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SDI: The Silt Density Index (SDI) can serve as a useful indication of the quantity
of particulate matter in water and correlates with the fouling tendency of RO/NF
systems. The SDI 1s calculated from the rate of plugging of a 0.45 um membrane
filter when water 1s passed through at a constant applied gauge pressure. The
method 1s described below. For more details refer to ASTM D4189 /22/.
SDI 1s sometimes referred to as the Fouling Index (FI)
bl 3 fouling dasi sy slall 3 Claruall LS (o jiay j50 580 (SDI) (eall 286S Hi50
puly ULl SDT JUiy | 005800 0.45 L 5ilé (o Jrem 53 Ja2e (50 SDI sl a5, RO/ NF
(FI) Fouling Index Flui¥! )dise

MFI: The Modified Fouling Index (MFI) 1s proportional to the concentration of
suspended matter and 1s a more accurate index than the SDI for predicting the
tendency of water to foul RO/NF membranes. The method is the same as for the
SDI except that the volume 1s recorded every 30 seconds over a 15 minute
filtration period. The MFT 1s obtained graphically as the slope of the straight part
of the curve when t/V 1s plotted against V (t 1s the time in seconds to collect a
volume of V 1n liters). For more details refer to Schippers et al. /23/.
A MFI value of <1 corresponds to a SDI value of about <3 and can be considered
as sufficiently low to control colloidal and particulate fouling.
More recently, UF membranes have been used for MFI measurements. This
index 1s called MFI-UF 1in contrast to the MF10.45 where a 0.45 um membrane
filter 1s used /24/.
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Sulfuric acid (H,SO,) is commonl

y used for pH control because of its
relatively low cost, and becauseitislessa

» sulfuric acid injectio
quality of the RO permeate water.
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With some water sources, the additional

a¢id injection can increase the potential fo

barium, and strontium sulfate all have limited solubilities, which are usually

better at low pH; therefore, acid injection is beneficial at reducing the potential

for scale formation, but not necessarily if sulfuric acid is used,
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One approach to avoid membrane fouling is to prevent oxidation and precipitation of iron and
manganese by keeping the water in the reduced state. The exposure of the water to air or to
any oxidizing agent (e.g., chlorine) through the whole RO process must be prevented. A low
pH is favorable to retarding Fe2 oxidation. At pH <6 and oxygen <0.5 mg/L. the maximum
permissible Fe?* concentration is 4 mg/L.
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One approach to avoid membrane fouling is to prevent oxidation and precipitation of iron and manganese by keeping the
water in the reduced state. The exposure of the water to air or to any oxidizing agent (e.g., chlorine) through the whole RO
process must be prevented. A low pH is favorable to retarding Fe2- oxidation. At pH <6 and oxygen <0.5 mg/L, the maximum
permissible Fe* concentration is 4 mg/L.
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Iron and manganese are found in water either in a reduced state, which tends
1o be soluble, or in an oxidized state, which tends to be insoluble. Iron is usually
the most prevalent of the two metals in naturally occurring water sources. Its
divalent ferrous state (Fe') is soluble. If it is oxidized to its ferric state (Fe"),
it is insoluble and can foul an RO system.

The iron concentration can be substantial in a well water, particularly if its
pump is starting to rust. Pretreatment equipment can be a source of iron if black
iton or carbon steel has been used for piping, tanks, or tank internals. This
‘problem will be compounded if acid is injected upstream of the equipment.

I the iron or manganese concentration is greater than 0.05 mg/L in an RO

feedwater, a means for its removal should be considered. If the iron or

‘manganese is in the reduced (soluble) state, it may not cause any fouling

problem with the RO system. If
any air gets into the system or if
any oxidizing agentis introduced,
however, the iron or mangancsce
willoxidize intoan insoluble state.
It will then tend to foul the mem-
brane clements. It can also cata-
lvze the oxidative effects of re-
sidual oxidizing agenis. possibly
enabling the agent to attack and
degrade the RO membrane. (See
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YWhat is Sorbent?

* Itcanbe used with lightand heavy oil.

B ¢ i) C5 1 P PRI

* Adsorbs oil up to 20 times its weight.

W) s 20 e SE) Y a5

an be used more than one time,
Bon o S (il Lcdl e o
twhich allows easy Handling,
i Sl Dt Sy e i
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Condition for using Sorbent

10 be used in sheltered waters, near jettic

Tobe used in locations where current i

do be used with small spills
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2 0ily emulsions 9 Proteins

Contaminant removal by RO membranes.

Luali¥l g Giardia Laubadl dhe) 095 60 — 1 (s Le L 9 (Al 193959 l) S o Lia) s
1485 450 Y1 Aallaral) ana (he gl it 3B (W) g el B 8 oIS il B ol S Laa Wy i g LS of gl
o2 hally La Jaa aly (liits!) sda 308 aplaiiad s 4883 1400 () Jaay 28 (D) (a ) (o sISY Lgia glial
O J oY) ¢ 5l b Ldaliiuly i3 7 1k as 3By . Pathogens <hisSaal) (m %99.99 cuilay ialisl) 4uis|

8

e wa

laie ) LiiCa) ¥ (il ..., adally W jaa pudlidl) 4pde ] adaio 44kl sluall il gSa (ha (19 sS3a da) 611 (368 La
JSLe Gaan e ) o o Fouling (geid sl L) dugan 5 <l gSal) a3 aS) 5 conesd Al13 ¥ 121 o
s Ll saa 1B il gSall odb (e aldill Lay Al (e A0 5N Apdlaalf cudls 1A, LBaY W Sk § ys
Al )

ioa e Ul ae (bl puaigal

o) sLdad) dralica ana 23a% ALl Lgdl |, aSal) ialiil) pLES dpalice 483 (g0 230 i) gally 3 ) g 038 9
daliws paa ) CaCO3 i g2 S o gaaallSl) aaa ) ) 73l ana ) o gl aaa ) LSl asa
s il ) Y A8k dpalisa aaa ) Nano-filteration ¢ sild gilil) 48,

42



%

‘ G“-P' A il Eilalie dllai mlcron Yo,. q.ll

BACI'ERIA

PORBOOOOIM!CRON

VIRUSES
0.02 to 0.4 Microns

TRAFILTRATION
.01 MICRON

et ga Cpal udigal) Cuial

Asie) 5 BRI A% (ragdagad JO4 o et ¢ sraal) claluca (§ 345 | 1<, Sl ui.ui\c&\j\u&uﬁ
<ilsall Desalination engineering planning and design ¢l s 8 =l 40 paY) aal jall 2af cpag
gealiil) 4dd | Adaw gy A) 3l il gSall 45 gial) coudilly GalAl) Jgaall 138 4aa 5 &5 Nikolay Voutchkov

2130 4 i) Al
(Sl paliilly
(% Removed)

sokl) oS0 pa ) L, sl

Ayl olpa b il ginal)

% 50 -5

Slasaall 3 VOCS 8 daiall 4 guaall 3 gall g Organics 4 gl 3 gall
Pesticides 4z dall

%98 — 95

TOC (AS) s guaadl (93,81

% 99.99 <

Pathogens 4z Ssal ashl

% 99.5-90

TDS 4l 41l #3ay)

%97 - 95

%97 - 95

MQp spusizal)

%97 - 95

(HCO3) <l g3 Sl

%95 - 92

K gl 9!

% 95 - 94

NO3 < il

% 95 -94

Radiological 4adal) 3 gal)

43



(LS ) daaa L_JAJ.'\.@.AS\
AR ety el gl il jariga £ 58 GARTL" bl A gall Qe i g £ o8 Wda AT o) o8

-
.

£ AY) Badig

LaS T A0 o) Aplaal) | Lgaill s alaia Yl can o 0 Ao Ly 015 Y anad) Byl 4 guaal) 31 gall
JoY s 0al) B Jd e liad

1S daaa (gl

Al S il L Jalsll Lge 35 a3 (aldia MWL (a0 (09 I3 Ay gudaald) ildal) (lany
Al Blaa (e 0a jh dpd (A i (e gh (5 puland) S sall

S S g S pall 818N JEll g A 5AN aal) o aaing 03 Ay guanl) 3 gal) @ 3 Al
r4d (Al

How well an organic molecule permeates an RO membrane will depend on
Its physical size and shape and on it chemical characteristics. Generally, the

B sl ()3 h S 3 Al g bl (g Sy L Tan Tan ol Jale (5 gl S all polarity J) S
123 ol Jale sLial) o s i g Al 8N al A1) Bl 218N JSal aslilyg e A0 A ¢y 588 200 ¢

Smaller organic molecules with polar characteristics will tend to diffuse
better than larger, neutral ones. A very general rule of thumb is that organic
molecules with a molecular weight less than 200 are more likely to permeate the
membrane than ones with molecular weight greater than 200.
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Table 1-3
Rejection of Organic Molecules by Polyamide Thin-Film Membrane
Organic Concentration Rejection (%)
Acetone 0.1 Molar 70
Ethanol 0.1 Molar 40
Phenol 0.1 Molar 40
Methylethyl ketone (MEK) 0.1 Molar 75
Isopropyl alcohol (IPA) Independent 90
Sucrose Independent Almost 100
Dextrose Independent Almost 100
(Courtesy 0fOsmonics, Inc.)

) e 520 on B335 o ) s ST i o1
Thin Film JyCTA Jsblad clivul) (le oil) G 4V 8 542 G (G4 o2 piany A -
| soluall 8 Baa) gial) Adlidall il gSal) (o aldill) o (composite
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Inorganics CTARejection TFC Rejection inorganics CTA TFC Rejection
Rejection

Sodium 85-90% 90-95% Fluoride 85-90% 90-95
Calcium 90-95% 93-98% Fhosphate 90-95% 93-93%
Magnesium 90-95% 93-98% Chromate 35-90% 90-95%
Fotassium 85-90% 90-95% Cyanide 85-00% 90-95%
Iron 90-95% 93-98% Sulfate 90-95 93-93%
Manganese 90-95% 93-98% Boran 30-40% 55-60%
Aluminum 90-95% 93-98% Arsenic+3 G0-70% T0-80%
Copper 490-85% 93-88% Arsenic+a 35-80% 93-98%
Mickel 90-95% §3-98% Selenium 90-95% 93-93%
Zinc 90-95% 93-98% Radioactivity 90-95% 93-98%
Strontium 90-95% 93-98% Biological&Farticle

5
Cadmium 90-95% 93-98% Bacteria =09% =09%
Silver 80-95% 83-98% Protozoa =39% =00%
Mercury 90-95% 93-98% Amoebic Cysts =09% =09%
Barium 90-95% 93-98% Giardia =09% =99%
Chromium 90-95% 93-98% Asbestos =09% =09%
Lead 90-95% 93-98% SedimentTurbidity =09% =09%
Chlaride 35-95% 90-95% Qrganics
Bicarbonate 35-90% 90-95% Crganics MW=300 =30% =09%
Mitrate 40-50% 85-90% Organics MW=300 0-90% 0-99%

[CTA=Cellulosic Membrane -TFC=Thin Film Composite]

All rejections nominal for 60 psi net pressure and at 25 °C
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The ability of an RO membrane to diffuse certain salts while rejecting others
1s not absolute. For any particular membrane, the percent passage of smaller
1ons, or lesser charged ions, will be relatively greater than that of larger ions,
or ions with greater charge characteristics. Generally, cations or anions with
greater valence numbers (greater charge) will be better rejected than ions with
lower valence. A divalent cation, such as calcium with a valence of +2, will
typically be rejected somewhere around three times better than the monovalent
1on sodium (valence of +1). Approximate salt passage percentages for an RO
membrane are given in Table 1-2.

3 ) gD g pal) At | Al cud Z3Y) by o) A o ol gl 4l 808 sda
e sl B Sl cilind gl ol S aaa Lt AN i) o ST L 955 JBT Ada Lt L) i)
o liail) B JBY) bl e Sl Ay @Sl B LA AL (ST cliad l) Bl Ll Al aligd
Joaally .., SIS galal agasguall (o ciladal 3 o dpady iy 1) B ol oy iliad Agle 1) grudlSiy
s ruSad) raliil) pdE ) YA 23 g el A 8 4 gal) quudl) g g AU

Table 1-2

Approximate Salt Passages for an RO Membrane
Dissolved Sait Chemical Formula Passage (%)
Calcium sul fate CaSO, 03
Calcium bicarbonate Ca(HCO,), 0.6
Sadiumchloride NaCij |
Sodium bicarbonate NaHCO, !
Sodium sulfate Na, SO, 0.3
Calciumchloride CaCl 0.6
Magnesium bicarbonate Mg(HCO,), 0.6
Magnesium chloride MgCl, 0.6
Potassiumchloride KCi I
Magnesium sulfate MgSO, 0.3
Potagsium bicarbonate KHCO, I
Potassium sulfate K.50, 0.3
Calcium nitrate Ca(NO,), 5
Sodiumnitrate NaNO, 5
Magnesium nitrate Mg(NO.), 5
Potassium nitrate KNO, 5
Calcium fluoride CaF. |
Sodium fluoride NaF 2
Magnesium fluoride MgF, 1
Potassium fuoride KF -~ 2
*These valuesare provided in order to view the relative percent passage of different dissolved
salts. Actual passage rates will depend on the particular membrane, net driving pressure,
temperature, pH, and other factors.
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St.St 316 L can be used in water with ""CI** less than 200 ppm & temperature less than

30°C ... and inline chlorination max 2 ppm.

In case of CIP max chlorine is 50 ppm.
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Figure 1.1 Membrane process designation by solute size,
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Filtration Coupling Examples
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:

Indirect couple
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System Tank
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¥ =mm==) Salt and other dissolved solids

) \Water molecule
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e NV Aad 2 A0 Lag ., ol Jad alad) culll) Uais g ., (273 + Sia 4y 5ia 43 3 25) slaal) 51 a4 3 Laie
molar J) clwa @i g dlig ., saag oSl G399 Al B al adl saa g agud gual) ()59 crmuaian L] 3 Sl
e JVa) 2 32 529 ASH 5uS AN ) dpeadi B, (lbad) (34 5 e gall (341) (34 JS fraction
58.5 (aiY) £ sana935.5 UslSlly ¢ 23 aguaguall ISl dual)
Mole fraction of sodium = 23/58.5 = 0.39
Wt of sodium =0.39 x 32 = 12.48 gm/I
Mole fraction of chloride = 35.5/58.5 = 0.61
Wt of chloride = 0.61 x 32 = 19.52 gm/I
32 =19.52 + 12.48 g clual) (e aslill g
(s J< A Gl Ao 0Jsl) sl g agaa sall N gal) dae a2y g
n=(12.48/23) + (19.52/35.5) = 1.09
16 S san) idall a9 V) A La
P =1.09 x 0.082 x 298 = 26.64 bar = 386 psi
226.6 N> s isaml bia et G galall B ¢ 3 32000 g3 Ml
(0% 0.86 (2 12.4 psi Uskal ¢ galal) ¢ 52 1000 JS llily)
AU A g Al (i el (5 A1) gy Ailaa il
P=1.19x (T +273) x M
P = osmotic pressure (psi) , T = water temperature,
Mi = n = molar fraction of individual ions.
Y A o 0ha 25 B A Ay o e gilad) JUa) L3AT 13
P=1.19x (T +273) x Mi=1.19 x (25 + 273) x 1.09 = 386 psi
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Typical Osmotic Pressures (25°C)

Compound Conc. (mg/L) | Conc. (mol/L) | Osmotic Pressure (psi)

NaCl 35,000 0.6 398

NaCl 1,000 0.0171 11.4

NaHCOs3 1,000 0.0119 12.8

NazSO4 1,000 0.00705 6

MgSOq 1,000 0.00831 3.6

MgCl2 1,000 0.0105 9.7

CacCl: 1,000 0.009 8.3

Sucrose 1,000 0.00292

Dextrose 1,000 0.00555
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Pumping system Before entering the SWRO membrane, darified seawater has to be

pressurized by a high-pressure pump, typically between 55 and 85 bar, depending on
the temperature and the salinity of the water (Figure 4.9).
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Figure 4.9 Pressure variations versus salinity at different water temperatures.
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Soft Starterssoft starter.JPG A soft starter is a solid-state device that protects AC elec-
tric motors from damage caused by sudden influxes of power by limiting the large ini-
tial inrush of current associated with motor startup. They provide a gentle ramp up to
full speed and are used only at startup (and stop, if equipped). Ramping up the initial
voltage to the motor produces this gradual start. Soft starters are also known as re-
duced voltage soft starters (RVSS). Soft starters are used in applications that require
speed and torque control are required only during startup (and stop if equipped with
soft stop) or where there is a need to reduce large startup inrush currents associated
with a large motor is required. They are also used when the mechanical system (the

load) requires a gentle start to relieve torque spikes and tension associated with normal
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startup (for example, conveyors, belt-driven systems, gears, and so on). And they are
used for pumps to eliminate pressure surges caused in piping systems when fluid
changes direction rapidly. ss3.JPG Electrical soft starters temporarily reduce voltage
or current input by reducing torque. Some soft starters may use solid-state devices to
help control the flow of the current. They can control one to three phases, with three-
phase control usually producing better results. Most soft starters use a series of thyris-
tors or silicon controlled rectifiers (SCRs) to reduce the voltage. In the normal OFF
state, the SCRs restrict current, but in the normal ON state, the SCRs allow current.
The SCRs are engaged during ramp up, and bypass contactors are pulled in after max-
imum speed is achieved. This helps to significantly reduce motor heating. Soft starters
are often the more economical choice for applications that require speed and torque
control only during motor startup. Additionally, they are often the ideal solution for
applications where space is a concern, as they usually take up less space than variable
frequency drives. Variable Frequency Drives. A variable frequency drive (VFD) is a
motor control device that protects and controls the speed of an AC induction motor. A
VFD can control the speed of the motor during the start and stop cycle, as well as
throughout the run cycle. VFDs are also referred to as adjustable frequency drives
(AFDs). VFDs are used in applications where omplete speed control is required, energy
savings is a goal and custom control is needed.vfd.JPG . VFDs convert input power to
adjustable frequency and voltage source for controlling speed of AC induction motors.
The frequency of the power applied to an AC motor determines the motor speed.
The VFD's input power comes from the facility power network (typically 480V, 60 Hz
AC). It has a rectifier that converts network AC power to DC power. A filter and DC
bus work together to smooth the rectified DC power and to provide clean, low ripple
DC power to the inverter, which uses DC power from the DC bus and filter to invert an
output that resembles sine wave AC power using a pulse width modulation (PWM)
technique.

vfd 2.JpgVFD's can save a lot of energy. And they are good at reducing peak energy
demand or reducing power when not required. They offer fully adjustable speed
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(pumps, conveyors, and fans) and can control starting, stopping, and acceleration. they
have dynamic torque control and they provide smooth motion for applications such as
elevators and escalators. They can maintain speed of equipment, making them ideal for
manufacturing equipment and industrial equipment such as mixers, grinders, and
crushers. They have self-diagnostics and communications, advanced overload protec-
tion, PLC-like functionality and software programming, digital inputs/outputs

(D1/D0O), analog inputs/outputs (AlI/AO) and relay outputs.
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the variable frequency drive let us to control the rpm of the motor so the control of the
flow and the attack pressure of the membrane, we use it to control the flow of the
product and the reject. From the experience we make the control of the flow of the
pump and its pressure attack from the vfd, and after flowing the projection of the
membrane from zero year to 5 year, the control with the plc of the valve reject can
make a bad influence to the membrane because the various pressure and flows to the
membrane so i advice to make a handly valve reject.
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You can applicate affinity laws to determine required results.
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KSB AG uses cookies to be able to optimally design and continually improve its web

site. By continuing to...

3- Flygt Slurry Pump Handbook - Xylem

PDFhttps://www.xylem.com > flygt-resources
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:R.O Skid or Traind) ¢& daaill cay idall Le gi s LdeY) ) Jsaal Jd g Lo B

RO Skids and Trains As indicated in the previous section, RO membrane elements are
installed in pressure vessels that usually house six to eight elements per vessel. Multiple
pressure vessels are arranged on support structures (referred to as skids or racks). The
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skids are typically made of powder-coated structural steel, plastic-coated steel, or plas-
tic.
fiberglass reinforced plastic sl Jfiw (uliticd e bl sle g gl
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CIP Pump Chemical Tank
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concentrate

. permeate flux
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slaall didia Lgnle adhaig pLdal) Cill Lgud 58 % 3L (8, Jadal) sle g jlan g o gl Allalal) o
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How big is a Reverse Osmosis Membrane Pore?
R.0. Membrane Pore - .0005 um

o
X
@
»
7}
£
@

Permeabhle Purified Water Membrane Flow
(Reject Water)  Support Layer (Reject Water)

AR (i) pageanll) Sanls Grasl o pLERY e J80% AN sla .. Al 5 3ually 5 5 LS
A, oISl g g gaal g g Lall g o saall) 3l (e A LAY Sl S a1 4 ghlal) A2
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BT B ol Jlesa a5 s AT 5 gua il

10 m3/hr (44 gpm) 5 m3/hr (22 gpm)
feed permeate

5 m3/hr (22 gpm)
concentrate
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Reverse Osmosis Basics
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Click-Lock Clamps, Straps, Unistrut Clamps, Support Saddles and other hardware are
used to install pressure vessels and ensure secure pressure vessel installation and sup-

port in a water treatment system.
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Table 4.6 Qualitative comparison of membrane configurations [20].

Module type

Characteristics Tubular Plate-and-frame ~ Spiral-wound Hollow fiber
.Packing density low | very high
Investment high > low

Fouling tendency low P very high
Ease of cleaning good p  poor
Operating cost high b low
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:Aliphatic or Aromatic polyamide 4 gl g 466 Lal Aol Jia gAY Ay el gl LS jal) -2
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Polybenzimidazole - polybenzimidazolones — polymidehydrazide — polyimides -
polyfuran.

