cleaning and Sanitization (Section 6).

The membrane system is a complete plant with an inlet for feed water and outlets for
permeate and concentrate. RO/NF system performance is typically characterized by two
parameters, permeate (or product) flow and permeate quality. These parameters should
always be referenced to a given feed water analysis, feed pressure and recovery. The goal
of the designer of an RO/NF system for a certain required permeate flow is to minimize feed
pressure and membrane costs while maximizing permeate quality and recovery.

The optimum design depends on the relative importance of these aspects. The recovery of
brackish water systems is limited by the solubility of sparingly soluble salts (see Scaling
Calculations, Section 2.4) -- 90% is about the maximum. In seawater desalination, the limit
of about 50% recovery is dictated by the osmotic pressure of the concentrate stream, which
approaches the physical pressure limit of the FILMTEC™ seawater element.

Obtaining the requested salt rejection is mainly a matter of membrane selection. The NF
(NF270 > NF200 > NF90), brackish water (BW) (extra low energy (XLE) > BW30LE >
BW30), SW (seawater), and SWHR (seawater high rejection) versions of the FILMTEC NF
and RO membrane have higher salt rejections in this order, but they also need higher feed
pressures under the same conditions. Therefore, the NF to BW30LE membrane is typically
applied to feed waters up to 2,000 mg/L total dissolved solids (TDS), BW30 up to 10,000
mg/l, and SW and SWHR to high salinity feed waters up to 50,000 mg/L. For given
operating conditions, the permeate quality can be calculated.

The feed pressure needed to produce the required permeate flow for a given membrane
depends on the designed permeate flux (permeate flow rate per unit membrane area). The
higher the permeate flow per unit of active membrane area, the higher the feed pressure. In
seawater systems the permeate flux is relatively low even at maximum allowed pressure.
However, the permeate flux could be very high in brackish water systems without reaching
the limit of 600 psi (41 bar) for brackish water elements. Although it is tempting to increase
the permeate flux to minimize the costs for membrane elements, the flux has to be limited to
minimize fouling.
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From experience, the flux limit to be used in system design depends on the fouling tendency
of the feed water. A system designed with high permeate flux rates is likely to experience
higher fouling rates and more frequent chemical cleaning. Only experience can set the limits
on permeate flux for different types of waters. When designing a membrane system for a
specific feed water, it is advantageous to know the performance of other membrane
systems operating on the same water. However, quite often there are no other membrane
systems for comparison. Then the system design suggestions in Design Guidelines for 8-
inch (Section 3.9.1) and Midsize FILMTEC elements (Section 3.9.2) could be followed.

Further information required to design a system is best collected by using the forms of Table
3.1 and Table 3.2 below. The more complete this information, the better the system design
can be optimized towards the customer’s needs.
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Table 3.1 System design information

Date Submitted: .................. Requested BY: .........ccoevuiveeeeennn.

CUSIOMEITOEM: ...

Annual Water Temperature Range [ 170 | ORI
LOW . ittt e nna it e e ananenrne
DESIGN OC: it
NF/RO Plant: OlIndoors O Outdoors
Designed for Continuous Use: OYes ONo
If not, state needed peak hourly capacity:......................
Plant Will Be Operated By: Enduser OYes ONo
Trained Personnel OVYes ONo

Equipment Manufacturer OYes  ONo

Others OVYes ONo
Water Source: O Well Water O Softened water

O Surface Water OFiltered Effluent Water

O Sea Water O Other
Existing Pretreatment OYes OINO  SDliiiiiciie e
LiSt Of PretrEatMENt STEPS: ... e eeiieeiiieit ettt ettt e e e e e et et e e e e e s bbb et e e e e e e e aabb et e e e aabbbb e e e e e e e aannnbnreeeeeeas
PlaNNEA Pretr ANt ...
Bacterial Control: OVYes ONo Dechlorination: JAc-Filter
Chlorine Used OVYes ONo O Na-Bisulfite
Chloramines Used: OYes ONo O Other
Antiscalant Used: OYes ONo WHhICh ONE2...eeiiiiiiiiccececcccce e

Desired Acidification: OHCI OH,SO, [ONone

Application: O Potable Water

O Industrial Supply for: O Boiler Feed OPharma O Electronics O Other
Specify Water Quality Needed after RO TreatmMeNt: .........ocuuviiiiieee ittt e e e e e e e e s staraa e e e e s snnaaees
State Other Desired DeSIgN CrtEIIA ... . .. ettt e e e et e e e e e e s bbb e e e e e e sbbbbeeeaeeeeaannebeeeas
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Table 3.2 Water analysis for reverse osmosis/hanofiltration

SF=Tag o] (T [T o 1] {Tor=Vi{e] o LU PT ST PPPPPPPPTN
Feed source: ........ccoocvveennen.

Temperature (°C): ...evveeeviniiiieieneenne

Feed water analysis: NH™ e, CO2 e,
Please indicate units (mg/L as ion K'Y, (o0
or ppm as CaCOj3 or meg/L) Na“™ e, HCOs; i,

MO® s NOs™ e,

Ca”™ e, CI e,

Ba® e, F

s S0~

Fe®* PO

S (1) J ST,

M2 e, SiO; (colloidal) ......coveee...

Boron .................. SiO; (soluble)  ...eeviiiie.

LIS Lo 1o 1A I 0 ) S S EP S OPPPRPR

Silt density index (SDI): .........
(2 To (T g E= W (o011 10 1 APPSR
[ CSTo N ol (] 1 = PSR SPPR

LR =] 0 F= T4 GO PPUPPPPRRRNE

(oo o] <140 1=1| Moo (o] g o1 o] (oo [ or= LI Tex 11V, 1 YA <] (o3 PP UPPOUPRURPRN

Page 4 of 5 * Trademark of The Dow Chemical Company Form No. 609-02046-1004




FILMTEC Membranes

For more information about FILMTEC
membranes, call the Dow Liquid
Separations business:

North America: 1-800-447-4369
Latin America: (+55) 11-5188-9222

Europe: (+32) 3-450-2240
Pacific (ex. China): +800-7776-7776
China: +10-800-600-0015

http:/mww.filmtec.com
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Notice: The use of this product in and of itself does not necessarily guarantee the removal of cysts and pathogens from water.
Effective cyst and pathogen reduction is dependent on the complete system design and on the operation and maintenance of
the system.

Notice: No freedom from any patent owned by Seller or others is to be inferred. Because use conditions and applicable laws
may differ from one location to another and may change with time, Customer is responsible for determining whether products
and the information in this document are appropriate for Customer’s use and for ensuring that Customer’s workplace and
disposal practices are in compliance with applicable laws and other governmental enactments. Seller assumes no obligation or
liability for the information in this document. NO WARRANTIES ARE GIVEN; ALL IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY EXCLUDED.
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