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Summary

The present work aimns to study the performance of reverse osmosis process at Al-
Dura power stativn. The selected membrane which is wed in this work is made from
pobamide {thin film composite membrane {TEC)) constructed as spiml wound moduie. The
basii avantages of this type of mentbrane are the higher productivity compared with the total
vidurne of the mudule, and stability of the polymer towards the chemical effect.

1t way found thal recovery pereentage (or produet mate), rejection percentage {or solute
canceutrativi in prduct), and concentraion factor decresses with increasng operaling time
for rewerse osmosis wnit, whereas, the operating pressure for roverse osmosis unit increase
with time, Maximum sall rejection percentage and Maximnm tecovery perceniage were
deterrnined to be 9626 and 75% respectively for pelyemide membrans.
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Introduction

Beverse Osmosis (RO) i5 a physical
provess that uses the camosis phenomenon,
ic., the osmotic pressure  Jifference
ket wean the salteater and the pure water to
remieva salls ifom water. In this process, a
preseure preater than the osmotic pressure
I= applied on saltweter (feed water) 1o
reverse the flow, which results in mure
watcr {Ireshwater) passing through the

symthatic membrane pores separated from
thio salt. A concentrated salt solufion is
retained for disposal. The D process is
effective for removing total  dissolved
solids (TDS) concenirabions of up to
45000 mgl, which can be applied w
desalinate  Both  brackish  water and
scawater [1, 2],
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Reverse osmosis needs encegy 1o
operate the pumps that raise the presswre
applicd 1¢ fteed warer. The smount of
prossure tequired directly relates 10 the
T concentration of the feed weter. For
brackish -water, the pump pressure
requirement is between 140 and 400 psi.
For seawaksr, pitinps may need 1 genemie
wp to 1200 psd. Therefore, the TDS
concenration of the foed water has 2
substantial effecl on the energy vse and the
cost of the product wader [31.

Two commen tvpes of membranes
used in RO process for desalinafion
wciude  Cellulose  Acetatz  (CA)
membranes  and MNon-CA  membranes.
Cellulose  Acetate  membranes  were
developed in the 19603 and various
modified and improved blends of CA
membranes ave curenlly nsed in the
desalinetion proccss. The CA membrane
has a relatively smooth surface that is
resistant to fouling. Tt s theorized that if
e membrine surface is rather emocth, the
materinl that may cause fouling capct
deposit in the membrane creviees [4]. Non-
A membranes, typically called “thin-film
compusile wepipancs” include aromatic
polvamide (PA) membeanes and composite
mermbranes  using  CONMON  Organic
meterigla such as  pelysulfone, Thesc
membranes have a higher flug  rate
{volume of freshwaler per  membranc
surface area) and, compared t CA
membranes, allow passage of lower salt
comeenteation.  MNon-CA  membranss  are
more stable over a broader pH range than
the CA membranes, but me susccptible 10
degradation by chlorine |5).

Pro-alment ol feed -water iz
esscrlial in order to protect the RO
membrane, reduce cnerpy cosis,  and
ipctease salt retention. It should be free of
Jarpe porticles, arganic matier, boacteria, ol
and greasze. Typical pre-reatment involves
multimedia, cartridge, and sand filiration to
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resnove larger particles, organic matier and
other materials; and adding chemicals to
prevent the formation of precipitates and
scaling of the membrane. Often, pH
adjusttners is also needed. The problem of
memhbrane fouling is much more severc
than cither membrane compaction of
cuncentralivn  pobarization, altheugh the
latter docs contribute w the onset of

~ fouling. Surface fpuling takes place when

there iz a deposition of sub-micrometer
particles om ihe surfoce, ws well as
crystallization and precipitation of smaller
solutes [6]. It oceurs when rejectsd solids
are poi transported from the surface of the
membrane back to the bulk stream. Fouling
con also ocour in the pores of the
membrane and iz more difficult to ecoify
than surface fouling. In gencral, thete arc
four major types of fouling - dissolved
golids, cuspended solids, non-hiological
ogpanics and kiodogieal orpanisms. The
different types of fouling frequently occur
simmltaneously and each can influsnce the
tate of fouling from the cther mechanisms
7. 8],

Membranes should be  cleaned
when there s 10-15% decreases in sysiem
perfortnance, manifested by sither 2 10-
15% reduction in pemnests flow or a 10—
150 increase in the pressure needed o
maintain the same flow, Failure to elean
sceording 10 the 10-15% rule meay result in
gerious and irrcparable damage to the
membranes. Acid and sodivm
hexametaphosphate (SEMP) are usnally
added to prevent sealing in brackish water
systam [9).