:Aromatic polyamide 4 g<aad) aual (Jgall S sa

¥ Ay 1k Laladia) ST ga g 3 bl sl Jie assymetrical Alilaia yd) 4y gand) <l padd sill (e £ 53 58
CSlg s sbassl) Jamid) Ale i ¥ LuilasS i ga ., Jaddl) Gig b b gl quilay L. e hid qullay
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amide
group
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R R R

organic sulfonamide prhosphoramide
amide

0=0

CHg
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:Thin film composite (TFC) polymer: "< s" slis -3
JSAN Fgslall £ ol Aolia B daladind alig .. .. 5dY) il giead) B Laladiiadd Y1 9 5 gl JiSY) £ o) s g
A B guall B 5 5 LaS ik Bae (e Cillly g g ... spiral wound membrane g ¢y sliss3 )

.,
thin-film (2000 A)
<4— porous polysulfone

support
(60 iom)

non-woven fabrc
(150 zam)

Figure 4.13: Schematic of Thin-Film Composite Membrane
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Polyamide La pr_,———-“\

—

Polysulfone Layer

-

Polyester.Base

Ultra-thin membrane ——‘t
Polysulfone layer —
J

Non-woven web

Cross-Section of Thin-film
Composite Membranes
e,

Polyamide 0.2 pm

Polysulfone -
Ultrathin

Barrier Layer

Microporous
Polysulfone

Reinforcing
Fabric
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b5 ... Polyamide ultra thin layer i sl e lan 488, Aids (e 98359 Aall) 8 ;Lial) daal
Jaid jiag aa 1.0 N 0.05 e (s WgSamy ... Y1 (8 olsall Juad A g puSall raliah) Aida g A
Aaluall Ggilu Jge ABh (e eSS i(ciailadl B) Polysulfone Support Layer jawsl dadal
.Substrate Wsewy sliall cligfa cufiy aei Widdgg Polysulfone porous intermediate
0954 50 (A1 30 ¢ (Al eSan

Polyester gswiall ;€ sgiall jiu) Aol (o (flad (e sSTy ... Jial) sl Ay o dil) dduhl)
2 Aag S 120 A (GusS= 150 N 100 0) s WSews ... reinforced non-woven cloth
(el (ilad) (filaal) Cpiaal) Jan Lgiludh g g Cua ) g pay randl Al 98 9 Jas gial)

:TFCJ) (2 (g e gl il

PA membrane surface Polymeric support Fabric backing

Cross-section of a polyamide composite RO membrane. Courtesy of Mark

Al aialll de g .., 095k 160 (s dlaw 4 sheet 4id o qglhaall pLdad) ) 63 6$s ARlad) ciliada GO
) Cud J< el Al A8da g back to back 4 s envelope <ok A o Laguiany aa Cundi 2 gl
(0 Cn lida e 5 5 gy S SRy .. JRI 1) Lageany e inh ISl el A g 2 Y

How big is a Reverse Osmosis Membrane Pore?
—>»| |~<—— R.0. Membrane Pore - .0005 um

o
-
@
w
1]
c
=
@

Contaminants

Flow Permeable Purified Water Membrane Flow
(Reject Water)  Support Layer (Reject Water)
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Product (sams Lagin jala gy ai 8 lal) boivdal) Aol Lagudany g Gpilbdid) (Guaily (lg Gaay ¥ (fag
i) slad il olady) ¢l g U Las i pBIS cilgat) 3 dual oy o5 |, 488 ASu5 (e g 98 CarTiET
gl olga Al KL ) LA

A aa envelopes ikl sas cundii Lyl ¢Sy

1oae rUdl ae galy) puaiga)

Uyl cliph o (g giag pLERY

thickness 4iSlawg gz seiall 568l el gl Gilad, bl 3ol ) Ag 3228 polyester base -1
S s 120=

(1984 (oAba 40= thickness 4iSte g cuiill dsalia ¢ gila A g2 483k polysulfon layer -2

oY) Juall (g Sia Ala (1025 - 1) (o WiSlewyg Taa 488, ulal S 4k polyamide layer -3
.Ultra-thin separation

:Thin film composite J) Aslia 8 5 puaida s g oda g
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?;%: Polyamide TFC Membranes are

made by Interfacial Polymerization

Amine soln. drip

0
b

/ ﬁ Over
@

7

Trimesyl
Chlaride Amine Rinse Dry PA membrane

soln.

pressure J) g galiiod) dedi ¢ppaall o Qi< Al LS 4 galdl) Manual JIssladl 252 5a 428890 £ 4
(43¢ A9 vessel

Ca o Al sadlsdll Judhr G S A gl Eua el (gl quS i gl AU Ay oS g Sall B gual)
(R b o gy (8 LY Jaaly el sal) G iy S a2 5l shall Sl L slial) DA
:brackish waterd) 4déi b &y sl sl 4388

JB Gn pdlen sadlsd) psa o alad O S el gl o qodal) cpuglell B el AT alad s g
oalal) Jia Cpbuai dady gl By dlia g Ua sadgall o sl ¢ ey i N Joliil) B (g 5 LS il
A L ay e S A5 olie B 3L Alliall i) gl b & Al (85 ., Cpeal ) BB 0l) ey o)

sl (A gal) Ak
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NaCloQ
—_—— N-chlorination
Reversible
chlorination

Polyamides

(o]
H—OH NHQ\O/ ~
Scission N
\@/ B

Irreversible

chlorination | ©rton Rearrangement

H

0=—=0

Cl
Ring-chlorination

sbransl) A S g i gilall A g 3ladl £ gl (e plal) S oo dlalSia B ) gua 030 g

Permionics Membrane Design

Permeate tube

Female (flush-ended)

Male (tube extended)
Application Specific materials

Anti-Telescoping Device

Permeate collection material

Proprietary Thin Film Layer
Polymeric Thin Film Separating Layer

b Microporous Support
t— Non Woven Substrate

\ FEED Solution
\ /

A\
If

Outer Wrap

. Tape wrap

. Fiber glass

« Net

-1.1-—- « Custom design

/../—/ﬁ,(— Membrane (e.g HFT, ARN, ARG, HF UF, ARUF, UFG)

O €= Feed Spacer
+ Thickness 30, 46, 80 mils
D d, parallel, asy ic

Membrane
Feed Spacer

Outer Wrap

107



i) eI S

S ) — Sl kil S i sl i3l

(Aolls Sobbed) clisad .., BEEY) o Cponsipl) (e o8 g Al B I Joaal) (B W

Ssbabead) lipad

: s

dnaldl) g ddall

g1 Js

dsali e 4pd2Y) £) gl
gl G

&
($LE81) (30 5 S Aaluna ullaty Y 1Y)

_Flux (dail) Jana
(AdlY) e oluall )9 )

() si uad) Jghal e

() aa il gi E00)

i)

L)-'..JJ-‘S-“U‘LW ) 3 Gl
(48 s 2usliy) (Qselal) 2552 0,1)

B a1 A 3 AN oyl a gl
Crgadall

CHJJ.\SSSLJGAJ\

L isal) o gl8y

LSl o s (b

g dn 04535

b gial) A 4, 5ia A 5031

Ledaay Al 30 jad) 4a 0

11-3

7.5-3.5

PH (A 9ougd) o)

Q‘J:\iﬂ\ R 9\913.1"

Qﬁe&JSJ\Jﬂ\:\eJJ&&SJ\&AJ@
pHJ

g

Lo e

Lo pad

)

(Negative) 4l

(Neutral) {atxia

chad) Lad

%90 — 40

% 65-0

a1 A il ) A

\

Flux @8l Jana ;Y Eigan a gand) B Badlin aal Jgu diie o) gl eLdal) Jadiad Ladie ol paa Jny
aladin LiCey 4df LS |, (aldl) gid gl glal) 9SS Jarayg ,,, cldail) g Jo grlal) dagliia Joad ady A1 addl)
e ol Lyl Badiug ., 08 63 o L3 o Halh) jg5e (a Lasa S 0 sSin oSy L, s 30 @) (udd)

108

Jebdad) o Jua S8 sLial)



i SlSI WS S — WSl molall ad J s gl lzBlo
Thin Film
Cellulosic Composite
Effect of Bacteria | Some bacteria Very bacteria
will attack resistant
pH Range 40-895 20-11.0
Chilorine Excellent Poor Resistance
Tolerance Resistance 200 - 1000 ppm
hrs.
% Rejection 92% 95%
Nominal TDS Decreases as Constant
dependence TDS Increases

Nitrate Rejection

0% - 65%

40% - 90%

Temperature Limit

87°F (31°C)

1129F (45°C)

14a oy Jobaldl g aual A gal) (s A3 M8a oY) Sl g
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Types of Reverse Osmosis Membranes

Aovdariety of reverse osmosis membranes are onthe market today. All the major types have limitations.

Li rrit=ation=

Cellulo=sse ac=t=te

r=mbranes

Cellulo== triac=tate

rembranes

Thin film cormpo site

membranes

pH pHZ -8 pH <4 -9 pH2- 11
Temperature 5°%C - 30°C 5°C - Z5°C 5°%C - 50°%C
Fesitance to bacterial poor fairfgood excellent

attack

Fesistance to damage by

faird - 1 ppm

goodd - 2 ppm

poord - 0.1 ppm

chlorine

Twpiczal rejection ofsatks at [85% - 92% g2 %% - 95% 9% - 98 %
50 p=i

Typical rejection of nitrate  [20% - 50% 0 - GO TO%W - 90%
atsa p=i

Twpical tre ated vuater 1 g.ai'ﬂ:: aof 1 gal.l'ﬂ:-:lf EQaI.l'ﬁ:-:-f
production atg80 psi membrane’d 3y membrane’d ay membranes/day
Turbidity allawwed in feead none none none
ruater

Iron allowed in feed voater [1ppm 1ppm o Appm
Hydrogen sulfide allowwed none none none

in feedwveater

Felative voater production |1 1 2

Relative co=t L0} medium high

Hote: Several manu facturers produce reverse osm osis mem brane s, and technology is
cartinually im proving. Spedfication:s may differ for individual unit=. 1 ppm- 1 mgal
_

da duald gt @S e gl) Hydrophilic dilds s cle geana Ao (s ging 488 mha o J83 ¢ &
cilia Lt GsS pand gal) geda Jaal il ganall 0db g ... (DA (e U guall g Lgalad cildaiVl et and S slal)
Ul kb slall £ 5509 ... (G180 A8 Apida Al Ay (S o Apija dun ga Liadi gt ) Polar Apld
s 5 okt S ganall g sall ) i pLall (B CpimesS 550 o) Al Al o g aany La .,
o Ay Ll im0 e ) A pal) Al ik .. yasl 5

slaall Lalil) il eldall B jadsd) mha o 4kl cile gagal) BUS cl) LS 4d) giiiad adallyg
5 ST ety g oY) Hopuas (BT Ly . EST iy S i sl Y (sl
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MANUFACTURING OF CELLULOSE ACETATE MEMBRANE

Callulneg
acetate
polymer

Diethylene
ether

Magnessium
perchlorate

Water

Casting solution

Casting

Solvent evaporation

Gelation

Heat annealing

sal N oll asia o AN ani g

MANUFACTURING OF COMPOSITE POLYAMIDE MEMBRANE

Polysulfone
polymer

Solvent

Polysulfone casting solution

Polysulfone casting on
polyester backing material

MPD solution

TMC solution

Interfacial polymerization on
polysulfone layer

Solvent evaporation and
heat annealing

1(JR v L B LAY a3 B g) (Lalid g gl Frag) Apde N dadiaal) Balad) 0o £ 30 10 g
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semi )t?!"ﬂ('ab’( memuoprarl ; T ; T = - canCd -

AN ({O membrane is made using a long chain organic molecule, i
; : » i i - be hvdrophilic, meaning
2 ‘erSe 08 S »lymer must be hydrop A g

hmer. For reverse osmosis, this poly dligy1 ot

R s i g - It has polar functional groups

'« attracted to its chemical structure. as polar

water is attracted 1o is C . ALDIR B i U

(n‘nupsol"‘:mm:with purticularchcm\calchmacu,nslm that drEF;l(lL ed .
.L : ; ; ¥ M (v rge " r =3 A.\c ‘_"‘\"c

main structure of the polymer) that interact well with water. : ese g e

bt | diffuse i f rane polyme
water molecules the ability to diffuse into and out of the membrane poi}

structure.

ALGEY) ekl B lgale plalad) Jaay AN GilaaY)

sdladl cdgll 8 Audel) poki B plalall L Jany AN (salual)
Concept of New Membrane:-
1-Increasing Hydrophilicty of Membrane Surface.

2-Neutralization of Membrane Surface Charge

1-Increasing Hydrophilicty of Membrane Surface:
L) Ada Gl al) 3 JSlagkay ., slall oS (ulg plall ad A88Y) prhaes Jaal CiuS ray 138 g Tasa gl 138

(il B3 g2 g Ao Az g S ghaday dpasl) (pui ) 3ok (8 (Ao Baga g JB) ABly olie

2-Neutralization of Membrane Surface Charge:

Oa Foulant J aal of aodiiaad dumy cilind o (g giag ¥ e mhaa Jaa 4ds gag .., Jase AU 128
Rate of fouling zstl Jaa ¢ S8 5 £pde Y1 gy Gl

hydrophilicty 3355 b oo a9 gkt I S aa ) slalal) plaicd |, AUl g Jg¥) faall dpnilly
s g Llla g A gl 3 ge Uiyl ABLa) way il glal) Jama JoliS Lyl g 4 5500 S pall (any AdLi) 2ay

.Fouling resistance

The Concept of New Membrane:-
1-Increasing Hydrophilicty of Membrane Surface.

2-Neutralization of Membrane Surface Charge

Gigan Gl oo Tan A8l g dagal) Clagleadl (2 mua gl gliad LY mha pehi oo alkl ol Jd
Uliaie odd g g8 ma (0 &Y (alsd (uad Ay ... dibasSyid galsd A LddY) phuw o Fouling

Al pha go ) ) Gland
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Physicochemical properties that have relation with fouling property:-

Hydrophaobic Interaction.(Hydrophilicty)
Electrostatic Interaction,

Roughness.

Contact angle.

Steric repulsion effect.

A WN e

Bl ) Al e ) mhaa e Al ) g .. Hydrophobic Interaction (Hydrophilicty) J) s& sal Jsf
Al 3 pually i o 9 LS A ) pday slall o 1S S e

wcirgphobic group

Membraney
surface

g o cliad Qilad 4ol el 1y .. gal Al (e sa 9 Electrostatic Interaction s s AU
Al Al ., da go clind |, 4uieY)

= A cationic group +
= <

ApieY) had § 458 ) )3 Gmnlis Hydrophilictyd) Jie 4sae ¥ (ol s Gaen 588 (ol dliMl g

Hydrophobic group

@ Membran

surface

Hydrophilicty:-

An increase in Hydrophilicty offers better fouling resistance,
because many foulants such as protein are hydrophobic in nature

A cationic group (4

Membrane surface

Layi \ag ... Electrostatic Interaction J) Ji& ¢f jsiv MG Hydrophilicty J) Ji ¢ Uakisd ¢l
Laba o clia il Julis g 4ieY) phaw Adalae ay
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A cationic group

<>

B LalS udal o) (S LalS adalld mhad) dagrd aay ., 4deY) mhaad Roughness Jisa Gl Jalad)
O b g ety LY mhan g bl 380 3N (el g2l aal ¢a 039 Foulant Jly sLéad) plaw ¢ dlsial)
Ll gAY g e LAY g Cp uadAil) Ay gl 59 AaRS il (o Bk (8 gl Guale (il Ay i

Roughness:-

Smoother surface , less fouling ‘

I The decrease of surface roughness can improve antifouling property I

i) Ay g) 5l Lalsh faa Tan aga Jale 138 g pLiAY) gl g Jilud) G Contact angle J) sa g gl Jalad

Fouling rated) Jxa J2 Lals

Contact angle:-

1-nmumute treatment
Contact angle: 54°

| =mumnute treatment
Contact angle: 689

2-nunute treatment
Contact angle: 39

2-nunute treatment
Contact angle: 687

AuieY) mha e 218N aal 53 i Steric repulsion effect J) st s oualad) Jalad)
Az sy ol i) Al (it y lgale Gl aay el g L) b g ghl o8 Lgtaad jo 2y ABjluad) Jal gad) S
Aaild Sla¥) el jlayg ..., Aadl ) cilaliae dla @ilsy "poly-amide J) Ak 51" sLEa s ) A 65U S ja
lan 55 ghale cilaal jy a5y gl daaly pslad) A8 8 lay) el B auadia e Lgday |, Al Al o
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This type of membrane consists from the following:-

1. Non-porous poly amid thin film ~ 0.2um.
2. Porous layer (polysulfone) ~ 40um.
3. Supported layer of poly ester ~ 120um.

" Membrane Cross Sectional Morphology

Material : Crosslinked Aromatic
Polyamide
thickness: 02 micron

Microporous Membrane

.. Material : Polysulfone
thickness: 40 micron

Substrate

Material : Non woven Polyester
thickness: 120 micron

s3sag O ... 03529 ate gl polyamide Ak 355 s B L2y co dale Adiay Laal aga jal ria gina
o2 3929 a9 oY) £ 31 B Laadia sda g Nano filtration & RO J) ... kié oilla 8 1352 e 0198
il gdll £ 35 s Micro filtration & Ultrafiltration Jex slill Jaasw polyamide J) e Addal)

AieY) mh Ao dal gl Al jplSl) ppai s 8 Gy o2 ., g M) £ 3 (9 BB i gAY

Non porous Layer =———> in RO & Nano filtration

RO, NF Membrane

UF, MF Membrane

Porous layer—>in Ultrafiltration & Micro filtration
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L) 4 iuf Aol diag elall 338 (gl Jgal) dABdal g 5iSIY) oS g Saall (pa B sua ol g
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Porous layer (polysulfone)

poly ester supported
layer

' ‘r' :\ A a ‘ 5 p
Crane.End 78033 18KU  Soum

Surface
P r‘ ~ ] >

Supported poly ester
layer

Y e o paiaa A8y jha B Y Ll Jaiag 3pal N gl) Al LSl ciuagl) o ST Ja
sal gl Bl ) S Sl B ) guaall oda B
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The basic structure of poly amide membrane:-

S 2 e X !
C@é-NH ON e C©ONH©N

HN NH, |
I%( | i i i
[ =i A MG A AT TH 8 T
Z WPD U \(j/ | j/
e ,,/ e #
+ rl'—o o
* [ :];‘:
L NH Y- ' = 1n
COC
/ ]
| N me N
S
cloc cocl

—

Fig. 2 — The polyamide RO barver layer derived from MPD and TMC via interfacial polymerization.

MPD == Meta-phenylenediamine.

TMC s trimesoyl chloride.

sliadl galgd iy dual Jgl) Ak Al plala ) jaigal) £ o8 g L. AY s (e Gl Mg
slall Taa Adle LAMES Lt aal Jdoy Aiih Ade peal Jai jarigall (1 £ 53 dray . Lelial) Adlaladiad g
e Alma A Al 30N @i g Ja ghudall IS (6 AT il jpaiga iRy .. slall ¢& Gama sOlVENt Juadl o)) gakiied g
... reject water J) (2 Wajh Ly dndiall 3 gally ) Jia slpall JSLaa (ary duald &) pasiga dllia

L sk U1 ke alad) g Adlias cilaladind Tan 5 S il yasi o LA g
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IM onomer ar odifisr Reference
Sulfcnated polylether ether ketone) - *
s : Ba and Economy, 2010
; Harh: d 1kada,
Folyvinyl alcohol (FVA) l OHt gmni 20<1‘lZI
v O
LA
Gy %
FEBAX® 1657 f’CH.fr\"“ \ T Loule 2t al., 2005

Fody(N isopropylacrylamice: co-acnydic acid)
(B[NIPAm-co-AAC])

NH OH

CH
H,¢©  CH.

Yuet s, 2011

s A Gl e gal dlia) 034 g

Faly ety leme plyea |} dsnerylnte (PSS

Valy fwtiy It glyce ) acry Inte (PEGA)

2-Hyetres ywihyl mery Iatw (HEA|

=G — UGGt

(o]
I
HC==C==C —LOC Hg(}Hg)‘OH
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1. Salt rejection.

2. Flux.

3. Tolerance to temperature, pH variation and chemical constituents.
4. Fouling tendency and scale control.

5. Durability.

Cross section of flat (A) and hollow fiber (B) membranes

Semipemeable A
membrane layer

~2000 Angstrom \

Microporous >

polymeric support ]
0.2 mm
0.008"

Fabric backing g

Semipermeahle

membrane layer
~5000 Angstrom I
Microporous 3
body 0.08 mm 0.15mm
Permeate o 0.003"  0.006"
channel A 4

Cross section of flat (A) and hollow fiber (B) membranes

sl g/a JiS) Lgaua g Al AdaBLl) (udi o g LpdeY) phan o el 50 138
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Tautomerization
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Critical points of poly amide membrane

1. Poly amide layer. s>oxidants

2. Poly sulfone > Organic solvent

3. Poly ester substrate —————> low/high pH

4. High flux/Low feed ——> Concentration polarization

Y. s:'l.:m Y

Classification of
membranes according to
its structure

1. Membrane with Symmetric structure.

2. Membrane with Asymmetric structure.

3. Thin film composite membrane.

1- Membrane with symmetric structure
At Ban) g Alada (ha (1S g g Al puliall B plalal) S8 Le Jgl g g o8 Jgl 12 g
—: sLdad) 1A yadaadl (il o aa ga 9
M oy g g £ L) ) 2iialy s LA rhas Ao pudadll’ ARy sk A g 1 A gY) 4Gy )
gy qudall A A Guda (A el gal) d3ld) g 5 el Jae Bash (8 palgdll G A 140N 48 k)
L
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There are two methods for preparation this type of
membrane:-

1. Track etching method.
2. Precipitation from the vapor phase method

sLial) g pad aly a5 eLZAL JAN AdR00 ) gad Giand (5 6B plad) jaa o elERll poal A9 : Ag¥) Ay k)
¢ Rl of el dsles Caaatl duaS g pm G g ol 5 98 s 98 Jslaa B

A. Track etching method.

This method obtained in two steps:-

1-A sheet of polymeric film moves underneath a radiation source
then irradiated by high-energy particles.

Where; the spots that are subjected to bombardment of the particles
are degraded or chemically altered during this process.

2- The film undergoes an etching process in an alkaline or
hydrogen peroxide bath (depending on the material), where the
polymer is etched along the path of high-energy particles.

sdidag Lgi

Radiation source+sheet then etching process in an alkaline or hydrogen
peroxide bath In (High energy particles)

Precipitation from the vapor phase method J (A 4l 4g kil Ly
oo da 3 (o) Vg AL (pma solvent (b 41 &8 palgs S cast polymer 8 A&kl oda b
Gangd pldall ¢ gSall el gal) A gl Al pa 0 A da 0 Adia @ AT Gule ga lgrid ol of dialidia
AV culall aldl) 13 B8 jadsadl e film OGSy A que i Gand paalgal) 4d Gady M) qulall A

sLEal) A1) g A g agluad oy g pLdR) () 9Sb JAda il
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This method obtained as the following step:-

A cast polymer solution that consists of (polymer+solvent) is
brought into a non-solvent vapor environment saturated with solvent
vapor.????

Where;

The saturated solvent vapor suppresses the evaporation of solvent
from the film; the non-solvent molecules diffuse into the film causing
polymer coagulation.

Solvent evaporation form the film surface then non-solvent molecules
diffuse into the film causing polymer coagulation.

Eua (e film B g B A3 psial) Aldal) B 2o (e (A ulal) A Ao jug Joil Ao g sadd gall 4paS laiha
o) gall g dladdl

198y AUl g il o Jan

IMembrane with Asymmetric structure

the top skin layer « (s« thin dense layer As¥) (il e gl 1 sy
L) A8l daley yiad g porous sub layer o e 430G Al g

This type of membrane consists of two layers:-

The top one is a very thin dense layer also called (the top skin
layer).

The bottom one is a porous sub layer.
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‘Membrane with Asymmetric structure J) & <daada 3 g

(flux J) Jie gal g3l (lany B aSati ¢ & Llal) Akl o -z AW

The dense skin layer (top layer) control in permeation properties as

flux.

sldal) Addall A<uilSe AaloaS i 8 ) Addal) o & g -3 Al

Porous sub layer serves only as a mechanical support.

:symmetric 3 8159 ¢ Aol 058 asymmetric g5 A flux of ». :AaEY

Water fluxes of asymmetric membranes is much higher than
symmetric membranes where; the membrane resistance to water

transport is proportional to the dense skin thickness. (Lonsdale,

1987:baker.1990:strathman,1990)
A 3 gall (e £ i) (i G Cpitid (ra eST £ 68 .. Ol (e O 9SL M) Asymmietric § sl ased 13a g
£ 551 (ra Al gia (pillida ¢yl 0%y AU £ oillg ., " pudigh JSAN LB o CIDUEAYY g el gal) (i "

gl (e g A
2-Membrane with Asymmetric structure:-
Asymmetric membrane
Integrally skinned asymmetric membrane composite membrane

A- Integrally skinned asymmetric membrane:-

In this type the material of the top layer and porous of sub layer
are the same.
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B-Composite membrane:-

In this type the material of top skin layer is
different from the polymer of porous of sub
layer.

[ntegrally skinned structure

) Dense
skin layers

» Porous subleyer

Thin film J Y Jsagl slalall plaind ia A 3 Composite I gsilly daldl) 3 jaall juias oda g

.composite membrance

Advantage of composite membrane over the integrally skinned
asymmetric membrane is that the material for the top skin layer and
porous sub layer can be chosen separately to optimize the overall
performance.

1Y) Ay plally QU3 S5 G L L el ol g

Asymmetric membranes are most commonly formed by a phase
inversion method (This method called polymer precipitation
method).

1488 jall 3 ) gually g ga 9 LaS AV (A 0 sadd gl Qa5 A
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The rate of precipitation is a factor in determining pore characteristics
where:-

1-Rapid precipitation :-

tends to produce pores that are small and asymmetric.
2-Slow precipitation:-

This type produce more symmetrical pores that are
relatively large.

The polymer precipitation can be achieved in several ways:-

1. Thermal gelation.
2. Solvent evaporation.
3. Non solvent immersion

Is the most important asymmetric membrane preparation
technique.

Phase inversion technique for preparation of integrally skinned
asymmetric membranes:-

1. Dry-wet phase inversion method (Loeb-sourirajan method).
2. Thermally induced phase separation method.

il oA Ao glia Aulil | plis £ gudn ga (B pualadl) cuias

rdalal) B 2l (B lgbianad o Al a3 B

Journal of membrane science 349 (2010)_

s cdpdl Sl DOW sl 4Sud e BW30 £.65 (e el (Aol dpddf o il gl gl gad Jana anill o
Extra Aromatic 31 ke cile ganay 390 Latie 3l (Aol ghan Ao Al Jas a3, dua jall 030

Ala) ey mlgdeld) of a6 Extra Aliphatic groups 4sldi cle saxay 393 i groups
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Auto glue potting machine for RO membrane production
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RO sheet and spacer cutting and folding machine
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Permeate flow

Flux =
(number of membranes x membrane surface area)
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Pressure vs Flux+Rejection
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RO TERMS

TCF - temperature correction factor
Temperature affects water and salt
transport across the membrane,
approximately at the same magnitude.
The transport rate changes at about 3%
per degree C.

TCF = 1/exp(2700*(1/(273+t)-1/298))

t — temperature C

TEMPERATURE EFFECT
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Salinity vs Flux and
Rejection
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Reverse osmosis membrane water flux as a function of recovery. Assumes
constant applied feed pressure.
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Salt rejection

Recovery

Figure 9.11 Reverse osmosis membrane salt rejection as a function of recovery. Assumes
constant applied feed pressure.
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Table Concentration factor as a function of
recovery.
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Effect of Membrane Surface Area
on Permeate Flow

Permeate Flow |
through membrane ’)
surface area A
| Membrane
% Area sq. ft.

e Permeate Flow _  (Gallon) ”
UX = Membrane Area (ft?) (Day)

The flow of permeate water through a unit surface
area of membrane per unit of time.

Permeate Flow

= Permeate Flow Rate
Water Permeation
Coefficient of Membrane

= Membrane Surface Area

= Net Driving Pressure

= Temperature Constant

Rl Effect of Water Permeation
Coefficient on Permeate Flow

Water Permeation Coefficient is also knows as the
(Kp) Value

Sometimes it is called the “Specific Productivity.”

Usual units of measure are: ml / cm2 / sec/ bar

The Kp value is a characteristic of the membrane that
determines how easily water can pass through the
membrane.
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Salt passage =[TDS @roducty/ TDS (feed)] X 100 = (40/3000) x 100 = 1.33%

So, salt rejection + salt passage = 100

Or salt rejection = (1 — salt passage) x 100
Salt passage% = 1 — salt rejection%
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Permeate flow = 100 m3/day
Recovery = 32%
Feed concentration = 45.000 mg/I
Permeate concentration = 250 mg/I
10 S Gl 3y 43

Feed flow Qs salt rejection , rejection concentration

L83 5 gShal) c¥alaall JMA Cra dlaY) g
R.R % = (Qp/Qx) x 100
0.32 = 100/feed V Q= 312.5 m®/day
Salt rejection = [TDS (feed) — TDS (oroducty/ TDS (feeq)] X 100

= (45000 — 250)/ 45000 = 99.44%

2 AUIS Lgboa aid a1 8 M) 3 55 Ll g
Rejection concentration =
(feed conc. x feed flow) - (permeate conc. x permeate flow)/reject flow
Reject flow = feed — permeate flow = 312.5 — 100 = 212.5 m®/day
Rejection concentration = 45000 x 312.5 — (250 x 100) / 212.5
= 66058.82 mg/I
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Pressure
With increasing effective feed pressure, the permeate TDS will decrease while the permeate flux will increase as shown in
Figure 1.6.

Temperature
If the temperature increases and all other parameters are kept constant, the permeate flux and the salt passage will increase

(see Figure 1.7).

Recovery

Recovery is the ratio of permeate flow to feed flow. In the case of increasing recovery, the permeate flux will decrease and
stop if the salt concentration reaches a value where the osmotic pressure of the concentrate is as high as the applied feed
pressure. The salt rejection will drop with increasing recovery (see Figure 1.8).

Feedwater Salt Concentration
Figure 1.9 shows the impact of the feedwater salt concentration on the permeate flux and the salt rejection.
Figure 1.6 Performance vs. pressure Figure 1.7 Performance vs. temperature
Permeate Salit Permeate Salt
Flux Rejection Flux Rejection
Pressure — Temperature —>
Figure 1.8 Performance vs. recovery Figure 1.9 Performance vs. feedwater salt concentration
Permeate Salt Permeate Salt
Flux Rejection Flux Rejection
Recovery —> Feed Concentration —>

Table 1.1 shows a summary of the impacts influencing reverse osmosis plant performance.

Table 1.1 Factors influencing reverse osmosis performance

Increasing Permeate Flow Salt Passage
Effective pressure T d
Temperature T T
Recovery 4 1
Feed salt correction Y T
Increasing T Decreasing 4
Page 14 of 179 * Trademark of The Dow Chemical Company Form No. 609-00071-104
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Table 3.8 Number of stages of a seawater system

Number of serial Number of stages Number of stages Number of stages
System recovery (%) element positions (6-element vessels) (7-element vessels) (B-element vessels)
35- 40 6 1 1 —
45 7-12 2 1 1
50 8-12 2 2 1
55 - 60 12-14 2 2 —

Basl g Ala ya B 4pd8] 7 ) Banl g A pag aalg b B Al 6 ) glindd 5 1S, %40 -35 Ui Laji ol
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AEE] 8 Lga Ban) g Ada ya ol A3l 7 Lgad Ay JS (yila e 9l .,

Table 3.7 Number of stages of a brackish water system

System recovery (%) Number of serial element positions Number of stages (6-element vessels)
40- 80 b 1
70-8) 12 2
85-90 18 3
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Permate flow = 41 m°D (11gpd) Oiotaal)l (e gl (gl

Performance salt rejection = 99.7

el b ) Ay dde g G el £laly ey
Type: Configration spiral wound
(I £ S AL praal) £ 6
Membrane polymer composite polyamide
bl sl £ 58 (e s el gall sLES
Membrane active area 400 ft> (37.1 m?)
Crsaal) Cpa Adladl) o) ddadiil) dakatal)
Application data
cllall bl
Maximum applied pressure = 600 psi
Gaball il B aal)
Maximum chlorine concentration < 0.1 ppm
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pH range: 2-10.8

pH for continuous cleaning: 1-12.5

Maxim feed water turbidity = INTU AL allB jlsal) dpaud

Maxim SDl15< 5

Max feed flow = 75 gpm or(17 m¥hr) s ded Jof

Max pressure drop = 15 psi

2l daaa U (uaigal)
dald JSLia oy gl el A3 4289 o Lilie L8N da B (e 435 Flowd) 3305 ol csd Las
oY) aS) 5 ) s Laa ciSaan U 3N 588 Baly gy (iKY B g (AlAA) Canew lldg AN Al B
fluxd! aisid iy back pressure Jas s Js¥) Ada jall ZUY) Bdl sl S i oy 4dde g scale Eigaag
898 Bal) g el dua B Uy g AUl AUl A jall JAA) gl Baly Sy Cfila sal) o GlsaY)
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Membrane Element ESPA1
Performance: Permeate Flow 12,000 gpd (45.4 m*/d)

Salt Rejection: 99.3 % (99.0 % minimum)
Type Configuration: Spiral Wound

Membrane Polymer: Composite Polyamide

Membrane Active Area: 400 ft° (37.1m")
Application Data* Maximum Applied Pressure: 600 psig (4.16 MPa)

Maximum Chlorine Concentration: < 0.1 PPM

Maximum Operating Temperature: 113 °F (45°C)

pH Range, Continuous (Cleaning): 2-10 (1-12)*

Maximum Feedwater Turbidity: 1.0 NTU

Maximum Feedwater SDI (15 mins): 2.0 .

Maximum Feed Flow: 75 GPM (17.0 m~/h)

Minimum Ratio of Concentrate to

Permeate Flow for any Element: 51

Maximum Pressure Drop for Each Element: 10 psi
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Biofilm Composition

Component %o Total Description Origin
Water Up to 95% Characteristics
determined by dissolved
solutes
Microbial cells 2-5%
Polysaccharides 1-2 % Neutral and polyanionic : | Extracellular
homo and
heteropolysaccharides
Proteins <1-2% Enzymes Extracellular and
cell lysis
DNA and RNA <1-2% Cell lysis
Tons ? Bound or free
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Fig. 2. Scanning electron micrograph of a membrane
cross section. (A) Original membrane and (B) membrane

with biofilm after 4 days of operation.
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7.12 Exposure to Other Chemicals

Exposure of a thin-film composite membrane to a variety of organic
compounds can result in swelling or dissolution of the polysulfone
microporous support layer.?! Suspect chemicals include:

« Solvents: dimethyl formamide, dimethyl acdimide, n-methyl
pyrrolidone, dimethyl sulfoxide, etc.

o Aromatic compounds: benzene, toluene, xylene, phenol,
diesel fuel, gasoline

o Others: ketones, aldehydes, esters, strong ethers

Note that only low-molecular solvents such as alcohols (isopropanol and
smaller) are acceptable.
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Particulate and Colloidal Fouling:
Pore Blocking
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Complete Blocking

— Each particle in water completely blocks
one pore and reduces ative membrane
area, with no superposition of particles

o8l ana 838 L&A AAIAN laad) e a8 Cilagual) O Al Guany | 08T s 1A g

Standard Blocking

— Each particle is deposited on the
internal pore walls, decreasing the pore
volume
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Intermediate Blocking

— Particles settle on other particles
previously deposited and already
blocking the pores or particles can

directly block membrane area.
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Cake Filtration

— Each particle settles on other particles
previously deposited and already
blocking the pores,

— No particle directly block pores or active
membrane area respectively.

— The cake might be compressible
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Gray deposit of elemental sulfur on the surface of the membrane.

1l ) g g Lo Lith LSluud) ) 98 Lal g
e A1l e gl i) A o Ui obia A 23l g Si eSilad) uais
TS . OsneS sl O e O sSh .., (SIO)) Wilsw A o ()58 Ald LM B gual) B S 1)
(Csalal) (B s 3a 8 — 0.4 (e 0SS Al ol Ag) galal) e a 100 — 1 G Le 438 olpa B g
PH bt daay Ibll ibasl) JOil)
sl 03405 Meta Silicic acid b Wall gaes s B ol 7 pH 2 bl ilud) Joil)
rilipgl) oda (e di (o (5% chmid paaa 98 9 (H2SiO3)n

Si0; — H2Si03 — HaSiO4 (=Si(OH)a)

238



(Seales) 523l e gl B o — S gt S e s sl

aliyall 3 ) i ndl of Bl

salgn O Add adill 368 ey Supersaturation s e slaig slall A (leal) 13gd aadal) dias 134
QssE i Insoluble Colloidal silica 413 il 435 8 Salud) (e Ay gha Al 05858 N dad 4 359
ApiEY) o ) Bl s S yal) 032 5 ... Amorphous silica geliaiiie ye of 5 slia & Ja Wil
Y Silicicd) paea dsity g Jiy (g agd) sl 58S 58 O 7 (A Jaldl) Akl e pHJ) @l § Ol s 1208
G gl pa daty ggd Lilla 8 US 3y off Lal 35U 138 5 (HSiO3)n 8349 Anion silicate cilSalud) ¢ gl
Insoluble 413 i) ) 73l (oS! agaigal¥ly Sainiallg Bl o gaewitall g agandlSl) Jia 42 gal)
DAY 685 Uil qua Laa silicate

2l ¥ A S 0 98 ot 1Sl sl il ., il B Aale) LEN) B L) il g el
Alinal) (B ilassl) Jauid) Lgas

Silicate scaling ‘-|

Dissolved silica (SiO,) is naturally present in most feed waters in
the range of 1-100 mg/L (in seawater in average 0.4 - 8 mg/L)

The prevailing forms of silica are meta silicic acids as (H,Si0;),
with low n numbers

Since silicic acid is a weak acid, it is mostly in the undissociated
form as SiO,, H,SiO; and H,;SiO, (=Si(OH),) at or below a neutral
pH

Supersaturated silicic acid can further polymerize (higher n
numbers) to form insoluble colloidal silica or amorphous silica gelf
which can cause membrane scaling

As the pH exceeds neutral, silicic acid dissociates into the silicate
anion (HSiO5’),. This can react with calcium, magnesium, iron,
manganese or aluminum to form insoluble silicates

Aluminum and iron are the most powerful precipitants of silicic
acid

It has been reported that, when Al** and Fe3* coexist in the
pretreated feed water, silica is precipitated even below its
saturation limit
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Silicate scaling

B Both APP* and Fe?*, therefore, must be less than 0.05 mg/L in the
feed water, even if the silica level is below saturation.

B Since AI** and Fe?®* salts are used for coagulation in municipal and
other industrial water processing, frequent and accurate
measurements of these ions are needed even though the feed
water itself does not contain high levels of aluminum and iron
ions.

B The scaling potential of soluble silica (silicic acid) in the absence
of trivalent metal cations can be calculated

B The scaling potential for the concentrate stream will be quite
different from that of the feed solution because of the increase in
the concentration of SiO, and the change in pH.

B Solubility of SiO, is highest at high pH and lowest between pH 7
and 8.2 (at 25° C)

B Solubility of SiO, strongly depends on temperature
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Silicate scaling
Solubility of SiO, vs. pH

pH Correction Factor
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Figure 5.5 Langeleir Saturation Index (LSI) as a function of module position and
recovery for a two-stage, 75%-recovery RO system. Assumes feed water conditions: 200
ppm calcium, 150 ppm bicarbonate, and pH = 7.0.
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LSI (Langlier Saturation Index): LSl is a method of reporting the scaling or corrosive potential of low
TDS brackish water based on the level of saturation of calcium carbonate. LSl is important to boiler water
and municipal plant chemists in determining whether a water is corrosive (has a negative LSI) or will tend
to scale calcium carbonate (has a positive LSI). LSl is important to RO chemists as a measurement of
the scaling potential for calcium carbonate. The LSI value is calculated by subtracting the calculated pH
of saturation of calcium carbonate from the actual feed pH. Calcium carbonate solubility decreases with
increasing temperature (as evidenced by the liming of a teakettle), higher pH, higher calcium
concentration, and higher alkalinity levels. The LS| value can be lowered by reducing pH by the |nje01|on
of an acid (typlcally sulfuric or hydrochloric) into the RO feed water.

concentrate is negative 0.2 (which indicates that the concentrate is 0.2 pH units below the point of
calcium carbonate saturation). A negative 0.2 LS| allows for pH excursions in actual plant operation. A
polymer-based antiscalant can also be used to inhibit the precipitation of calcium carbonate. Some
antiscalant suppliers have claimed the efficacy of their product up to a positive LSI value of 2.5 in the RO
concentrate (though a more conservative design LS level is +1.8). Sodium hexametaphosphate, an
inorganic antiscalant, was used in the early days of RO but the maximum concentrate LSI was + 0.5 and
it had to be made in short-lived batches as the air easily oxidized it.
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As the product water continuously passes through the membrane, dissolved and
suspended solids concentrate at the separating surface creating a boundary layer,
an effect known as “Concentration Polarization” ...Within this boundary layer
salts may precipitate and suspended solids can start to deposit on the membrane
surface and spacers of spiral wound system.

Concentration polarization factor for FILEMETIC 8" elements pfi =EXP{0.7Yi}
... where Yi recovery fraction of the element

Yi = permeat Q/feed Q
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J=A*{Fp=(B*Qp+Pp+05*Pd)] >>>> where:{(

J: membrane permeate water flux.

A: membrane water permeability coefficient (unique property)
SLEal) £ ol (ald oA g
Fp: applied feed pressure.
Qp: osmotic pressure of concentrate water.
Pp: permeate back pressure.
Pd: pressure drop.
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deposit because the crystals are smaller and cement together tighter.

A Sulphate deposit is brittle, does not pulverize easily, and does not
effervesce when dropped into acid.

A high silica deposit is very hard, resembling porcelain. The crystal of
silica are extremely small, forming a very dense and impervious scale.
This scale is extremely brittle and very difficult to pulverize. It is not
soluble in hydrochloric acid and is usually very light coloured.

Iron deposits, due either to corrosion or iron contamination in the
water, are very dark coloured. Iron deposits in boilers are most often
magnetic. They are soluble in hot acid giving a dark brown coloured
solution.
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Net Driving Pressure (NDP) and temperature influence the permeability of the
membrane to water. NDP is a function of the applied pressure, pressure drop,
osmotic pressure, and permeate pressure of the system. As NDP increases, the

Equation 2 gives the formula for Net Driving Pressure. All units are pressure units
such as psi, kPa, bar.