Tn the preseot study, performance
of reverse osrmasiz in Dura powser station
was imvestipated experimentally.  The
effect of aperating time for brackish water
on  recovery | poreentage.  rejoctiom
pereentage, concentration  factor  and
opersting pressure have been determined,
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Recovery

Recovery rale is o major parameter
for evaluating membrane effectiveness.
Recovery is defined as the volume of
freskwater produced as o percentage of the
yvolurmne of feed water processed.

thnvery:[gl]xiﬂﬂ ...l
Q

Whore Qp is tbhe pormeale {or
product) flow rate and O s the feed fow
rate. Typical recovery retes for RO systems
can be 30 percent 2o 0 percent depending
on the qualily of foeed water, pressure
applied, and other faciors. Reverse oamaosis
membpranes thai cpersie at low pressures
ot maintain high recovery rates have been
developed.  Lypically, these ultra low-
PICESUM:  DOVETSG  DIMOSis  membrancs
{(ULPRAOY are made of thin film composites
of polymers, with an sctive sorface layer
That i3 negmively charged with improved
fouling resisiance propertiss [10, 11].
Salt Rejection

Zall  mieclion  capresscs e
effectivenes:s of 5 membrane o remove

zalis from the water. It can ke ¢alculated
from the following equation;

R:[C" 'C']mm 2

Where Oy 13 the concontration of a spocific
somponent o the feed solution o the
membrane process and O, 15 the
concen‘ration of the  same  spedific
component in the cleaned discharge stream

leavitg  the membrans  system [12)
Rejections varied considerably for the
different  solutes, and  rejectons  of
ionizable orgenics were greatly dependemt
ot degree of dissociation: nonionized and
hydrophobic solutes werz found o be
strongly sorbed by the membrones and
exhibited  poor  rzjection, Jn reverse
astriosis, a high rejection of tonal dissolved
solids (TDS) is npowtant,

Concentration Factor

Converration factor (CF) 15 the
ratio of the feed quantity (or feed stream)
over the concentrate quentify (or
concerirate steam). [t can be caloulated
froen the following equation;

CFata .3
L

Wherte Cy is the soncentration of the solule
(dissolved species) or solid in the
concentrate or  ogject stream. lhe
dependence of the concenmation factor on
CpcIating comditions andl WALt
composition i3 why manufactirers want o
have & wmer analysls before they give
membrane system quotes f13].

Experimental Work

The reverse osmosis Industriat uni
works at Al-Daura power saton. This unil
employs the TFC modules using spiral -
wourd polyamide membranes. Figure |
shows a schematic diagrum of meversg
osm0sis industrial unit, Tabie b, shows the
specificatiens of the plant.
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Table 1 The Specifications of the Reversa Osmosis Industrial Unit

Feed
Ruted Permeators
ppa—— Recovery  Feed Rate  Permeator  Stage Veitols per vesach u[:nrwmei
27 ' 5% damtme TCBE g ¢ A 20040

Feed From
J——
Cariridge
Filtter

Froduct Rate

Figure 1 Schematlc Diagram of Reverse Osmosis industrial Unit,

In reverse osmosis ualt, the water
flowing from the activaied carbon flllers o
the reverse osmosis plant {2 hlendad with a
hardness stabilizer (sodium jexa meta
phosphate) in crder W avoid precipitations,
and with hydrochloric acid L reduce tha
pH value.