NDP = Pf - ““APm - Posm - Pp (2)
Where:
P+ = Feed Pressure
APm = Pressure drop between the feed and brine streams
Posm = Osmotic pressure
Pp = Permeate pressure
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Reverse Osmosis Projection
Feed Flow to Stage | 661.03 m¥/d Pass | Permeate Flow n‘*d Osmotic Pressure:

Raw Water Flow to System ~ 641.03 m*/d Pass | Recovery 77.99 % Feed 2.16 bar
Feed Pressure 15.74 bar Feed Temperature 24.0 ( Concentrate  9.31 bar
Flow Factor 0.85 Feed TDS 3025.09 mg/I Average 5.74 bar
Chem. Dose None Number of Elements 24 Average NDP 9.17 bar
Total Active Area 891.84 M? Average Pass | Flux 23.36 Imh Power 15.06 kW
— ap—
Water Classification: Well Water SDI <3 Specific Energy 0.72 kWh/m?
TN—— —

Feed  Feed  Recirc  Conc  Conc  Perm  Avg  Perm  Boost  Perm
Stage Element #PV #Ele  Flow  Press Flow Flow Press Flow  Flux  Press Press TDS
(m/d) (bar) (md)  (m'/d) (bar)  (m¥d) (Imh) (bar) (bar)  (mg/l)
57 BW30-400( 3)@ 661.03 15.39 20.00  230.34 1436  430.68 26.83 0.00 0.00 4083

@ BW30-400 @(()) 23034 1401 000 161.07 1246 6927 1295 000 000 150.14

;Q\ -BAN-\'J

e A gia 423 24 5 Al A a5 %78 s AN ... asdll B casa Jia 500 s gl Ao deaas daaal)
8 SDI W U4l slaa) oluall £ 63 LA Ay ... (Brackish water i) gsslall 2 s 52 3025 il 73
e BT 6 o s ging 5 JS L VR 3 e sST AW Alda jal) L il e e Al Baagllg L (3 0
dady A2V B obiall L gl WS, LEET 6 Lo ssiny daly J5 Ge calli Al A gally
o LS L Gslall (B s 40.83 = oY) Aa el e da A gl g3l L flux ouSSA
QoS Uk 9.31 Syl ol (s jgandl) Lially ., U 2,16 sa 9 Al slial o gand) bidal) (1S g il
02 9.17 L& NDPJ) s2s Ji ¢y e Ll o3 . applied pressure Azil) kil ... 5,74 Jaw giall
obal pusSal) Jaiudall g A Y) da glia Lgda g B (1 WAL SS3 Gilaasl (s 5 gandl) Jaiadal) (o S ST 98 alally .,
A Saa i

dpath aadiad O i giSa g LaS e 3 o Juand ) Gglhaal) O g& i gl 120 (e dda g A Lag
DR 15.74 s Feed pressure s bia

Olg &aa 3B | gllaal) bball Gl || Gl gl 3 JS S g Jes aly (Jrandl A8 qua g) b giall g
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NORMALIZATION Weanl 5 al) aa cuia 0 Lia el Jabdal) U8 Al (5 0 i o ., &l iyl
asnand o s ) O b yra g Adanall b cul il A8 yal Yol g S D) 0 G il 0 5 R ..
w9l Jaeall cuilial) B gl) 48 pa g 2B

(2 Jsdl 138 7 ok a5 Flow factor gl 4siséy Fouling factor gisl g\l ,giséd Jsa g
Okl ) ., g aidal)

Dirt J) 4xed Lagl Fouling factord) gllaaa cpdsa gl Jand 13540 gealise (A USY 1) sud
dA W ., Flow factord) glhuas S Ulaly ... membrane age factord! s factor
Tlgd 4 il a ) puda g slaa (R Lag SCuY) G
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E ROSA Control Panel - Project 8956

Ele OCptions Help
System Permeate Fow: 0.20m3h Systemn Feed Flow: 1.313méh Systemn Recovery:  15.00%

Mo. Passes Cumert Pase
®1 Oz ® 1 2

Corfiguration for Pass 1

Fouling Factar:

Operatng Temp:

Recirculation Loops

Elznd Pemeats I:I mh
Pazz 1 Conc to Pass 1 Feed I:I mih

Pass 2 Conc to Pass 1 Feed I:l mh

Corfiguration for Stage 1in Pass 1 System Corfiguration

Stage in Pass: |Stage 1 w o
e 1 Pump
Feed Pressure: :uar Efficiency

Parmsats Flu:

Back Pressure: | None | bar Concentrate
Same back pressure for all stages Feed

Pressure vesszels in each stage:
g Pemeate
Elementsin each vessel: 1 >

3 ROSA Control Panel - GSET-0004 SW =

File Options Help
System Permeate Flow: 48 00 gom System Feed Flow: 320.00 gpm System Recovery: 15.00%
No. Passss Cument Pass

@1 2 a1 2

Canfiguration for Pass 1
Recrculation Loops

= Bend Permeate HNore | gom
Fow Factor. 0.85 Pass 1 Concto Pasa 1 Feed Here | gom
Operating Temp: 3000 = t 1 Fee: None
596 gid A8
Carfiguration for Stage 1in Pass 1 ) Syslem Corfiguration
Stage in Fass: Stage 1 - -jJ
Feed Freseure:  None peg ey
BOD % Concertrate
Back Pressure:  None psig
| Same back pressures for all sages
Pressure wessels in each stage 1 Fermesate
El=merts n each vessel 1 =
Total slements in stage 1
Products: |BW30400/34 =] [ Specs |
| Use the same clement in the pass .

1} Pragect Infomation | 2) Feadwater Data | 3) Scaling Information | 4] System Corfiguration | 5) Report | 6] Cost Analysis |
| Tuesday, Decemnber 20, 2016 Opened project "GSET-0004 5w d|

ferd) Jalaa o Lab
Fouling glsdl Jalaa o ikl off L) ... opdSa gl oles 3 dpaal) B 4L dad o FFJ) Jalaa
Gl o Ll .. s AY gl ) (g ROSAI SN el (pe daptll) &l jlaayl 8 aadies 53l g factor
hid aigy ¥ Jalaall 138 O 08 acl) S ceaw,., Aaal) & jlaayl 4eddiud o Flow factor J) =
Gl gl e Al Gidag Layg sldal) Alag slaall JaN3 olaal) Gliywn algn o ... dalall cluw il i sl gl
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DOW FILMTEC™ Membranes
Flow Factor for RO System Design

The Flow Factor The Flow Factor (FF) in ROSA is a value used o calculate the system feed pressure under

certain conditions or age. The FF is defined as the fraction of the water permeability of the
membrane relative to a membrane with nominal flow specification. It allows calculation of
the remaining flow performance of a membrane system considering the effects of reversible
and irreversible fouling, aging effects due to temperature, pressure and operation time, and
a safety margin. Previously, FF was called ‘Fouling Factor'. However, since it has a more
general meaning of a flow performance related to a reference flow performance rather than
a description of just fouling, the term ‘Flow Factor' is more appropriate.

Adde aS) i) il glill g Allla g pLdaY) jas g ol A Ladla jadl ) g3SLAL 138 g

Jii O ¥ gl (Madl Jaidal) dsalla ddaud 5y P1 ¢Sl g Jaia ) zling o¢d luan pLEAN (S 1Y) La Ala g
Al Giany gl [ gdbll g il gl Anle 0 9<ig Ala ¢ i pLIRY) fay pLEAY jas adlig JaEL aay ... (NDPJ)
29 eer (JBEEY glasal) pua gy A3 lBally AN I8 jLaidly ag) Hysteresisd) o) Compaction il
biva ady ) hidain W Al |, LallY) gudi e Juasd Ja PL (e sS) P2 i ) liad Ala) o8
Aallaall g 4,30 olsa Aah g sLdad) Aat lad < g i ) g 3a gl J 30y (NDPJ) 215) HPP Azalkall
Ay

Sall) QP gl Gl Adlaa b Jay SN Jalaa gl il Jalaa of 98 13000 geli A ol L
sAdalaal) B3 Y L Gl e o Addlaall B o AT Cdlalas Bae il (AsLuy/cusal)

Permeate flow through the RO membrane can be expressed more completely by rearranging Eq. 1 taking into account
the effect of the permeate osmotic pressure, average pressure drop in the RO vessel. permeate pressure. and fouling
factor: Eq. 1 can be rewritten as follows:

Qp = (A)(S)(TCF)(FF)(B; =2~ B~ Moo + 1) (10)

The fouling factor 1s applied fo membrane to simulation aging and lose of permeability due to compaction and scale
fouling. Typically a fouling factor of 1 is applied to new membrane. and a fouling factor between 0.65 to 0.85 for three
vear old membranes and onwards, Also. because the performance of the RO membranes is typically tested at 25 °C. a
Temperature Correction Factor (TCF) is considered were suitable in the equations above to adjust the temperature
differences. TCF is determined using the following equations:

ulial) arasatl) M zalipl) ey AUl g Permeate flowd) Lo ahalls S5 ié FRY) dad ai Ladic g
Sldarall o3 e pUL Alad) bl dsallal
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FouLING RATE CALCULATION

To track the fouling rate during operations, membrane performance was compared to the
clean membrane performance at the beginning of the tests. Typically, the performance of a
membrane system stabilizes during the first 2 days on stream. After that, any loss in
performance with time is attributed to fouling.

For this work, membrane performance was related to a fouling factor, k;. For a given stage
or part of a membrane system, at any time, t, the permeate flow, Q (gpd), can be expressed
as:

Q = K kr K A APay

where:
ki = Fouling factor
kr = Membrane temperature correction factor
K = Clean permeate flow coefficient at standard temperature (105° F.), gpd-psi-sq ft
A = Membrane area, sq ft
AP, = Average transmembrane pressure drop, psi

The fouling factor, ki, can be calculated because k+ is known for each membrane, and the
other parameters are obtained during the tests.

The membrane system's response to foulant type and thickness and brine velocity
(particulate fouling is greater at lower velocities) is reflected in the fou[in? factor, k. By
definition, ki is 1.0 at time zero with a clean membrane and decreases as fouling occurs.

eesElow factory s FFJ as g cis

By o plag suilll o adingg o il f gagall O ) D aa g Jaladl 130 ad azg B o) ) Coams
sdalal) 13gd a8y S A Ll Gllin (gl aa i 0815 ... Ban gl Jidia gl aanadll

N gL il g g ate ) ady AV Al | L AaiiS puaiall da) gl) g oty Bagand) 4pde B dpuilly
s Gl alyg . sldald) c¥la J&bl ) dug.,. s B Aelg 4B sbad TDS elg 3,00 4a 3 el
Omg Ogad b el Al ) Gigaa sy Initial start up soe Jg¥ Baaadl Baagll Jads Ly
.(Stabilizing during the first 2 days)

A3l olia 88 o sainy (EUAN 13 Jaray ... Lawodi O Cuasnl) Ghw O Bas gl Jads L3 axiil) aa
L) . JSSBaa gl anaal y (g shansll Jrmid) Cllalas 30US g a0 g i gLl (65 e

Joti o aalid ¥ Fay L. Non —linearcs)l) ge dubad dde b 068 ¥ Permeate fluxd) 2 aldaiy) g
A ) el E (g B AT g Ml B4y ., IS ey sl S ) e S 0

%7 o> (Fir . JE Aoy 8 Ay Al e 2610 — 5 (e Fluxd) B o siad) Jaradl 7 gl g
(Baa sl gl lah LA A3 e JiS o) 4 35 $8) One year flux decline 4sami s Jaw gia

0.9 ¢ 8 Adal) ()98 Ulial 5 0.95 sl FFEJ 0983 Of a8 g A J ol
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DOW FILMTEC™ Membranes
Flow Factor for RO System Design

With a FF of 1.0 the feed pressure is calculated for a system with membrane elements
performing according to the published nominal flow specification. This feed pressure is
expected for large systems at initial start-up after stabilization and without fouling.

After start-up and during operation of the RO system, the normalized flow performance may
decrease. The feed pressure required after some time of operation is projected by using a
FF < 1. The rate of FF decrease with time depends on the feed water fouling potential and
the frequency and efficiency of cleanings, and the system design. Typically the FF decrease
is not linear with time; most of the flux loss will occur initially during the first year.

A AW ) 5 0.8 N JE A FF=1 J ad of g2y ... dadgia 1 A 8 A Llee Laslade &5 Ala
Caal g W e JiSH catiil 8 A8V alua (Y b i (e ST 3y gmaall aal gl ) U3 a2
ALY o Y e 3Ll e (g .., il gl B bl

RS oon i) olaa £ 531125 0.65 — 0.55 O Lo 48 Aad JHI Ll . gnal aal gl & PR aad o of Lt
B g olual) (pa £ 53 Band o o)y AS pd cnag By ... TDS Jiig 50a Ao Jii g sliadl s gl ) i
dod Jil die Ul ., FF=1 xie Jo¥ ... (S g 0 2 Jas Al duag Alal) Jaiial) dsallal anaai gua g3 Cuia g
) i gl Aallal B o Wtie (589 e pard ) Y1 a3l 5d .. il gir 3 ag dad g
63 ¢ Apallal) 35S pb; il gon G day ¢ slalal) pubaion ¥ i il ., (Adide i g iy (4 ya avanadl) 1S
e JSLia 9 8

1 AU Lo Al o) adaiosi FFJY dad B g

For the design of an RO system we recommend using at least the two boundary conditions a) and b):

a) FF 1.0 at maximum temperature / maximum feed TDS and
b) Lowest FF at minimum temperature / maximum feed TDS with hysteresis function (for seawater).

The lowest FF depends on the feed water quality:

(.65 for seawater with open intake and conventional pretreatment SDI<5
0.70 for seawater with beach well intake or MF/UF pretreatment SDI<3
0.65 for brackish surface water with conventional pretreatment SDI<5
0.70 for brackish surface water with MF/UF pretreatment SDI<3

0.75 for brackish well water SDI<3

0.80 for RO permeate as feed

(.55 for waste water reuse with conventional pretreatment SDI<&

(.60 for waste water reuse with MF pretreatment SDI<3

0.65 for waste water reuse with UF pretreatment SDI<3

The design is acceptable if the printout shows no warnings under those conditions. The pressure
calculated with FF 1.0 is the expected feed pressure at start-up with clean membranes. The pressure
calculated with the lowest FF is the expected maximum pressure after three years of operation. This
is the recommended maximum pump pressure which is sufficient to provide the design capacity
under all conditions including the typical degree of fouling.
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ROSA - Flow Factors

Flow Factor Concept:

« FF=1.00 Nominal element flow performance
according to specification

- FF=0.80 80% of nominal element flow performance

Flow Factor
+ 3 years +
Start up | y 3 years '
Membrane (expected) (fouling excluded, (expected, fouling
clean membrane) included)
BW 1.0 0.80 0.75-0.65
SW 1.0 0.80 0.70-0.65

Long term FF (+ 3 years) depends strongly on:
« Temperature, raw water source, pre-treatment, feed pressure, etc.

-
for each membrane are available by clicking on the Specs button. ROSA also allows

the use of difference elements in the same pass so that cach stage can have difference
clements (sece Chapter 17.2.20).

Other features on the configuration screen include the following:

l. Recirculation Loops: Allows the designer to either blend permeate or recycle
concentrale to the feed of that specific pass, or recycle concentrate [rom a second pass
to the feed to the [rst pass,

2. Fouling Factor: The designer can mput the rate of fouling of the membrane based
on the feed water quality. A fouling factor of 1.00 1s used for new membranes. For
brackish water membranes, a fouling factor of 0.85 15 a good approximation for
loss of pressure duc to compaction and irreversible fouling at year 3 of membrane
life, (the fouling factor 0.85 corresponds to a 15% loss in flux duc to compaction
and 1rreversible fouling). Note that if the feed water source 1s low quality (1.¢., high
i suspended solids) than a fouling factor greater than 0.85 (actual fouling factor
number 1s less than 0.85) should be used. For example, treating municipal effluent the
designer may want to select a fouling factor of 0.75. Appropriate estimation of the
fouling factor 1s important to properly size the high-pressure feed pump and motor for
the RO system.
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lCoIour of filter paper used for the test can give useful
nformation:

— Slightly yellow: possible presence of iron and/or organics in
feed water. Check the water source as well as for possible
corrosion in the lines.

— Reddish brown: positive indication of presence of iron in feed
water. Take corrective steps for removal of iron.

— Gray: indicates presence of carbon fines. Check the carbon
filter, remove carbon fines.

— Dark Black: if the colour dissolves in acid, it indicates the
presence of manganese in feed water.

— Particles present on the filter paper
» Check the cartridge filter and the filter elements.
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:Alkaline cleaning W) Juwall -2

LAY JiBg pglail) & ardiey slinal) By ., (12 08 25 Y9 ... 12 — 10 A Jeal pH (B Al ol Eua
Ao fial) 3 A ) B aadien claal A . A g sSaal)

5.6 &8 Y pH aie L Jaad ol dua gl (e gl Al S M quiia i a8l Jauid)
SN S B aadind Al Laclal) o) gall AL

1- Sodium hydroxide (NaOH) 43 stsll 13 gall
2- Ethyelen diamine tetra-acetic acid (EDTA).
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o) il 155 cpal (503 LY
3 -Sodium salts of EDTA: Gy gk
- Na2EDTA is the Disodium salt of ethylene diamine tetraacetic acid
- Na4sEDTA is the tetrasodium salt of ethylene diamine tetraacetic acid
4- Detergents (surfactants) <likial) ;
- Quaternary ammonium compounds.
- (Na-DDS) or (SDS) or sodium salt of dodecylsulfate.
- Sodium laurel sulfate.
- Sodium tripolyphosphate (STP).
- Trisodium phosphate (TSP).
Eua A g sSaal) LSl 3B g aslatl] B addiud g8 (NAOH) assdsall S g 0 gl dgglsll 13 guall dpudilly
Fla Bagiall Y [ gdd Gy A) ) A andiid hl e B dle |, dad) A laad hydrolysis das a i Ll
sy yasl) Cﬁ-«i
CaS04 (Gypsum) + 2NaOH —» Ca(OH)2 + NazSO4
shall B 4l Bala o A0 gSial) o gl daaiS 5 )ab ashally g
ol ygddy daglanlly dggandly Ayg ad) 3 gal) A1) A acluia BalaS aadiid EDTA Uadl dpudly
Loy (Al Juudd) ulee B o) S slall B ghald oy 0 ll) plidany B399 UaY)g ... Sulphate il sl
asrenirall g a gaudlsll Cibdy chelating (lde cus
:(Detergents & surfactants) Jesd) (gualua g clikiall 4uilly
*Quaternary ammonium compounds:
O giail) 33 Lghuatia B Jaad ClLS e A g (Quats) ) T baial Wale sty 435 gilsl) cildlatal) (ha £ o3 A
Jaid sy (NH4*) Uinall a g2 a1 Gigal (A G gosd @3 ol i O e g . Aan ge Aadi Jaad A
s JSAdL LS (Aryl 11 sl AlKyl Jisli) 4y s e ganay G guugd) <l 3

Rl

| +
3~ '\{\R‘l

RZ
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S8 Ay SV e gena Aludu Jsh @)) LS Lald Disinfection sl dxald b cls sal) oda g
Lipid J) ¢r a3 sldsy pudl Jaad Al cilug il g Lually cilyjhilly Lot e dal) 4030 slie
LS ... (Lipophilic dlsé sulll cilug s o Fat-loving asaall qaall 43e alla o3 £ 6ill i) envelope
1510 1) Cusai g AAY) 7 A Apcla) 31 gally AN g AR Jaka 4y gaad) cdle i) o i Ll
Lo (et 5l jau g dalia Ll clilaiall e Ao ganall 0da &l Jaaa (e
Sl (o guand) i AN o B Llagl LS yal) 22 addiud
rilS yall 038 o ALiaY) (e 8L El) g
(benzalkonium  chloride, benzethonium  chloride, = methylbenzethonium  chlo-
ride, cetalkonium chloride, cetylpyridinium chloride,cetrimonium, cetrimide, dofanium
chloride, tetraethylammonium bromide, didecyldimethylammonium chloride and dom-
iphen bromide)
*Sodium laurel sulfate: <lilu 4! agasa
A (e Sl Aslia B bl (0 JAT £ 50 8
*Na-DDS is sodium salt of dodecylsulfate (SDS)

93 NasEDTA el i 155 cpal 613 Coli¥) agadga (Sl g Lglsll lagaall o gaad) o Ulal
Uy 868 ... Lagoen sy oy ¥ g Lagra ) jla (3985 9 U LaS o gaesiiall g o gaaallsll o (2l (5] 5 alliial)
oS ol 1T ) pHYY adug Aalst) 1o gual) Adlda) cuils 131 s g g el B3l ) pa 35

e LI ca i Na-DDSJ) g i 81 13) of ciplaist) B i 5 g8 Juah s g 459l 13 gual) o 225 Lilas
Ly

1 A il 3 g 9 73l Jpuid) -3

Na»S>04 = Sodium hydrosulfite

S g 4G dai) ) Al Y Baua 4 945 Lgw Adaaall g1 48 a1 (685 (G g Al g 43 8 903 gl aladiad die

oo ) S (0 B3B8V gl 3 x5 L. (2 ohem g AU S 51 %3 alalla sl aladiud ol L
AR S LT A0 o) g dadlaad) clali ) L1 g Ada Jdad) Guaa g

(M) s 8 sghas ardicy Glutaraldehyde 2aal U sladl G e o) Las

W AEY) pelaigh Jad B aadiad AN dpibassl) Gl pal) slandy Jglaa GV aSil) g
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3 gall g oY) — iy olil) — (alaa¥) scile gaa EDE ) anedill) a3, Lgda JS Jo cilBiadla g AleasS) W g

e G AY) dpilpassl)