To increase the vicld (conversion
factorh, the osmosis plant is controlled n
third stages. The wial bring sream frotn
e first stage is the feed for the setond
stage, the brine from the sscond stage is
the feed for the third stage, and the
concenirate  from  the thind  stape s
discharged as waste water into the Tigres
River. The permeate colleeted from
three stages is advanced to the osmo waet

Rasrah Journal for Engineering Sciences /2009

storage tank. Varicus equipment such as
tempersture  rocorders, pH memr, TDS
meter, flow melers, pressurce gauges, eic.
gre glse melusive for menitoring  and
conirolling the reverse osmosis system in
mperEtii.

Periodic cleaning of the membranc
surface iz required 10 maintain high waisr
transfer efficiency.

Results and Discussion

The yecovery percent from Ioverss
pemosis unit arz plotled vs. fime, as shown
in Figure 2. [t can be casily observed tha
the reeovery (ur product ratc) from reverse
osmosis umit deersase with incresse in
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operating time. The product rate of a
reverse oamosis system decrease as fouling
oceurs, bpecause the foulants on e
membrme murtace roard the back diftusion
of the sah inte ihe bulk solufion to cause
concentration polarization at the membrans
swfoce. The increase in  concemtration
polarization causes a dictesse in the
product rate and an increase in the
operating pressure {Figure 3). This can be
explaining the decreasing of product rate
anit increasing of e opemling pressare
with increase operating tme. But after
cleaning of membranes the product sale
will merease and the pressure  will
decroans.

The membrane cleaning process s
required when sall passage increassd,
product waler flow ratcs decling and the
mndule bank pressure drop increased.

Figure 4 shows the effeet of
operaling time on rejection percent for
reverse  oamosiz  industriel  umit. The

increase in concentraiion  polarization
causcs an morease in the salt passage. This
reason ean be explain the increasc sohme
concentration with incresse in operating
time. The decrease of salt concentration
wiil increase the rejection percentage and
vice versa, Also after the cleaning, the salt
pussage  decreasing  through  the
membrages, consequemdly the  rejection
percent increases.

Ay the operating Gme of oeverse
psmnsia LRl increases, the conccpiration
factor {CF) (or reject concertration) will
decreaze, This js shown in Figure 5. The
mcreasing of time means the increasing of
salt concenmtration in  permeatc  aml
decrensing of produet rate, which led 1o an
increase in the Teject comewruation. The
increasing of reject concentration  will
incrcase i concentration factor {(Equation

2.
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Figure 2 Effact of Operating Time on Recovery Percentage (C; =550 — 560 mog/L,
Q= 36 mfhr and T=23 - 25 °C).
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Figure 3 Effect of Operating Time on Gperating Pressure (Cr =550 — 580 mg/L,
Qr= 36 m*fhr and T=23 - 25 °C).
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Figure 4 Effect of Operating Time on Rejection Percent (Cr =550 — $60 mg/L,
Q =38 m’fhr and T=23 - 25 "C).
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Figura 5 Effect of Oparaiing Time on Concentration Factor {Cr =550 - 560 mg/L,
Qy = 36 m¥hr and T=23 - 26 °C).

Basrah Journal for Engineering Sciences /2009 2008¢ usigll ol 5 adl A



Conclusions

1, The recowvesy percent, rejection percent
and concentration factor of the thin film
composite membrane decreases with the
operating time,

A Tha mean reasen for flux decline is dee
te: membrang fouling with time (during
45 day).

%, Maximuin recovery percemtage s T5%
at = 20 bar, O — 36 mYhr, Cp = 550 —

129

4. Maximum salt rejection percentage is
969 at ' = 20 bar, Qp = 36 m'/hr, Cr =
550 - 560 my/l and T = 24 °C.

S Membrane  compaction  phenotieton
wias not apparcol.
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NHomenclatura

Symbol Defipition Units

Ce Beject concentration mg/L.

Cr Feed solute concentration  mg/L

CF Conecentration Tactor

Cp Product solute mgfL

concenitaton

P Pressurs bar

Qs Feed flow rate '

i, Praduct flow rate m'fhr

i Rejection percentage

T Temperature °C
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