-

Acids palaal)

sl el

Aiarsl) BaLal) ansd

HCI

(Hydrochloric acid) hsiS g jagd) paaa

o e H3PO4

el ) s sl paaa
(Phosphoric acid or orthophosphor-
ic acid)

858l Lo gia (5 58 aen NH>SOsH

Sulfamic acid ¢xliludl (aas ‘

(L (5 gac (yaea C6H807

(isaslll) & Sl e
Citric acid

L (5 gac (yaea CoH,0,4

Sl ¥ (aaa
Oxalic acid

LSl Ji6 (g 8 alaa
b g Sl (H20,)

(G 9oad) S ol (3 98) CmnaS gY) sl
Hydrogen peroxide

LSl Ji6 (g 8 alaa
Gl g ySaall CHsCOsH

Peracetic acid (PAA)

Bases<l slall

s 3a

Aiars) BaLal) auid

NaOH

g g\l 13 guaall
(Sodium hydroxide)

C10H16N2(:)8

Lol gl 5 aal (618 LY
EDTA
(Ethylene diamine tetraacetic acid)

N'R1R2R3R4

Quaternary ammonium compounds

Na,EDTA

the Disodium salt of ethylene dia-
mine tetraacetic acid

tetrasodium salt of ethylene diamine
tetraacetic acid
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sodium salt of dodecylsulfate (SDS)
or sodium lauryl sulfate (SLS)
Na-DDS =



i) SlaS Sl S e — S moldll e J s inede Sli3lo

ts A ApilasS 3 g4 g 3l

(el 3a ) Ailass) 3alal) ol

AREGHO I TR B XN Sodium hydrosulfite

il il g U Sl S5y sine CH:0 Formaldehyde

i a5 U Sl iy sins CsHgO2 Glutaraldehyde

s addiad Aaiial slual) cuilS 1) Al (s B il lasSl) o3n (ary aladiad o ciliianl) (dany ol Y Slia g
Lgaa (0 slalaiy (el 5 jla Salall oda ()i LaS |, Akn poca Bala 49 b alla ) g8 aladiia) adey priads Siad Sl Jaud
Ban gl b gl LIS 48 el ol Bae ML A Sl Lgtiad) ) ¢ aldl) o LaS ., Apaalin Gy

oor LB LaS JSUE) Gasens Jg¥) Y JuaB) 52 9 SBSUL Adlaiiad alyg ... waalla jodl) Aude Y Bia 8 asdicn g
A pU ) Al ary Juadia QAR Lgd 3 )i i g 438 ) B

Gl glaxs Sla) Lawadia Sy ga Jalaill JMA (e Ay la slanly AyglasS e 51l sl claagl) (any Ay
(E.. Wb

sda o midglll (pe £ 68 S Al LdeY) Jaud B andiid Al cily glasst) £ 61 Lia il o)) a9 W)
SN o) a1 o g L. el il cillaaiey cpalaladl U1 say Slalii lan ja ()9S5 S Ara Jalail) 488
ooobaall dagda g, Al cLEal) £ g3 2 g 9al 3 o daing Jaad] 4y glasSll Balall £ g8 JLER) o ga g ... A ey
Gl gl e eig

LIE £ gl L b jsa¥) oda JSy .., Adia Ailile Bala ol Adma pH Jaai ¥ 8 |, Ll Api Y SaLed
oo $LERIL AalAl) o WA JMA (e dadaall 4S il

(i) B Ay gia da 2 35 08 0 YY) Aaall (o Bl uall da o s e g La Bale (g glassll Jadd) ol S LS
oo b gill las pacBl aa a3 (068 oS0 ., 4By Sl Jrud) Jae (e B i i L&Yy,

dpabial) ( assl) Juaidl g geiad sl £ g5 and o Ml GEADY b Giaaiig

sl sa Gyl utigal

deedd) B LI s Adgl Aadea Jas e AN L gl e A LBl os) s
pitaes ladad dasaia B gucy Al a3 () g ... a0 3l i el B g3 gal) AlSiall £ 95 A8 jra g Ban 1aa agag
JSd (e gl SDI A8y g (e (985 2B AlSdial) e g8 yyaal ABNL Gk 2o gy .. dagaua B gy g M)
By Jaeal) Jglaa Al gl g £ gadi JSG (e gl ., LpdEY) uala (e gl L AEEY) el A
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guiy) die Ao Layl aagig... Jaedd) 590 slgfl) s Jaedd) Jolae Go Jillad das e gl ngsd
Qalll) g hgudal) gl ) die g, miadgld Al a9 e gl 73 alid) g Lality) (alidl) g Ja gl
Lay Blad 3LaY) UG ) g Ja ghudal) il e ., quman 5 2920 9 nay ALSial) (585 eyl 3l A ) g L)
Al oda Az il & Adlal 23Y) Casal s 73 i gL ) g Jagrdall cild die |, gl 098
255 O .. Wgeiad ) A8 e e Y Alladiad Gy Alladid (e 2 L. Cosaall B Al ) A Guag
ra gl Al o)) aadiiod Al Cul ¢ da g8 Y A J680 ) aolaiad g ., B3 93 sal) Aall (adldd g (p Bamia (3 )b
e Gslalaiy agd¥ L ¥l AL B an e (8 sliall dulaty dallae Jlaay cplalal) e Le g2 IRy .. i
oida UL 8 Lailag . Axe Jalaill g piial) qu Ao CigBsll Adle B g albaly 10 9 dpa gy (585 2B ) pila
....... Laa 4gh o gy JS olall Adaig dadlaa Jlae O Ji o) pplaliead 13, Al jlay 3B pyaa

) daas Jal (gl

antibacterial - non 8uSse & Bala Ay (peall atiail mag Jd oS e |sothiazolined) s

.oxdizing agent
s palaall 3,
2 il ) ol pa B8 138 Al L Csalal) B 3 100 - 50 (o Juay 3aS S addiiony 43 i B
) daaa AU udigal) 3y
ppM 30 ALt de oy ( spaall daladicd (Say g 5l @)l (A pddian s pad
9l ) ggmigm@\
rilluat) g cibatlly Aal) Giual) B Aleal) T ad a8 0 ) gaand ., s3la ) g2 S
Total of pressure vessels in WTP = 33

Total of element (membrane) = 198

Number of pressure vessels for first stages =7

Number of elements = 42

Number of pressure vessels for second stages = 4

Number of elements = 24

Dimension of membrane: 8'*40" long

33 5 slid 198 (Awa¥) .. O 11 9 Cesas 66 e 33a9 JS RO @iaag &0l gais ¢f gl (o
J
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WN\M“SJSMYJ;
M\M:in

Water (free chlorine): 500 liter.
Citric Acid: 10.0 kg.
L2 (SS Guag pH I el g Javia a3y
sddal) gl
pH =2
Pressure = 3.5 : 4 Bar
H>O = 0.0 Free chlorine
spaaal) Jaudd) cile) ja ¢ Ll
OaldAT) Bad g .. ki 4 — 3.5 saaky ¥ haka ais sas I pressure vessel cudil JS 8 Jslaall e aly *
Al (2 80 adl A jag pH ) daid

2 0sSE g pH ) Japda g ald ol g Aol sl el gail) dles (B ) el ol *
te b EDU Baal de L Cinal IS ARl dotaal) ) &0 *

AL olually Jad Jas g vessels I (s Jslaall 3k Ay *

S 9 50gd) a8 N 9 8 Al A a9 Y 3k dpead g il ua (e ApES Y 10 (b A
1yl Jauid) J glaa ; Ll

sdglaall ywiaas ; Y

Water (free chlorine): 600 liter

TSP (Tri Sodium Phosphate): 0.6 kg

STPP ( Sodium Tri Poly Phosphate): 0.6 kg
EDTA( Ethylene Diamine Tetra Acetate): 12 kg
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sl Jaadd) cilg) ya) ¢ LIl
S 4 -3.5 suiy Y hia die saa e pressure vessel ¢l JS A Jslaall pgxialy 1
GBS pde Baal dadalial) il gil) any LA ol Baal gail) dgles B ) i) oy |2
A sia da 240 25 Y G Jolaall 5l ada 0 3
ammonium s sodium hydroxide aliul 11.5 Os8 Cuay Jshaall pH J) bua ab 4
.hydroxide
AR olally Jas Jus g vessels ) (e Jglaall 3k sy 5
wbinaS 9 gl a8 319 8l Ao ja g 3 3k dped g i pall) Eua (e LY 60 uld o L6
sdamdd) J g2 98 138 9

date I 11438 :§%
+ e
unit no. it
e
vessel na 55’”5'
’.i'—b.
(o
ACID CLEANING el
u
AN
Lrtm PRODUCT (|REJECT I FEED | PRODUCT | REJECT FEED [\PRODUCT [REECT | |
g osf 08 0!
PH PH| PH
TEMP TENP.| TEMP, TEWP,
4 R ) R | S
&S N 15HR 215HR
BIOLOGY CLEANING
l FEED |PRODUCT [|REJECT | FEED | PRODUCT | REJECT FEED (| PRODUCT
TD o8| TDS
PH PH PH
TEMP. TEMP. TEMP 230
R R: J AR: e
esnr 1 hr m-s-*‘

SalS Abasl) Jadd) Slga 13a g
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s oSS e ANA g dallaa ol A 750 (bl o (gl Janatl) o
0.1 =TSP (m 385 e Juaad &
0.10of TSPI10.1 Kgin 100 liter
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?? Kg in 750 liter
TSP (0.1%) = (0.1 x 750)/100 = 0.75 kg ~ 1 kg
e 55 0.1 5 Jsaall 31750 ) STPY (e (aaS 0.75 waailly i) alja sl 1 Nsa ALa) quay ay

230 gall AL aa 1382 g
STSP (0.1%) = (0.1 x 750)/100 = 0.75 kg = 1 kg
EDTA (2.0%) = (2 x 750)/100 = 15 kg
¢ paalal] Jacdd)

Citric acid (2.0%) = (2.0 x 750)/100 = 15 kg
b 55 o Bl (aaalal) o (g ol Jpuailly oy Gucuhd) Ao fund yusd oy g Aoy il BT B g 130
(51 Al
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reiSl] il ¢ lias |Jga dale Cliddlia
Scientific discussion about the chemistry of
Reverse Osmosis

d-wib cwbm‘ &

5
A = Citric acid 2%) @ pH 4, 40°C
B = HCI@pH 25, 35°C

2 C=HCl@pH 2, 35°C
D HCI @ pH 1, 25°C
= HCI @ pH 1, 35°C
5 J I
D E
';-'ﬁlll[l('"l

Less Effe More Effective

Relative Change in Permeate Flow

Temperature and pH impact the performance of acid cleaners
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il | Alal) Jooad) g il g8 £ 63 -18

A B Y Ande N g slassll Jaudd) dlae 8 daadiiaial) cily glaxl) s (re i) GELED B Liaas
Al gl Jag it Bamd auady (5 glassll ) £ gunga of Laila o gy ... il W) €1 g1 (ha £ 95 JSI Apaiiall iy glassl
8 Juaniy o AT A%y b il (5 AT g Al Y) Jd B A8y jha A i i B g Aallaall ok A Tan ¢ pa 4l
555 (20 AS 01 5 a5 g A ol Jgilall B (19S5 Ln gl gl .. 553l )
vee g9l Jaadly

(Bio-fouling) Z=is} 918 oalall Caniliall (5 glansl) Jouid)

g JAaY) Jalld Disinfectants 3 ¢t dsibas 3) g asiiod Liif slira ( gd gaall gl gldl) (e aliss Lasie
s 58 el 35k oo Disinfection smghail) & dadisall du oS g Spall LS 238 A (5 sl 5l gaad)
gia da 335 5, ) 4a 35 ... pH = 12 e sodium salt of dodecylsulfate Jf Lz s 4y g 13 gually
Ao 3a A2 53 40 () Juai Clpna i) ary A g

aladia) o) dval @il 158 Cpaal (519 Gdii) a 913 g 1Y) e A 9K 13 guaal) aladii) o g Al Jgla Slia
A alla ) gl g (GBabed) QALALY 8 Lgde LBaad ) Lo gsY)) dadd dlitad ) aa (S Y1 sla 5f SDSJ
vee Sl glass) (o W 1

slal Jand A g Ly syl J581 (non-oxidizing biocides) SamS e sl s sall (e £ 50 S i 853 g
sALIAY) (aany Lgda SN Ay las

Ferrocid8580 — Oxy-anious5 - Rocidesc
AdBY) o A5 S Bausa pf Al J4 okl
B sl g £ LaL Ly il ey s M) a0 A1) Ao Jant Liayl SMIBS clils (5L Lisa a g3 gl
Y g Gaaatin LaS (i) Gl s alle ) i) andiicny LaS Ban o) i g3 wic AndeY) Jada B Lia andiiud
aliall aai g (uladll sl gl of of clly gl Aadia SMBSJ! (1985 O (ra Al g 1 muiga Sana (uadigaall)
Bt of e Yagy ... BiaSsa () A Jidal) Balal) ¢ J gt SMBSJ! juad duday dua 433l ol (A ALEL)
(0l oausS g L)
P Cogaid AR LIS Agle 5 685 Y A glal) uad play Jredd) 98 5 Salt ShoCKJb (rams Le Jas Lkl ol
(3 (Asd) dald) LY to S5 ¥ A S o€ 0388 S ¢ Mgl aladial a2e g g Jlad)
...... psandl (2138 g) Ly Aol Baad Cihadi Jao oy o5 Jakh 4883 30 — 20 53d %3- 2 lsne palis
(%99 () aiailly J g sl Aol 24 () Jucali Ba a9l (B A8 Y) 2y ranad CilS ) (lary 2o (aid
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Jadil) 3ale) Jd e adiel pUath alud bac Jand) (o Baagll Cibgii By, (5 i<y gl ApdeY) Glial
Al 38 S il Jas JuadY) g
sl Jgaall B il ld silal) dadla S asl Liadld a8

Bio-fouling gid st sl dbal) die sl gudalial) ApddY (g slasSl) Jawal)

NaOH (0.1% wt) + Na-DSS (0.025% wt)
@ pH =12, 35° C (max)

1- NaOH (0.1%)wt + Na;EDTA
@ pH =12, 35° C (max)

2- STP (1.0%) wt + NaEDTA (1.0%) wt.
3- TSP (1.0%) wt + NaEDTA (1.0%) wt.

JiaY Jad)

|| 4- Alkaline surfactant (as SDS) (0.025% wt)
5- Oxidizing agents .
(H20- + Peracetic acid) (for aetate cellulose membrane) Ahadl dglad
6- Non-oxidizing biocides.

7- Non-oxidizing agent:Formaldehyde + Glutaradehyde

8- Quaternary ammonium compounds (for polyamide)
9- Sodium meta bisulphite (SMBS)
10- Salt shock.

Jaza S G il gl gand) Joidd guiliisl) Juadl oy 11.5 51 12 pH ) dsash) Of sda s (Al an a3 g
Bala £ 93 Ao £3UY) quay (S g) il B b Jule pHJ) cadls M g (Sa La Judadl Casa ) Gl s
reddl S 11 ) 10.5 o 23 Y o Jead Llas 5 (Ra ) o3¢ Lglaati g sLial)

20

wn
T

Relative change permeate flow
n o
I ]

Oj—lli

L

pH 10 pH 11 pH 12

Figure 13.4 Effect of pH on ability of cleaning solution to remove biofilm and restore
membrane performance. Courtesy of Dow Water and Process Solutions.
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18+
16
14+

124

10+

O2% STPP +0.8%
NaEDTA@35C

Relative change permeate flow

o N A o0 @
1 L ) | 1

pH 10 pH 11 pH 12

Less Effective More Effective

Biofouling is best removed by cleaning at pH 12.

. (Organic-fouling) g}«bﬂ\ CH:‘SJM ‘.ﬂ“u-d\ gjl-‘:\ﬂ‘ M‘

Liild Na-DSSJ Lgrag 4o gl 13 gally o) aie oy, el g8 gl JaY) Jad) (ki g 4 e
syaadly ol L (e sl (e aldl

e dadly g el bl | 5 Cpal (610 Cabii) o523 e N g A glSl) 13 guall aladiead ga Jaaal) el

1 AN Jgaad) BT L ) 5lS g gl

(iSad) pralill) 4pde Y (5 glassll Jauad)
Organic-fouling ¢s<aal) i slé sl Ailay) aic

NaOH (0.1% wt) + Na-DSS (0.025% wt)

ey Jad)
@ pH =12, 35° C (max) Gial gad
1- NaOH (0.1%)wt + Na«EDTA
@ pH =12, 35° C (max) follwed by HCI (0.2%) , pH =2 , Ay J glal)
45 ° C (max)
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:(Physical-fouling) (it 81l zeidd oWl Cailiall (g glasSll Jawaad)

el b JAAY) Jald | feed spacerd! s sbdad) A JAasilt ol guda oo Bolke Al il i gLl oS 1)
ey 9l ... Na-DSJ) Lgza g A glsll 13 gually Jawitl) g8 g Gulild) (pe gil) aa sliaddid 1) JAaY) Jal)
.Detergents <lilaial)

19 Ol 2 923 g 1 i) e A gl 13 gaal) aladiiadd o8 Jads o Lgaa g Jad) (i aladin aitid Wabaad) cuils 13) 9
LG all (5 glassl] Jrdl) (5 gaa CuilS Gl g ... (5 geand) il gLl g gl 6B gl pia Liked LaS | il litanad | 35 (sl
(S (e U S3 LaS B g yal) Al Jaai Y

e bl g .. Sl LS (a9 60 (oo SH it 38 ) 585 LgSld (o 3y Capsaal 2 A Y) o S5 Lles
e (G $LERY Lpidaa L38Y) Baaly oM glue @3 e Jad) Jiil g AAal) Jadiind o) B plaal) Al ¢
Jalaty (e i g ., Adla s LAY ity Ulal 3 (1S ¢ g b 8 — 7 Jbday 5198 Jad JA) o adling ¢pa llin g
Sl D3 G ) b A (3l g ) qa LA olad) (S slay by o Jal) g

e e by Gl a3 g1, il a8 NS, 04 plai) pigd Saa) siall (o apsad) apeads] cull 13
593 JS Jual il 99 Bas B Ammonium citrate <l fiw a s sa¥) gl &l ) of claldlad) g €l ) ghu gl
3-2.5 (e pH s pdl Aol &uli g 4381 40

(suSal) paliil) Lpde Y (5 glassl) Jauadd)
Physical-fouling (b il zid sé galls 4ilal) dic

Silt fouling (suspended solids fouling)

NaOH (0.1% wt) + Na-DSS (0.025% wt)

L) Jadl
@ pH =12, 35° C (max) Gial gad

(For silica): )
NaOH (0.1% wt) + NasEDTA (2.0% wt) Aliad) Jslad)
@ pH =115, 35° C (max)

Metal oxides
(for example:iron deposits)

Na2S,04 (1.0% wt) @ pH =5, 25-30° C (max) Sl Jad)
1- H3PO4 (0.5%wt) @ pH = 1-2 , 25° C (max)
2- HCI (0.2% wt)

3- NH2SO0:H (1.0% wt) @ pH =3-4,25°C
4- Citric acid (2.0% wt)

Al Jstal
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2 (Scales) (iparSl) geid oWl Guilial) (o glansl) Jomatd)

Lgaa Jualaiil) aid o grcusiial) il g S g o gl il g S CuLST @) o B gl o il g3 KU 7 3af S 1)
sl o) £ 55 ) ALl Gaas o (Gsbibes i) £ 55 a) 518 gl (an plaSEaly (aalal) Gpudlly
o D il Jany g 23N 038 2 cOMplexes <L) jia (oS o8 9 (2 (re B Aaddia pH Jaadhy ¥ o)
(ulilas g 50 .93 eal) aladiiad) g8 g il gy Sl MY Aty Jola dllin

Detergant Glikial) (aey a8l Jadl) aladiv) of el ) s i) (e aladivd gf

.Quaternary ammonium compoundsd! Y-
Ol 2 833 0 | 1) e 4361 13 gacn iy Lgaa Jalail) A Saa gl & Sulphate clilud) ) sdd cuils 13
o S sdad 2 gal) 31 b recirculationd!s soaking adill e ... NauEDTA Sl i 1538 caal (51

(eiSal) palial) pie ¥ s sbasl) Jauad)
Scales g3 ) gdd cilaw i LlaY) sic

Carbonate salts scales
(CaCOz &MgCO0:s)

1- HCI (0.2% wt) @ pH=1-2,25°C
(For acetate cellulose membrane)
2- Acetic acid (for polyamide membrane)

1- Sodium hydrosulfite (1.0% wt) @ pH =5, 25° C.
2- Phosphoric acid (0.5wt) @ pH =1-2,25°C

3- Sulfamic acid (0.2% wt).

4-Citric acid (1-3% wt).

5- Oxalic acid (0.5-1 wt%o).

6- Quaternary ammonium compounds.

Al Jgtal

Sulphate scales
(as CaSO4, MgSO: and BaSQ.)

NaOH (0.1% wt) + NasEDTA (2.0% wt)

@ pH =12, 35° C (max) Jial) Jad)

A Jslal
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pm CALCIUM CARBONATE REMOVAL -~

Effact of Acid Type and pH on CaCO, Scale Removal
2.5
z A = Citric acid (29%) @ pH 4, 40°C
(s B=HCl@ pH 2.5, 35°C
@ 20 |C=HCl@pH 2, 35°C
3 D=HCl@pH 1, 25°C
= E=HCI@pH 1, 35°C
o LE P S
3
_'::" 1.0 |-
()
By
B o5
3
a@
o
0.0
C D E
Cleaning Solution
Lass Effective More Effective
K >y

Temperature and pH impact the performance of acid cleaners
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Table 6.3 Simple cleaning solutions
Cleaner 0.1wt% 0.1wt%
NaOHwith  NaOH with

0.1wt% 10wt%  0025wt%  02wt% 2% citric 10wt % 05wt% 1.0wt%
Foulant NaOH NaEDTA Na-DDS HCI acid Na;S;0¢ H3POy NH;SOsH
F)arbogate scales — - Preferred  Altenatve Optimal Alternative —
(e.g., CaCO;)
Suifate scales oK i == - e =
{CaSQ., BaS0s)
Metaiqmdeg ' — — — Alternatve  Preferred  Altemative  Altemative
hydroxides (e.q., iron)
Fluoride scales OK
Phosphate scales Preferred
inorganic colloids {silt) — Preferrsd —_ — — —
Silica Alternative  Altemative  Preferred — — — —_
Biofilms Preferred  Altemative  Prefered — — — —
Organic Preferred  Altemafive  Preferred —_ e — s

401 @l glasil A g3l 283 The International desalination Association s IPAJ! dwwwsa (a9

V. CLEANING CHEMISTRY
Basic cleaning chemistries are described in the table below and are referenced by membrane
manufacturers in their cleaning guides.
Type Action Typical Chemical
Acid Solubilisation Hydrochloric, nitric, sulphamic, citric
Non Oxidising BiocideBiocidal DBNPA, Isothiazolin
Caustic Hydrolysis, Solubilisation NaOH,
Chelant Chelation EDTA
Detergent Emulsifying, dispersion, surface conditioning [STPP
Oxidant Oxidation, disinfectant Hypochlorite, ozone, hydrogen peroxide
Surfactant Emulsifying, dispersion, surface conditioning [SDS
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Table 1: General rules on the use of cleaning chemicals in relation to the type of fouling

Foulants

Description

Effects on RO performance

Method of control / cleaning

Scale

Precipitate of sparingly soluble
salts (minerals) caused by the
concentration of salts in the

teed/brine solution during passage |-

across the membrane surface.
E.g.: CaCO,, CaSQ,, BaSQ,,
8r.50,, Si0..

- Major loss of salt rejection

- Moderate increase in differential

pressure

Slight loss of production

- Effects generally occur in the final
stage of the membrane system

- Lower recovery.

- Adjust pH.

- Use scale inhibitor.

- Clean with citric acid or EDTA-based

solution.

- Clean silicate-based foulants with

ammonium bifluoride-based solutions.

Colloidal
Clay / Silt

Agglomeration of suspended
matter on the membrane surface.
E.g.: Si0;, Fe(OH)s, Al(OH),,
FeSi0,.

- Rapid increase in differential
pressure.

- Moderate loss of production.

- Moderate loss of rejection.

- Effects usually occur in the first
stage

(Uttrafiltration as first step.

- Charge stabilisation.
- Higher Feed-Brine flows.
- Clean with EDTA or sodiumtripoly

phospate at high pH.

- Clean silicate-based foulants with

ammonium bifluoride-based solutions.

- Lower recovery

Biological

Formation of bio-growth upon
membrane surface. E.g.. iron
reducing bacteria, sulphur
reducing bacteria, mycobacterium,
Pseudo-monas.

- Major loss of production.

- Moderate loss of salt rejection.

- Possible moderate increase in
differential pressure.

- Effects occur slowly, steadily.

- Sodium bisulphite addition.
- Chlorination with or without activated

carbon filtration.

- Clean with EDTA-based solutions at

high pH.

- Shock disinfection program with

formaldehyde, hydrogen peroxide,
peracelic acid.

- Ultrafiltration before RO.

Organic

Attachment of organic species to
the membrane surface. E.g.:humic
acid, oil, polyelectrolytes, grease.

- Rapid and major loss of
production.

- Stable or moderate increase in salt
rejection.

- Stable or moderate increase in
differential pressure.
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- Filtration with active caroon.
- Cleaning is rarely successful but

isopropanal or proprietary solutions
have been effective.
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Table Preferred cleaning solutions for specific foulants and scale.
Species Dow-FilmTec Hydranautics®<=
Sulfate Scale | 0.1% caustic, pH 12, 2.0% sodium tripolyphosphate,

30°C pH 10, 45.C
Carbonate 0.2% hydrochloric acid, | 0.5% hydrochloric acid, pH
Scale pH 2, 30.C 2.5,45,C
Silica Scaling | 0.1% caustic, pH 12, 0.1% caustic, pH 11.5, 35.C

Iron Fouling | 1.0% sodium hydro-
sulfate, pH 5, 30.C

1.0% sodium hydrosulfate, pH
11.5, 35,C

Organic 0.1% caustic pH 12,
Fouling 30.C followed by
0.2% hydrochloric acid,

0.1% caustic plus 0.03% sodium
dodecylsulfate, pH 11.5, 35.C

pH 2, 45.C
Biofouling 0.1% caustic, pH 12, 0.1% caustic plus 0.03% sodium
30,C dodecylsulfate, pH 11.5, 35.C
* CPA membranes only gl
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Permeate flow  Salt passage  Differential pressure  Direct cause Indirect cause Corrective measure
i Free chlorine, ozone,
1 f - Oxidation damage kN0 Replace element
1 0 E iiorbrane o Permgale backpressure; Replgce elemgnt, improve
abrasion cartridge filtration
1 f - O-ing leak Improper installation Replace o-fing
i f - Leaking product tube Dermaged duryg oot Replace element
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: ; o Cleaning, improve
U () 1 Colloidal fouling Insufficient pretreatment oksainent
o Contaminated raw water, ~ Cleaning, disinfection,
v - fi Biofouling N .
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I e U Organic ouing Qil; cationic polyelectrolytes ~ Cleaning, improve
waler hammer pretreatment
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Cleaning of RO Membrane

RO membranes get fouled with suspended solids contained in the feedwater or
with sparingly soluble salts, as minerals are concentrated. Pretreatment is
done to reduce the fouling potential of feedwater but inspite of that fouling
occurs over a period of time.

Symptom of fouling

Decrease in Product flow.

Increase in salt passage.

Increase in differential pressure

Deterioration in permeate quality

Increase in the differential pressure across the RO stage.

- g ol

Indications that the system requires cleaning
1. A 10to 15 % decline in normalized Product flow.
2. A 10 % increase in salt passage.

3. 15 % increase in differential pressure.

Types of Foulants

1. Inorganic fouling — Like Calcium Scales or Metal Oxides

2. Organic Fouling - Example Humic Acid

3. Particulate Deposition or colloidal fouling —Particulate matter
4. Biofouling

Types of Membrane Cleaning Solutions

The number of formulation for cleaning solutions is varied but we are
mentioning only the common type of cleaners used for most common fouling

problems.
) 0.2 % HCI
Inorganic Salts 0.5 % Phosphoric Acid

2.0 % Citric Acid

Metal Oxides (Iron) 0.5 % Phosphoric Acid
1.0 % Sodium Hydrosulphite
0.1%Sodium Hydroxide,30 °C

Inorganic Colloids 0.025 % Sodium Dodecylsulphate

{=it) 0.1 % NaOH, 30 °C

Biofilms 0.1 % NaOH, 30 °C
1 % Sodium salt of ETDA and
0.1 % NaOH

0.025 % Sodium Dodecylsulphate
0.1 % NaOH 30 °C

0.1% sodium triphosphate 1.0 %
Sodium salt of ETDA

Organics
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Pressure drop
between
feed and reject.

Pressure drop
between feed
and permeate

Permeate
conductivity

Acid dosing

Instruments
Reading

pH meter
calibration
& control

Troubleshooting Guide

Has not increased
by more than 15%.

Has not increased by
more than 15%.

Has not increased
by more than 15%.

Is within
recommended
value.

Verify by calibration
and carry out of lab
check of the
parameters the
instrument is
monitoring.

The pH controller
generally controls acid
dosing pumps. The pH
controller should be
calibrated periodically
and tripping of dosing
pump to the set point
should be checked.

More than 15% indicates
fouling of feed path and
membrane surface.

Requires cleaning

More indicates fouling
of membrane surface.
Requires cleaning.

More indicates fouling
of membrane surface.
Requires cleaning.

More can cause membrane
damage or sulfate scaling.
Less can cause carbonate
scaling or metal oxide
fouling.

Wrong operation False
sense of security that
everything is OK.

More or less acid dosing
than required.Effect
of this has already been
mentioned earlier.
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Foulants & Their Impact

Possible

Foulants Location

Metal Oxide 1* Stage

Colloidal

Fouling 1 Stage

Scaling Last Stage

Biological

Fouling Any Stage

Organic

Fouling All Stages

1¥ Stage
(Most Severe)

Oxidant(Cl*)

Abrasion 1¥ Stage
(carbon,Silt)

O-ring or Random
glue leaks

Recovery too All stages

high

Pressure
drop

Normal to
increased

Normal to
increased

Increased

Normal to
increased

Normal

Normal to
increased

Decreased

Normal to
decreased

Decreased

Permeate
Flow
Decreased

Decreased

Decreased

Decreased
Decreased

Increased

Increased

Normal to
increased

Normal to
Decreased

Salt
Passage

Normal to
increased

Normal to
increased

Increased

Normal to
increased

Decreased to

increase

Increased

Increased

Increased

Increased

log sheet - sample.doc

4

1(puSal) alill) Baa gy ald | og sheet o 2 gana daa) (udigall Uaal g

Area Parancter 08:00 | 1000

1200 | 1400 16:00

1800

0400 | 06:00

PRESS.( BAR )

BWP Flow (m'h)

Current ( anmp )

PRESS ( BAR )

BWP Flow (m'/h)

Current( amp )

PRESS ( BAR )

BWP Flow (m'/h)

Current( amp )

1P PRESS. (BAR)

Sand Filter!
OFP PRESS. (BAR)

1P PRESS. (BAR)

Sand Filter]
OF PRESS. (BAR)

1P PRESS. (BAR)
Sand Filter]

OF PRESS. (BAR)

1P PRESS, (BAR)

CanFilierl
OP PRESS, (BAR)

1P PRESS, (BAR)

CanFilter2
OF PRESS. (BAR)

1P PRESS. (BAR)

CanFilier3
OF PRESS. (BAR)

Feod ORP m

m Fead / Product
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Daily logsheet -( ?m’/ day)
RO Train( )

Area Parsmeter 0800 | 1000 [ 1200 | 400 | 1600 | IX00 | 2000 [ 2200 [ 0000 | 0200 | 0800 | 0600
P Press bar
OF Pross bar

FCV open®s

HPP

Run bous

Ol fevel

Current (amp)

Produst flowim' h)

Repct flonm Vh)

RO
1P Press bar

OF Press bat

Conductivity

FFP Flow (im'h)

Current ( amp)

Head (bar)

Compressor Run Hour ( hr)

Air pres, vessel(har)
TRANSE1(KWH)

Power suply | TRANSE2(KWH)
TRANSE3(KWIY)
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RO TORAY Membrane training manual.pdf

z 7 s 7
TORAY RO Shut - Down Procedure - S hort term shut down - TORAY

Short - Term Shut Down
Short-term shut-down is for periods where an RO train (plant) must remain

ater. It is recommended to out of operation for more than one day, but fewer than four days, with the RO
h the brine and permeate line to elements in place.
on effects.

Prepare each RO train as follows:

1 | * Flush the RO section with flushing water, while simultaneously
[*— % Air break : Open venting any gas from the system.

= - Flushing water Temperature : 5 - 35degC
pHRange :3-7
- Sea water RO system : pretreated feed water (no chlorine)
Brine & Permeate : - 2nd pass RO system : 1st pass permeate (without any chemicals)
Close (if no loop) + When the pressure vessels are filled, close the valves.
N Biine + Repeat flushing at every 12 hours.
' ‘ Parais + Do not exceed permeate back pressure limit at flushing (=0.7 kg/cm2)

| Open permeate side valve to prevent excess permeate back pressure |

Baa) g Ade V) Bada af avhedl) dlee Liay ald L3S0 gf el GO Juad AL ghs aial (88 gl o1 2B
A 4 glassl) 3 gal) (e
b agigall il slall b Gigdi il g SMIBS culilas sLlisall 339 A 5 5 pgdd) Balall & Jadal) -]
¥ Aa) 3 o Y pHy daslall Laidiasliag % 2 — 1 S8 Adal) oda & pliady,, culilu
PHJ) Arilia caagg .. (el A 23V pLES ) g Jaudil) aay LD jely g A8 ¥) Balad (Mad Eiany
salall 038 5 ... SMBSJI g pLgsil g iy p<l) aas ) Lgdsas Lalina 3 5o Ll g3 (Yl iy
Vg sl sl e e Ll aiiad cuag 1A L) gal aady il (S oY) i il glaa
NaOH 435l 13 gual) ALl 3 sk 6 pHUJ) dassda an g ... quildl) CpaaaS oY) (aluaiia) & LgipliS cuadd
La gy Jaiall g pHJ) dadbia g .. (50 psi (Msa ) Sk 4 — 3 o Aaaal) Jaiva Jada oy LS,
Jodae A o (ypilarie ., 3 el dilad) (34 ciad gl 6- 4 (e Wiiada SMBSU) 82k
@ JuS AN dada gl gy Jgaad) 138 g . 8 sl o2 paty Ladie A daslly il (gl o 533 all (A8
PLPHIE(

Solution life of sodium bisulfite (SBS)

Concentraion (wt%b) Solution life

10 1 week

20 1 month
30 6 month
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Inorganics CTARejection TFC Rejection inorganics CTA TFC Rejection
Rejection

Sodium 85-90% 90-95% Fluoride 85-90% 90-95
Calcium 90-95% 93-98% Phosphate 90-95% 93-98%
Magnesium 90-95% 93-98% Chromate 85-80% 90-95%
Fotassium 85-90% 90-95% Cyanide 85-90% 90-95%
Iron 90-95% 3% Sulfate 90-95 93-98%
Manganese 90-95%* cm [ ETP IR G
Aluminum 90-95% G Arsenic+3 60-70% T0-80%
Copper 90-95% 93-98% Arsenic+b 285-90% 93-93%
Mickel 90-95% 93-98% Selenium 90-95% 93-98%
Zinc 90-95% 93-98% Radioactivity 90-95% 93-98%
Strontium 90-95% 93-98% Biological&Particle

5
Cadmium 90-95% 93-98% Bacteria =99% =09%
Silver 90-95% 93-98% Protozoa =99% =99%
Mercury 90-95% 93-98% Amoebic Cysts =09% =09%
Barium 90-95% 93-98% Giardia =0090% =09%
Chromium 90-95% 93-93% Asbestos =09% =89%
Lead 90-95% 93-98% SedimentTurbidity =0090% =09%
Chloride 85-95% 90-95% Crganics
Bicarbonate 85-90% 90-95% Crganics MW=300 =80% =08%
Mitrate 40-50% 85-90% Crganics MW=3200 0-90% 0-99%
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At the natural pH of 7 to 8 of most waters used in
desalination the predominant species is boric acid in
molecular form.

At these pH values, the percentage of the non-
dissociated boron species B(OH), is between 99.3 (pH
7) and 93.2% (pH 8) of total boron and the percentage of
the charged B(OH), is 0.7 to 6.8 % respectively.

1l Crgl () el ey 5 gl) Jga Joldn )

Boric acid Borate ion
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Boron Removal depending on
temperature and flux

Calculation for one pressure vessel of seven 8” elements
Feed: TDS 39,000 mg/L at pH 7.6,
Boron concentration 5 mg/L
APF, gfd
5 6.7 79 91 103 1.5
18 A
~ 161 -
é’ 14 1 a e it D — = 25degC
E 1.2 4 "---_.._n_‘“_” A ——o0-—15degC
EU-Limit | 3 e et
8 0871 O<.___ T g
WHO-Limit| § °° Skttt o ST
=Limi gl = ey
02
o] T T T T T
95 15 13.5 155 17.5 19.5
APF, L/{(h*m2)
APF = average permeate flux, gfd = gallons per square feed and day

Jh g $904; 9la da 52 25 818 da e aie Gaalal) B e a1 e BB U ) deal e L ALl B puall
TPHY s 193 da ) Gl i (ygalall g 3 0.5 () Jead ¢ g
o £ AT 1 Ltay)
(High %e%) Ga e s il psiiul LS5 qisis Jagiall Jagl) ol st Jlo i dul iy
Cosldl B sl 6.6 ouusd dawd culsy . diaddy iy s rejection SWRO)
1 AUNS pHJ) il 32 g

Sl A Gausa) G %90 — 85 (x palddll al L el olial 3 aaall A9 8.2 = pH e -1

o U Apd ilS Jadlly ) i N A Qoo (m %98 (e ST e alddl a3 10.5 = pH Xis -2

(OIS aa) G galal) B e 5 0.1 Y Cura )
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Two pass partial seawater desalination for increased boron rejection.
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Figure 1 Ratio of Boric acid to Borate ions as a function of pH, [4]
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H,50, NaOH

l 2" Pass
eed, [:[% }LS—#W
€
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2" pass Concentrate 2™ Pass

Concentrate Blend 'Concentrate

-

Ay ... oosll A1) Chagy 400N Ala jall 3 6Y) Al jpall (1 Cia ) a5 50 a0l a daida gal) Allad) A
) e gl (A Ama (g A S J guanll gy aSaill ady AUl Ada jall jay (3 Cipa
This figure represents the partial flow to second pass scenario with brine circulation to
the first pass feed. Partial second pass reduces both capital and operational cost of the
second pass, while the amount of the permeate by-pass is used to control the Boron
concentration of the final product. Mixing the brine from second pass with the raw feed
water can reduce the feed salinity before the first pass and hence reduce the operating
cost.
soalall ol b B A gA B aige Bl iy (e Bl Al A ARl gilidl)
Hassan K. Abdulrahim and Mohamed A. Darwish, “Economic Evaluation of Different
SWRO Configurations for Efficient Boron Removal”’, Membranes in Drinking and In-
dustrial Water Production Conference, February 6-8, 2017 Leeuwarden, The Nether-
lands.
S8 5 (1) %96 (N Juali ey Gl O paldill Lasad il B A8V (e gl s Jadlly caiia S
High boron- rejection SWRO membranew 4d&Y) ¢ g1 63 o2 ety ... (& ... dialdy o) g
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1S e udigal)
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Lewabrane® RO S400 HR elements are spiral-wound, composite polyamide membrane elements designed
for the desalination of seawater. The S400 HR membrane is characterized by an extremely durable, highly
cross-linked polymeric separating layer suitable for high salinity, high pressure applications. The
Lewabrane® RO S400 HR membrane element is recommended for single pass applications where stable
salt rejection performance during the expected operating lifetime is an important consideration.

General Information

Metric units

Feed spacer thickness 0.8 mm 31 mil

Membrane area 37.2m? 400 ft?

Salt rejection, av. 99.8 % 99.8 %

Salt rejection, min 99.5 % 99.5 %

Boron rejection, typical 93.0 % 93.0 %

Permeate flow rate, av. 24.6 m'd 6500 gpd

Permeate flow rate, min. 19.7 m’/d 5200 gpd

Elemnent is tested under the following conditions: applied pressure 55.2 bar (800 psi), NaCl concentration 32,000 mg/l (or when tested on a mixed solution
of 32,000 mg/l NaCl and 5 mg/l Boron), operating temperature 25 °C (77 °F), pH 8 and recovery rate 8 %.

taa Al 4 JlaS G ) 5ISAl) il
S139 (51595 AS i Jia ¢y g9l A1 Y Alle BeliS cld Apde ] Lty Apde M Aqiial) (g ) CilS Jdl) (any Cuald g
ToaSiig b g
1. Toray Industries Inc. developed membranes known as TM820A-400 and
TM820C of 93% boron rejection, and TM820E-400 of 91% boron rejec-
tion ;
2. DOW Chemical Co. developed membranes known as SW30XHR-400i of
92.8% boron rejection, SW30HRLE-400 of 91% boron rejection,
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SW30XLE-400i of 88% boron rejection, and SW30ULE-400i of 87% boron
rejection, and

3. Hydranautics developed membranes known as SWC4+ of 90% boron rejec-
tion, SWC4+B of 95% boron rejection, SWC5 of 92% boron rejection, and
SWC6 of 91% boron rejection.

1 odaal)
M. Faigon, D. Hefer, Boron Rejection in SWRO at High pH Conditions versus
Cascade Design, Desalination. 223 (2008) 10-16. doi:10.1016/j.desal.2007.02.070.
1LUS ) daaa udigall

4l glsdl Ay ... "food grade ion Exchange' atiie basy gsie RO atdia 430 s 33 dgay

sLad gl cpaa (AT Gee 6 A9 ... purolite
& Dowex xus-43594. Amberlite PWA10
Qo g Ao stability o A ) Adagyg a0 e complex ¢sss 4l 5 il g
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DOWEX-psR-2 Jia cudluadl g ) illy duald ¢ gif ellia g

1S dana (uaigal) 3 e g
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A gally Aualil) qu pdid) sla ey i atli O g 0815 ..

3535 Aands ) aa s a9 Lnallall ciliaal gall aa (3855 Y Ulial g .., L dald il ga Lgd A ga JS ¢ Sliei g
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JAS B jilaala 5 g, L) i
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K. Rahmawati, N. Ghaffour, C. Aubry, G.L. Amy, Boron Removal Efficiency

from Red Sea Water Using Different SWRO/BWRO Membranes, Journal of
Membrane Science. 423-424 (2012) 522-529. doi:10.1016/j.memsci.2012.09.004.
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:LCK 307

426



7k Qs sl St o2 —W‘@wy,@sufwamu
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&>’ pr/2soo Boron
Method 10061 Azomethine-H Method*
s Powder Pillows LR ‘002 10 1.50 mu/\. as B)
Scope and \I'I'I“-‘“““f For testing low levels of boron (boric acid or borates) in drinking water, cooling

waters, or wastewaters

erature should be 22-24 ,..'.‘ 75 "F) for most accurale ros sults. I outside this range, measure and record the

* SAmMpio 1omps
IMPie tormpe Jo Tormperah (jn; nsation on page 4

o == el U U‘D‘+

—

-t

ll

- s of
§ 2. Fill a clean plastic 3. Fill a second clean 4. Add ten drops o
B sample cell to tr\c 25-mL  plastic sample cell to the  EDTA Solution, 1 M, to
gy 7 i mark with ultra-pure 25-mL mark with sample each cell. Cap and inver
Select program water (the blank). (the prepared sample).  each cell twice to mix.
45 Boron LR.

Touch Start.

10808 (bl (Gl Bas SN Gaga (42 g1a g paS untigall
1- by using spectrophotometer (HACH) there is two method

1- carmine method for range ( 0.2 to 14) ppm as B.
2- Azomethine-H method for low range (0.02-1.5) ppm as B.
2- by using Atomoic absorption spectroscopy (graphite furnace)
3- by using ICP OES.
Atomic absorption spectroscopy and ICP OES you should have the bulk
standard and prepare a calibration curve and make analysis is acid solution
5% HNO3.
Boron analysis by Hach spectrophotometer: you must have any hach spcro-

photometer & the reagents.
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O Alad) @ 3288 Carmine method J) Ay sk daldd) dlla 48 14l J) gailall (e 8 32 jmall 03
10908

<. DR/4000
\@ PROCEDURE BORON

Carmine Method*

(0 to 14.0 mg/L)

N

Method 8015

Powder Pillows

Scope and Application: Forwater and wastewater: The estimated detection limit for program mumber 1250 is 0.4 me/L B.

* Adapted from Standard Methods for the Examination of Water and Wastewater.

Summary of Method
Boron is determined by its reaction with carminic acid in the presence of sulfuric

acid to produce a reddish to bluish color. The amount of color is directly
proportional to the boron concentration.
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Post treatment section (Final treatment)
e I g (a8 L By 68 (e Cladia ol pley g sTiur Al g AdyLad) ciLEBLY)
ALY (ra g gAY amy Ada ja AT A Ml Al jat olual) dadlea Ja dle (3lhay La ol Al dallaal) Ll g
. Lari gl
e rsllaall Al aATY) oy Lay 4ol g3 Jagial Ayl Aallas ) RO Baa g ¢a gictal) slall gling 1) g
stabilized \Lgildtaa ol dyie slia ey alidindl] dadlua L3ie olpa (Ao Jguand) Ala jal) 02 (e g2 3l
MEd ... dall gl AIAR g oLl aladiudl gl Ay A DAY ol B gl il elaS aadiudd fresh water
Aallaal) 4o g5 Al g Adldlaia g ddliual ga 4 a2 S5 ...
oo LB LaS L (y2a yal) g daiial) olpal) dagd oo 13 8 2 afad | gal Bae dyilgdll dpllaall (aiali a8

Allae ) Lsadl ol SN

AR |

PH 2 sumgd) ol g 4 sl Jpaas -2

Y S iy el bauda -3

A Y £ 55 -4

(195991 9 dpaadinl) (398 AV g 8 plSlly Al aianl) 5

Ultrafiltration <l 3 &Y -6
ol Ao 3 e O 1 80 1,008 Al Aadlaall £ & o g O G - L) gaand g - AiLS
oo Aeadld LBl Bac g (ELAD 13 B at) ags a8 ) clBaadlal) g JalAl) (lansy KG9 ADEE ] 5 (peiSal
e B2 A 505 8 5 93 Lgd AT ol B Lilalg

rc) Jlad) A3l oY) T g

. Degasification ‘;'uw‘ ;UL)‘ -1

LS g A L Lgaa gl LAl has e Ly i il glad) asan Jo J RO rmiSal) gridalitlly Atasl] ¢ @ (e U S3
sl i U sy L " Acid gasese'd) o dsdaaall il jlad) Wade (alay g Cun g sgd) 2 S g & g9 S
& g aa e 3 ad 8 Al Jaay Laa S iy e 3 S ciliadi aal i ate g Al O3 sl) s
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(it 9 Al ) Al B ROY) dagbe s ja b i JLad) £ 35 leny 85 1M |, permeate Aaiiall obsall
A g A B Jiaial) ¢ 53 8)) (e alddl Eua Decarbonation ossl A ) Ades i e ) &) ) s ey
7.5 A 6.5 G 255 Miad AlalS A 3 1y 35 2B g) pHJ) L Ml ., (g8l laaa o) uild) &g <
Aoy o dainy i g ougd) G A il g L, (B9 0B Bas sl pH meter J) aladialy ¢lld dajlia gl g
(Degasifier) i jall g 30 jlga arxdid Ui 8 Gadlis dls jall oda g ... 3 g8dal) jlal) 88 d1aS g olpal) Gl
... (Degasser).sl

s ulilied) (e auaall <l 3lad) £ 50 1 St.St vaccum degasserd! Js<a o3a g

Vacuum gauge ‘

' r \
Sight glass Coerrol pancl |

| |
Transfer pump

Vacuwm pump i

| ¢"

o

f 2 P - AV O Vacuum Degasser

e s edipall cind

St.St ) padiey 438 400 Y) ddluaa Ao Lial€i 1) Sy ., 2l @)l B Ade i jlatia £ guda 90 43 9630 7 2
s liquicel alaiiu) aid Lala juss saic aias ¢l (Saal) ¢ gl ... hot watere 4adal 24 ¢ degassifer
vaccum 9 air stripping aliiubs dae 423 85 s Wgadiad ol g sale Gabia g (A g2 i soaa ¢ B ke
il G g g 9 (12 Sl ) (A g il (S (1 alil) o5 pUMP

:Liquiceld! 3 g s g
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s o Cpal udigal) Guinl

Gl (lSall (e 81 gd) sy i (3l (lSa JANa 039 g Al B i Jad) g 3L g e b Aigala aa
O SI CO2 s SN dsmS o AL e ABUS 0 Cun g ., (3lall (Sl Gl L vent ) de cl i) z 93
2l 2 CO, H circulation Giaag g 13Sa 5 ) Sl i ga g AT 3 e Jan g Jial ) Jasgd o1 gl A8LS
o4 COp iy ¥ ia (gliall Glsall 7 A G gl o (1585 ) sl (1) Ade il 0198 (o g My
strapping Ji 4slaad Jalal) £ sl aa 5 AT

19l o a daa udigeal) et

Degasser G o il ¢ paldil) dda ja ad R, O, Jodg Axilai¥) dadleall Jal ja (e Aa ja 33 g
chemical fouling <t S g < 3 <Y 3 dppaal) @l jladl (e galdill dli g Degasser fans.sl tower
lpall Ao o1l Ui g Adli¥) Apleal) (T dagea dda o (2 9 i i) (ha il A g piall A8y ) by ..
RV

:_L_SJU"M g):a daa g.u.ﬁg.n.“

s3] 4 chemical fouling <lis Slly <l psl) 3l oS8 atd A0 Jaljal) b il g 35 ol
aolls Ala 1) 338N 38 Degasser fan Degasser tower s cua s J giua Ui ) cildasal)
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;_Jle.'d\ A4 \_)JU L_)A.L'I.Q.A.“
Qs PHJ) &) ol ¥ G Aplatl) e @il @580 wS) G e paldill cllasal) gas) B A58 7)ol
S gual) d3Ls)

14 lal) Jaat 2
oo T A1) g S} praliil) e a9 A A obsall (DH) (A sl Gudl) Gadddy o) el (e
oaeal) Ala) Lie Jual) B Al o2 ) Juai ol US 1) 138) ., 6.5 — 5.0 e graeasd (a3 o Ao Ji
ebadl) e driiaal) Al sl ol gal) Ao ASUS ) jis o SLE Y 1A g, (Al Apdlaal)

A 181 il isa g Lails Al LSS 4 alidi) g pHJ) ¢ Gaati LS g ., s AN Gabaall g pala ) g
SS9 il g Sl g il g SN audally 4 G e Al glal) g Ballinal) AT CS sall g .., Apaalall
wee SLall B il ¢y g 810
181 aad) plamy &l i )
aala g B Gt Lgtnha L8 Gan Y a¥lal) G S B age 08 Y) 308 (aaal) dBLi) -1
Sia 5.5 3933 & (Permeate) Aaiial) sluall ¢y g
il gy S Al Gl g3 Sl 730l adina J g A oY) Apdlaal) s e B A Y) S8 aalall d8La) xie -2
dald) 4 olal Ao ceall g Aiiial) il g Sl g LS 5o Sl (e galdi allyg L, (gauSl sl Al
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slaal pHJI (2 gLl g daiial) olgall 8 pHJ) Gl qun Laa rejectd) g (pomudlS &l g S
Al olpa (8 i )
b Y A bl A IMA (e LilE LaS jay adally Lial g8 plall B il ¢y g0 SN asaS gl AU -3
M i gy SN e (5539 ... (Permeate) dadiall sluall 8 aa) gid Ailal) <l Jadl 485 98 0 Jaa
PHJI) 8 A3 ¢ g Sl dpaS gl A A ) LalSy L, A gt Al (28R Gy
O 45 ALl g pHY add o aalud Lyl dndala dad L Antiscalant Jgddl) cilalas gy -4
RUTTBC IR g L g
eedall oa Lad
o o ARG ) g ) B0 5 Bk Aty (0%
:fia PHJ) 289 & 518l st AN (b Yiariaal 30 gall 020 JiS] g
Y Addal) B a g (Jalal) Adlala B pHU) Coalile slpall anda o 185 Y A ) A gl 13 gl -]
Lalasiy
Lladh als pdd) Garg dasiind g KOH a gaulisal) dus g 0 -2
.(Soda ash) (il 13suall) a s guall sy S 4éL) -3
.Sodium bicarbonate as:sall <l s S ddla) -4
.calcite filter cartridge cuwl\S) jith oz -5
L i (1 ) 1Y A oLaas 830 sy AT PHU) A @) 1) Lali ¥ clan b (pamy ¢ LSS sl
5By ULy g Lol e gl a1 g ¥ e ands il S (aany Lgla s Gl b pH
S A3 ¢y galay 3 il )l B Gyglaladly ., Gl ) (en DGl
1R ugal 3 oe Ua diaadtiag
NaOH a g pall S 5,00 4 Jana 48 -1
1oAY dlhaia A o g1 geall 2 g pa ABLa) -2

S 6 3
:NAOH p g2 gl dausS 5,08 48 s S 4dis -]

J:‘S‘UJLJ,J‘M-A%SO-48 JJ&&&M@A&DSJJM\&JJ’J\QA@&JM‘ KYUPL Y PRT.Y SMY\USQ
o Al pliay 8 Aia e i Lidas
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Euay iial) olual Lgidlia) igthallg .. %15 51 %30 S s lagall (o (e 38 5 panics W) oo dladivi L
e BT AN a3l N pHJ) B3l gl ABLGY) s .. salal (B 55 5 1agall S 8 QS
oy i) gy 58 1) a4 jaa ) o pllaal
gl olaa A Ggalall A s a5 () J g sl Lgtilia) o glhaal) dpasl) 48 s o gthaall g
ias g A Lgldat G s & Bas i) 3 pin
145 giall Apailly 5 3N ppdant N
2l oS 30 Linial (%100 Ak Salal) o Gl BL) 13 gual) | 98 (ha Sia %30 S5 A Jganl) Laf ol
15 Ciniai 1) ., JaSh 450 50 jdaat 4y 6 LS gl culill) pa ) olSh) ¢pa 408 sluall (e 50 100 ) glall (e
JASA g al > sbs
sbal) o ST 100 () gelall (e pla 9LS 12,5 Ciadai 13 gual) 9 (e Sa 9412.5 31855 e Jgaadl Lai ol
JISA 9 o) 2 5LS 6,25 wipad 13 ... ki i1 50 judaad N US o
qiiall ola (b (ysalall B g2 5 ) J e sl Lgtilia) o glhaal) Al A8 jaa o glhaal) Ll
(0nsSh Csa S 85 A Gl el 7 5 o5 38 5) A0l Alalaall g 1) o

= (PpMJb dallaall slsall & 4y glassl) Balall 3.8 ) (48 sall) ad) A Gileaa

1000 X 4 shaisl) 5alall Lo o) AR X 0 508 31 X 2 gl B il Ciliaal) anal)
poy/asa fia (b ghassl) Lgd ¢ shanall 433300 ola) olsal) das

s3]l & UL LAl aaall ga Alilaall B J sgaal
e p3]) (B 120 il Gaalall B s a5 5 Jual S L A S k)

For preparation 12.5% of Sodium hydroxide solution as follow

12.5% NaOH = (12,5 Kg x.on / 100 liters y0)

Dose percent calculation (PPM)

PPM= (Chemical dilution * specific gravity * liters consumed per day * 1000)
Permeate flow (m‘/d)

Reverse osmosis plant production 500 m3/d and Inject 20 LA of sodium hydroxide solution
of 12.5% calculate the Injected dose percent of this solutlon?

PPM= (Chemical dilution * sped avity * liters consumed per day * 1000
Permeate flow (m"/d)

PPM= (12.5/100) * 20 * 1* 1000
500
PPM =5 PPM
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Post treatment section (Final treatment)
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I'M DREAMING OF A WHITE
PRECIPITATE!

I'm dreaming of a white precipitate,
Insoluble solids, white as snow.
Formed by silver and chloride, not bromide and iodide,
Those are tan and vellow, don't you know?
(We don't like vellow snow... so...)

I'm dreaming of a white precipitate.
Ksp values really low.
Most silver halides are solids; that's right,
But only silver chloride is white.
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The Spectrum of Light

X-rays Ultraviolet Visible Light | Infrared
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uv B
b
f
S o I
B A \
SEPENS S
\ ) 100 200 ;280315 400 780 Wavelength (nm)
Y Peak Germicidal
\ f Efficiency 264 nm

y UV-C Radiation used for disinfection is most effective

\QV at a wavelength of 264 nm.
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Dissociation

of Ozone with
254 nm UV

Ozone Molecule (03) 5 Oxygen Molecule (02)
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Figure 3.A-4 Requirements of purified water in bulk

Requirements of purified water in bulk

Testing parameter
Properties
Microbial count

Specified micro-organisms**

TaC

Conductivity

Mitrates
Heavy metals
Aluminum

{1l mtended for use mm the manufacture of
dialyzis solutions)

Bacterial endotoxins

{if intended for use in the manufaciure of
dialysis solutions without a further
appropriate procedure for removal of
bacterial endotoxins)

Maimum 0.5 mg/ml

Specification Ph. Eur.

.L'J:ar, colorless .

Not more than 100 CFU **#
(colony-forming units) per
ml*

Pseudomonas seruginosa ¥4

and Escherichia coli not
detectable in 100 ml

Meets the
reqUIrements in
General chapter
Zhd 1o

Not more than 4.3 pS/fem at Meets the

0°C requirements in
General chapter

<hd 5

Not more than 0.2 ppm

Maximum 0.1 ppm

.M aximum 10 ppb

Less than .25 1L m] -

* The microbiclogical quality is verified by monitoring. The value is a recommended action

limit.

** No pharmacopoeia requirement, verification only as part of monitoring

*** The monograph refers the user o General Chapier <1231> Water for Pharmaceutical

Purposes for microbiological guidance.
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: DRINKING WATER
If
SO mﬂ?;m?a‘(’geel {Complying with US EPA NPOWR
‘ purifcation or drinking water requlations of EU or Japan
’ or WHO Guidelines for Drinking Water)
| J
; i
WATER FOR SPECIAL ol st |
PHA:‘%::SUET’SCAL 2 Softening Roverse Osmosis |
7 Dechlorination Distitation
| (e, initial cleaning, API Deammonification  Ultrafitration
| process and ingredient waler) Organic Scavenging UV Light }
: e O L R
| WATER FOR HEMODIALYSIS |« .
L ; /‘_/ _L____\
; o Distilation o |
[ Unreactive w equivalent
Packa |
A% — PURIFIED WATER (" [P0 | WATER FOR INJECTION
L chemicals and
WATER FOR mictoorganisms |
HEMODIALYSIS e
(bulk packaged) Packaging and
i Starlization
| CLEANING AND
ANALYTICAL
REAGENTWATER [ | g {
Ty ——— DOSAGE FORMS
CLEANING AND
INGREDIENT WATER FOR
NON.PARENTERAL [+
DOSAGE FORMS WATER FOR INJECTION (bulk packaged)
STERILE WATER FOR INJECTION
— /e STERILE WATER FOR IRRIGATION
Stenfization J}e————  Packaging | BACTERIOSTATIC WATER FOR INJECTION
Nt e STERILE WATER FOR INHALATION |
! PURIFIED WATER
STERILE PURIFIED WATER | | (bulk packaged)

: palaall alad

claladiny) pan A City water 44l sbw i (Drinking or potable water) o &l sl L asdius
Aallal) g 1) (B ) a3 oyl olsa (i qudallg .. s LS il g Cilal) ciles: Laal g oyl
EPA (Environmental Prtotection Aduindl dleall 458 a1 ANS 5l Ja ., oy 5 Luald) dlaal) f

() ol g 0¥) a il gf (WHO) dsallad) daall 4aliia si Agency)
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Sterile purified water - highly purified water - purified water - WFI (Water
for injection)?
:dgtad) g Gl sana ) ¢S Gl g

WFI Purified Water Specification™
<1.3 yS/cm at <1.3 y S/cm at ..
5500 5500 Conductivity
Total Organic
< 500 ppm < 500 ppm Carbon (TOC)
Microbial
10cfu/100ml 100cfu/ml (Recommended
action limit)
< 0.25 EU/ml NA Endotoxin
5- 7 5-7 pH
Distillation is the
preferred Not Specified [[Production Method

technique

*As per USP Standards

_j'a\a.}d\#

Demi- Lgte daalal) g daclal) 3 58al) 40)3) a5 73yl 4 g 3ia slaa 4 Purified-water sLa%al) slzal)
4,325 51 A 3 die s/ a9 Saa 1.3 (e S8 Lt Ala i) ciasal g water (deionized water)
Jalall B Ll Lgaladid iy g USP S pa¥) £l gl g Lot MU g galaad) Jgaad) B (5 5 LaS 4 gia
ouilay .. At LS Highly purified waterd) Wil 3y WFIJ) dslia g cila &) g Judd) (0 3 AY)
AN i 8 aadicnall Autoclave IS g oY) g s A Lgaladiind)

1okl plia (uaigall

:Water limit slaad) 3538 9

Table 1: Different standards of water
Purified Water Highly Purified Water Water for Injection
Parameter

UsP Ph Eur (bulk) USP Ph Eur (bulk) Usp Ph Eur (bulk)

TOC (ppb €) 500 500 NA 500 500 500
Conductivity @ 20°C NA <43 uS/cm NA <1.1uS/cm NA <1.1pS/em

Conductivity @ 25°C <13 pS/em NA NA NA <13 pS/em NA

Nitrate (NO2) NA <0.2 ppm NA <0.2 ppm NA <0.2 ppm
Heavy Metals (ppm as Pb) NA <0.1 ppm NA NA NA NA
Aerobic Bacteria <100CFU/ml <100 CFU/ml NA <10 CFU/100ml <10 CFU/100ml <10 CFU/100ml
Bacterial
NA NA <0.25 <025 <0.25
Endotoxins (EU/ml or 1U/ml)
N/A - Not an applicable requirement
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s palaal) el

O B AST (Y s WIS 9 Highly purified waterd) ¢ il Jgaad) & L&Y cUbEaY) (any o
0.15 (o JB Auliia g llas HPWalsallg .., Aol ggd) LSl sae g 4 <l Llua 6l Eua 0 Purified o)
058 LS gl AU (il Y s g gl o) gl Lgadny a8 g Vg L e / g g S3a

:4 5,59 Highly purified waterd) J) ciliual sa 03a g

Figure 5.A-6 Requirements of highly purified water

Requirements of highly purified water

Testing parameter Specification Ph. Eur.
Properties Clear, colorless
Microbial count* Not more than 10 microrganisms/100 ml
Specified micro-organisms** Pseudomonas aeruginosa not detectable in
100 ml
Total organic carbon Maximum 0.5 mg/I
Conductivity Meets the requirements at Stage 1, 2 or 3
Nitrate Maximum 0.2 ppm
Aluminum (only when used for production of Maximum 10 ppb
dialysis solutions)
Heavy metals Maximum 0.1 ppm
Bacterial endotoxins Less than 0.25 IU/ml

O and A ALl 4] gal) claciial) Wid Liagf aladiudd Lag cilival gal) sda ilids Ja g @
A3 g Ay ) e Y g Cpadl by anal) 8 sl B Lgaladin Ay ) 8 a8l DA
) s Al el g ey SN B aadid AN e cldasall B eld Al g e sl 4y saad) claliaall
fey sa¥) gl (ilapkaill) claldll) & andiod

10kl daaa Sl il g

slyall GUAS 2l daas Al Abibadd) il juancionall 4 glinal) olpalld aladiudd lag 4 gliaal) ciliua) gall CaliS adally
Wi ... (Purified water) cisSi ol 55 ad) pall 5 cilag U1 SIS g ja ) 4y gaad) clabizaal) 4303) Gla sy Admall
(WFI) &5 (e 085 O 4 add) B cad 31 4y gaal) colaliiaal) 40038 Y gaa) g ilapadatl) g aall e )
Ol Juay CaY g Cpaad) ) pdall Al Ll ., L o3 5 9 0Sa 9 LiibiasS L 7 gl 3 gaally (e o) il Ui g
.(Highly Purified water) ¢
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Table 2: Quality of water for sterile medicinal products

Sterile medicinal products Minimum acceptable quality of water
parenteral WFI

ophthalmic Highly Purified water

Hemofiltration solutions bt il

Haemodiafiltration solution WEFI

Peritoneal dialysis solution WEI

Irrigation solution WEI

Nasal/ear preparations Highly Purified water

Cutaneous preparations Highly Purified water

sdadaall yal) dudal) cilatiiall slual) 34 52

Table 3: Quality of water for Non-sterile medicinal
products

Minimum acceptable

Non-sterile medicinal products .
quality of water

Oral preparations Purified
Nebuliser solutions Purified*
Cutaneous preparations Purified**
Nasal/ear preparations Purified
Rectal/Vaginal preparation Purified
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*In certain disease states eg. Cystic fibrosis, medicinal products
administered by nebulisation are required to be sterile and non-
pyrogenic. In such cases WFI or sterilised highly purified water should be
used.

**For some products such as veterinary teat dips it may be acceptable
to use potable water where justified and authorised taking account of
the variability in chemical composition and microbiological quality.

Audall claiial) delia oL 4y glaal) slall 539

Table 5: Quality of Water used during manufacture of medicinal products

Manufacture Minimum acceptable quality of water
Granulation Purified*
Tablet coating Purified

Used in formulation prior to non-sterile lyophilisation ~ Purified

Used in formulation prior to sterile lyophilisation WFI

il plls gl
sciladil) g Cadatill 4, glaal) sloall 5392

Table 6: Quality of Water used for cleaning/rinsing.

Cleaning/rinsing of equipment, containers, closures  Product type Minimum acceptable quality of water

Initial rinse Intermediates and API Potable water

Hoalrioig AP r:zenusf.;zzr:uality of water as used in the API
Ayt frinse S incdding voRanin polece ({EIE) sl Pharmaceutical products-non sterile Potable water

equipment, containers and closures, if applicable

Purified water or use same quality of water as used
Pharmaceutical products-non sterile in manufacture of medicinal product, if higher
quality than purified water

Final rinse including CIP of equipment, containers
and closures, if applicable

Initial rinse* including CIP of equipment, containers

and closures, if applicable Sterile products Purified water

Purified water or use same quality of water as used
Sterile non-parenteral products In manufacture of medicinal product, if higher
quality than purified water

Final rinse** including CIP of equipment, containers
and closures, if applicable

Final rinse** including CIP of equipment, containers

3 s
and closures, if applicable Sterile parenteral products WFI

*some containers, eg. Plastic containers for eye drops may not need an initial rinse, indeed this may be counter-productive since particulate counts
could be increased as a result. In some cases e.g. blow-fill-seal processes rinsing cannot be applied; **If equipment is dried after rinsing with 70%
alcohol, the alcohol should be diluted in water of the same quality as the water used for the final rinse; ***Where a subsequent depyrogenisation step
is employed the use of highly purified water may be acceptable subject to suitable justification and validation data.

470



ol S ] Sl il Ko s 0 LM

S A — S moldl S J s e lidl

s palaal) el

:Purified waterd g\l @b ol

Purified Water System
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2 filt =aa
Multimedia Activated P
Filter Carbon Filter UV Light
USP
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TEMP DUMP

Purified Water System
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FEED

10 : REVERSE OSMOSIS + EDI
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(ONE/TWO PASS)

WATER i 1
CARTRIDGE | I CARTRIDGE
FILTER FILTER Y
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DECOMPOSE!
STORAGE POINT
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I]I]I][I D CARTRIDGE
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EDI [ —]
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10kl Jaaa ) giSA)) Gl g

(J ol BB g3 ¥LS (Hot water sanitization) 81 sl abeills 4.l 5,800 3alinal) (§ dall gaaly aly addail)
LA Ghaan (35 4] Ciluaa (19 2B 5 G g gl LS gl (G5B9 (19319 o sISIL auiaillS Apiliassl) SIUV)

Laaga g clIAS g o il Lad g g (e 22¥ 5 (9 ) o UV 25258 adail) (e (1 68 (o el oy 89 (i)

S yal Ll L yhay S IS Lgle g Y. g ) e 3800 15 (0 538 a8 (g S il e

Ada § g sda (o 98 Aafini g &y ) gill ol

Laila (validation studies) dmaduall cilul s Ao baall aaiatghghill i) of g JS 09 48 aail) -

sl JSI5 (o Liband g 316 it (uliLny) (rn dtina UY) Al J313 Ailg ) oluall o358 Jaglad
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L

AL cila 3 Jdo§ plaal 3aa gl o1 ja0 o (Bdsh) die 40l i) g 022

Maintenance of Water System | ::

Visual checks

Pipes and pumps

» hygienic coupling
» welded pipes
» hygienic pumps

» hygienic
sampling points

» acceptable floor
e no leaks

WHO Technical Report
Series No 929, 2005. Annex 3
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& [ I oo
Maintenance of Water System ‘ |
Visual checks (2)
Check condition of equipment

Staining on
water storage
tanks

Corrosion on plates of heat exchangers
indicates possible contamination

WHO Technical Report
Series No 929, 2005. Annex 3

Maintenance of Water System

Visual checks (3)
Maintenance records, maintenance of pump

seals and O rings

WHO Technical Report
Series No 929, 2005. Annex 3
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Maintenance of Water System | &

Visual checks (4)

e Air filters

e Integrity testing, sterilization
and replacement frequency

e Check burst discs

WHO Technical Report
Series No 929, 2005. Annex 3

(i) o o) ggdl yilh gy guil) Alas o A 5V Aadlaal) (pua akadia 132

Pretreatment — schematic drawina
float
operated excess water recycled activated TO water
valve 1 from deioniser carbon
l air filter N!ultimedia filter softener
. & DI
spray ball plant
Wgter IS _ke pt raw waterin  |break tank
circulating
cartridge
_ filter
air break to drain centrifugal pump 5 micrometers
ﬂ |
« S lrap fo sewer

477



ol S ] Sl il Ko s 0 LM S e — S il S J o el 2l

b &asi Spray ball aladiuls Spray ! ) 48y sk Ja ¢ 43l) slsall JUAa) 2y ¢ 3330 A5 @
fa5ald o L SShower " GaA e dliil) il ga Ao obial) i jg o Jany oMl i) e
1098 sl o dauall <l ) 39 S (pe (Al Jadlly Ja g

20k daae ) giSal) Gl s

J 2 dauall 8159 0o (e Gl B Lgale ) ) oy (Al dpalial)) S gSal) (pa st dana gl o
Bas ddy i g il pole Al (o L) ) paa o Mo IS4 B Bas) ) i ol 2529 laal dlld g spray balll
&S e

AlS g Jualslly JRIA) a8l anias (Ao i slsal) Jrad o AL ) B St Aduda g g Ciliad) Gl g Sl oLEAS Lad
LSS galll Jhaa 138 9 8S) ) olra (g ) oY Alla (ghalia 4y a2l g5 Y a ¢ tiaa Lails

1 g Jada udigal)

spray ball Giub ¢e il ) exil) aey oleal) JAX3 0 &Y

1igana danl waigall el

Slall B 4ida 0 9% 38 S o] el cl Jlad) £ 30 Jas B SB Jia oS5 8 4] Slic g

tLUS) daaa gudigall ol

122 Baa g daua 8 88 COp J) e slaall (B Al ) Jl& () A 3Y 48y 5k Mad g

il o o) gl Joha ade aly LS| g Saall Guplil) jalian (e stian 58 sl sl O e B
SAIr vent filterd) o 13ag folually Adaill J8 A5l Sy 1) o1 5gd) iy sl oy S g

s0kd daaa ) giSal) il g
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10kl daaa ) giSal) il g
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leveld) (b aiyg juhafil) g abail) Ja) ja o palg BB Y s U slial y g Jas oy 4y ga¥) Cillasa B
Lol ¢ Ll adla st dadil il AN L8 sbaal) (5 gia

Laaa JgiSal) a9 08 0.2 (5 188 il g U,V dlin alila g gadll 5 g4 e Jigluill (e g
sl

19838 A G .. %100 L Jea 0 (e ¥ g oSS BLEI e ULV 1 B6US g0 Uil laY)
i gl JiS) A g stagnation sleall 258, Ada ja (R g s gail) adang L 18000 o> ¢S sadll (e Tasany
AaS) jiall Ly i Bl g (g i) Sl dpacad La dgponsy Gidag 38 a8 gla 0@ (S (g Sl geaill daidlal)
bacterial blooming and Biofilm

15 e (uaigall

Jary a5 a1 ol &l xay bactericidal sy bacteriostatic s UV G Clad Jaaa 3 4ilay L)
LA LS Catay (g Baa) 9 Ly S 292 ga gl g g

s palaall sl

g - 225 O - GesY) iy g pSaal) JiE danadial) (398 And¥) (ha siaa il 254 O Galaad) QAT & LB
et ABUa 4 30 3l 1A g, AaEY) ol sina gl 185 Mo BLa) (o gea 23 )5 alddiad Lia cLall (aay 8
slag 01980 daa gl (A ) 4y guand) ) gl alina a3y 9 obsall (o (OH-) SniS g sagd) Gigal g Of iy g

Al ) 241 A daadiiial) sluall £1 630 L) A aga cullaa g2 g .,

UV 185 VS 254 nm

e The 185 nm UV light, utilized in TOC
reduction application, decomposes the
organic molecules. The 185 nm light carries
more energy than the 254 nm light. The 185
nm light generates hydroxyl (OH-) free
radicals from water molecules. It will oxidize
most organic compounds in to CO: and H:=:0
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UV 093 sY) alad aladin) aa slaal) o 5430 Jaladia )2 g

Vypical water storage and distribution schematic!

Hydrophobic hir filter
Feed Water & burst disc
from
DI or RO /"/—_‘

Cartridge A
filter 1 .
ertum Spray ball

Water must _ Optional

in-line filter
be kept 0,2 pm
circulating

UV light

Heat Exchanger

Ozone Generator Hygienic pump Y":: ;,r:i?_l k

:ué\guﬁ\ ala g.uj.g..d&
Aaiiall olsal) agied lasal UV JI I8 (195500 asiad Bas g d8la) (Saal) (1

e g e (udigeal) Cuiad
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Double jacket tank for purified water storage.
LS (90 adal da 2 18 (e BT 5l da 2 80 (8 ) Al A 2 pd  gliadg
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Cleaning and rinsing of equipments or containers

s ya Ao dalind af Lgalading Eua (e Clanall g &l g2 £ o8 ld Ao daiad Cilaill) 8 dasiliial) olall £ 4
Y o ALy Ll g A gy ol cidiia aladialy 3 ol CAbe Laly play Ad gl S £1 6391 IS b il
il 9aY) Lgd addiloial) &) pdaatonal] (b dasiiacall Adias doe o3 (e play cibadil) L aay AL olpall LDUgta)
ol pulaniunal) L) clana g <l gai el purified-water obsas Lilgs cilads 4y &) cilana g <l gaf Siad cfanall g
Jrarall Ll ) g cibaddl) olpa (pa Adse 347 2 g B ghad AT 8 lagan (35551 580 9 W] olsay Lgihadi ¢y 95 Ll
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.orbital welding s zero dead leg alaaiuwy) (ulaa dse ¢l
sdualnl) 3alal) daa g 0 ja  Ahaa | giSal) caled

Dead Leg and its Limit in Water
Systems

Dead leg calculation in water system piping and their
limits according to world health organization (WHO).

Mallad) daall daliiae colald ) A o g WA gaa g dlal) alall cluly L8 Dead legd) clibua sdan sl

s

Water system in pharmaceuticals may the
source of contamination for the manufactured
products. It is necessary to prevent the water
system from the microbial contamination.

&:\AdJJJ.«'AS‘ C’.AJ".M\ Qw&}ﬁﬂbmo\}s;iﬂ@\gﬁ\e‘d&hﬂ\z“’éuiu\emﬂ\":h@ﬂ\
Selall o (g sSaall &gl

Water is distributed through the pipelines
throughout the mMmanufacturing plant. Purified

water and water for injection (WELD is
continuously circulated in circulating loop. It
helps the water system to prevent the

formation of biofilms.

- = —
> D
e Flow direction arrows
< on pipes are important
/— Dead leg section
re— >4 6D

S -

=
VWater scours dead leg

But there is some space between the
circulation loop and the valve at the user points.
This section of stagnant water is known as
Dead Leg.

484



ol S ] Sl il Ko s 0 LM S e — S il S J o el 2l

Lagd &aay WFIJ) s Purefied waterdd Auwillyg ... piaal) 8 ol Jaghad DA 3055 slyall " sdan jil)
Loop JI Cxe 8108 51 S 23 g 819 ... abid i) 0680 (e (Al pUall) aiay S Sl g JoOpd) DA adla g g
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Long dead legs will have more stagnant water
having more microbial growth because water in
the dead leg does not circulate with circulating
water. Therefore dead legs should be short.

R ) Sl paad S Lo (g S gall) dua by ST dsas,; BS) ) olua Wgw ALy gkl dead legsdls " s Al
18l ()9S5 ¢ g iy olsal)

According to WHO: TRS 929 (Page 54), dead-
leg should not be more than 1.5 times of
internal diameter (ID) of the pipe. Nowadays no
dead leg pipelines are installed to solve the
water staging problems in water systems.

A Y Y1y L. B geiall A1 AN (e 1.5 08 25 Y O g Ll Apallal) daal) daliial Taig" sdan
Mobuall 3685 £ gua ga Jad Jua¥) e dead ends Ja=

122 (Abuas ) gyl

:distribution of purified water& storage J! dsudlly

The purified water is prepared by purified water
generation system (Reverse Osmosis System)
and collected in purified water storage tank of
required capacity and distributed by a
centrifugal pump for loop recirculation.

PA e L gl Jas eﬁ\gs’.\ﬁ@d}ﬁ\g g.uSaJ\ @'al.m\ J%MQM& Purifiedd) sbeall" sdas sil)

"Centrifugal 43za
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At different points of use, the separate heat
exchanger is provided (if required) to bring
down the temperature of hot circulating water
as and when required. There is a back pressure
valve in the return line. Instruments and on/off
valve are for controlling and monitoring the
system operation and water quality.

These are controlled from a centralized control
panel consisting of a PLC board. The
distribution piping consists of sanitary tubes,
fittings, valves with orbital welding and triclover
clamp in the manufacturing area and for
instrument connections. The water through this
piping is supplied to various user points and
circulated back to the purified water storage
tank passing through the ultraviolet light having
minimum radiation dose of 30,000 pW-sec/
cm?.

The material of construction for a storage tank
and distribution line should be SS 316L. Vent
filter in the storage tank should be of 0.22p size
and water should be filled in the tank through
spray ball spraying water on the whole inner
surface of the tank.
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The dead leg can cause stagnating of water
causing microbial growth, thus dead leg should
not be more than 1.5 times of the pipe
diameter. The slope in the entire loop should
not be less than 10 mm/meter. There should
not be any leakage and pressure drop during
hold time. Passivation of distribution loop
should be done with 3.5% v/v nitric acid
solution for a period of not less than 120
minutes.

:orbital weldingd) ¢s i

Orbital Welding Equipment for Stainless Steel
Tube
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Orbital Welding Machine Enclosed Weld Head for
urified Water Treatment

Orbital Welding Equipment for Stainless
Steel Tube

GFO orbital welding equipment is designed for
sanitary stainless steel tubing like water
treatment,beverage, food, pharmaceutical

Orbital welding is a specialized area of
welding whereby the arc is rotated
mechanically through 360° (180 degrees in
double up welding) around a static workpiece,
an object such as a pipe, in a continuous
process. The process was developed to
addresses the issue of operator error in gas
tungsten arc welding processes (GTAW). In
orbital welding, computer-controlled process
runs with little intervention from the
operator.[' The process is used specifically
for high quality repeatable welding.

4838



ol S ] Sl il Ko s 0 LM S — Sl bl S I el 2l

‘Hemodialysis siSl Jawal! 43 glhaal) sluall cilina) ga A La B
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TABLE 1
Chemical limits allowable in municipal drinking water and dialysis water (5,11,23)
Parameter Municipal drinking Health effect Dialysis Health effect
water water

Toxic chemicals ]

(mg/)
Aluminum ': 0.05-0.2 Anemia, osteomalacia D.Ol_% “Dialysis dementia™
Chlm'am:linc 4.0 Eyes, nose; GI discomfort, anemia 0 5 Acute hemolytic anemia
Chlorine 4.0 Eyes, nose; Gl discomfort, anemia 0.5
Total chlorine - 0.1
f_‘op].u?r—i 1.3 Gl distress, liver/kidney damage 0.1
Fluoride 4.0 Bone disease 0.2 Toxicity, bone disease
Lead® 0.013 Neurological damage, fatal 0.005 GI pain, muscle weakness

hemolysis
Nitrate (as N) 10 Blue-baby syndrome, shortness 2.0 Methemoglobinemia
breath
sulfate - 100 Nausea, metabolic
acidosis

Zinc - Nausea, vomiting, fever, anemia 0.1

Trace elements

(mg/l)
Antimony 0.006 0.006
Arsenic 0.010 0.005
Barium 2 0.1
Beryllium 0.004 0.0004
Cadmium 0.005 0.001
Chromium 0.10 0.014
Mercury 0.002 0.0002
Selenium 0.05 0.09
silver! 0.10 0.005
Thallium 0.002 0.002

| TABLE 2

Microbial standards for municipal drinking water, dialysis water, and dialysate (standard and ultrapure)

(R2A) for 7 days at 17-23°C

Conventional
Conventional  dialysate/
Parameter Municipal drinking water dialysis water Dialysis fluid Ultrapure dialysate
Heterotrophic bacteria (HPC) <500 CFU/ml - - -
Tatal Viable Count .
CMS max allownhlle limit — <200 CFU/ml <200 CFU/ml <0.1 CFU/ml
CMs action level * 50 CFU/ml 50 CFU/ml -
ANS max a]Im\'n:lgl:E‘ l:imil1 - <100 CFU/ml <100 CFU/ml <01 CFU/ml
ANS action level * 50 CFU/ml 50 CFU/ml -
Endotoxin .
CMS max allo\vnll}[Q limit - <2 EU/ml <2 EU/ml <0.03 EUfml
CMS action level] * 1 EU/ml 1 EU/m] -
ANS max a]lm\-'n_l:}l_? limit® - <0.25 EU/ml <0.5 EU/ml <003 EU/ml
ANS action level ' 0125EUMI  025EUMI -

"The Centers for Medicare and Medicaid Services (CMS), Department of Health and Human Services set the regulations for
maximum allowable limits and action levels for dialysis facilities to be certified under the Medicare program (3); these are currently
based upon the 2004 recommendations from the Association for the Advancement of Medical Instrumentation (AAMI) (6).

The action level is the concentration at which corrective measures are to be immediately conducted to reduce the bacteria and/or
endotoxin levels, which are typically 50% of the maximum allowable level.

*The American National Standard (ANS) published through American National Standards Institute (ANSIVAAMI/International
Oraanization far Standardizatian (1801 are vnlontary recammended nreactices far dialucic water (2 117 and dialveic flnid (7 21
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TDS: <100 ppm

Ca: <20 ppm

Aluminium < 0.1 ppm

Nitrite less 0.02

olaall B 0352 Eun aguiga gl Jha ualinl) any adaian oo Lulul g 518l Jauil) ola dana (e o il
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Anaerobic sulfate reducing bacteria

Sulfate Sulfide
(S04%) (H2S)
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9- Chemical cleaning RO membranes fouled by waste water effluent. Journal
of membrane science 382 (2011) 100 — 106.

10- Composition and variability of biofouling organisms in sea water reverse
osmosis desalination unit. Applied and environmental microbiology. July

2011. P 4290 — 4398. Vol. 77. No.13.

11- Assessing biofouling on polyamide reverse osmosis (RO) membrane sur-
faces in a laboratory system. Journal of membrane science 349 (2010) 429
—437.

12- Prevention and control of membrane fouling: practical implications and
examination recent innovations. Dr.ir.A.C.M. Franken, membrane appli-
cation. Centrum Twente b.v. (date: June 2009).

13- Introduction to membrane by Sandia National Laboratories.
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14- Reverse osmosis water treatment systems (operating and maintenance
manual) by Water group Regina.

15- Membrane technologies by Peters Cartwright, PE.

16- Membrane technology by Klaus-Viktor Peinemonn and Suzna Pereire
Nunes

17- Fundamentals of fouling by Robert Field

18- Membrane fouling by marine algae in sea water desalination. Water Re-
search Foundation and arsenic technology partnership - 2010

19- Basics of reversed osmosis by Puretech

20- Best practices reverse osmosis plant operation by Permacare.

21- Biofilm ... growth, structure and function (Oest 740).

22- Cleaning- disinfection protocol RO complete (by BKG-water solutions).

23- Disinfection engineering, planning and design (by Nikolay Voutch Kov).

24- R.O pretreatment design & performance under challenging conditions in
the Arabian Gulf. (ACWA series UK).

25- Reverse osmosis (Design, processes, and applications for engineers by
Jans.Kucera. - Water treatment plant (pretreatment + ROIWEOQS) —
PROJECT: OVO7 -093-13 — Technical manual —Italy.

26- Mechanism and control of membrane fouling in water purification.
Center for environmental Nano & bio Engineering Hokkaido University,

Japan
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