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ABSTRACT

In the south mediterranean countries and especially the North Africa, the
water demands, since many decades, have increased while the conven-
tional water availability has decreased dramatically. These trends con-
tinue. The obligation to use other non conventional water resources such
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as desalinating water or waste water reuse becomes a necessity. The
desalination of various synthetic brackish waters by reverse osmosis was
conduced using an industrial pilot plant. The influence on the desalina-
tion performances of many runing parameters such as pressure, recovery
rate and salinity was studied. The performances of three commercial mem-

branesin salt rejection were compared.
© 2007 Trade Sciencelnc. - INDIA

INTRODUCTION

Desdination providesasustainable source of fresh
water for countrieswith limited water resources. Re-
verse osmosi S(RO) processisincreasingly being used
for desalination of brackish and seawaters. Nowadays
the desalinated sea and brackish waters by thistech-
nology exceed those by competitivetechnologies es-
pecialy thermal processes.

The capacity of thedesalination plantsby ROwas
cons derably increased from agpproximately some hun-
dredsm?dto valueshigher than 300,000m?®/d and will
reach 500,000m¥d suchasinAustralia, Spainor Alge-
ria. Thisisachieved among othersthrough therapid

progressin the devel opment of membrane technolo-
giesand energy recovery. Thisprogressisonthebasis
of thewide use of the RO in the urban and industrial
domains worldwide. Besides the production of the
drinking water and the processwater, thistechnol ogy
can beused for thewastewater trestment’®4. Thistech-
nology hasa so great potentia intreatment of drinking
water supplies containing undesirable dissolved spe-
cied>d, and it hasbeen established asaproven sepa-
ration processin the chemical industry over the past
two decades. Pervov et a.1® reported that for treat-
ment of groundwater having excessive hardnessand
concentration of iron, strontium, nitrates, fluoride, TDS
etc., membranetreatmentsespecialy RO aremoread-
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vantageousthan conventional treatments, asthereare
based on simultaneousrejection of all typesof ionic
and molecul ar speci esby semi-permeable membranes.

Morocco is characterised by asemi arid climate
andin spiteof the effortswhichwereaccomplishedin
the construction of dams(Morocco hastoday some 103
damsfor approximately 16 billion/m?), theavail ability
of water decreaseswith theyears. The availability of
water isnow about 750m?/capitaly and it will bejust
about 500m?/capitaly in 2020, corresponding to a
shortage situation. The obligation to use other non
conventiona water resourcessuch asdesdlinating water
or waste water reuse becomesanecessity. Inthisfield,
thebig progressin Morocco inthewater management
since the beginning of the last decade, is the use of
desdination in spitetherelatively high cost per cubic
meter. Cond derabl eeffortsweremobilised inthesouth
with the construction of severa desalination plants
especially by Nationa Officeof PotableWeater(ONEP)
and the Cherifien Office of Phosphates(OCP). The
nationa production capacity by desalination today
exceedsthe 35.000 m¥/day and will increasesrapidlytY.

Thiswork report onthe study of the desalination of
various synthetic brackish watersby reverseosmosis.
The performances of three commercial membranesin
salt regjection were compared under various runing
condictions. Thestudieswerecarried out on anindus-
trid pilot plant.

EXPERIMENTAL

Theexperimentswere performed onan RO/NF pilot
plant(E 3039) supplied by TIA Company (Technologies
IndustriellesAppliquées, France). The operations were
conducedinasmpl pass mode as it shown in figure 1.
Theapplied pressure over the membranecan bevaried
from 5to 70 bar withmanud valves.

The pilot plant is equipped with two identical
modul esoperating in series. Each modulecontainsone
element. The pressurelossisabout 2 bar corresponding
to 1 bar of each module. Thetwo spird wound modules
are equipped with two commercial reverse 0Smosis
membranes. TABLE 1 givesthe characteristicsof the
used membranes.

Theexperimentswere performed at 25°C. Samples
of permeate, retentate were collected and water pa-
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Figurel: Diagram of therever seosmosispilot plant.
T:tank; P:feed pump; V:pressure regulation valves;
M :Rever seosmosismodule; Pe: Permeater ecir culation;
R:Retentaterecirculation; H:Heat exchanger; 1:Pressure
sensor; 2: Temper atur e sensor

TABLE 1: Characteristicsof theused membr anes

Surface P max Max [clzlibre]
Membrane 2 pH temp Materids tolerance
(m?%)  (bar) °
{9 ppm
BWTMG10 !
(FILMTEC) 8.1 25 2all 40 polyamide 0.1
TM710 .
(TORAY) 7.2 41 2a 1l 45 polyamide 0.1
BW30LE4040 :
(FILMTEC) 8.1 41 2all 45 polyamide 0.1
TABLE 2: Characteristicsof thefeed water
Salinity (g/l) pH y(mS/cm)
2 6.19 4.01
4 6.02 7.82
6 6.3 11.4
8 6.44 14.98
10 6.62 18.46

rameterswere determined anaytically following stan-
dard methods”?%. Thefollowed parametersare:

e Pemeateflow

e Sdtrgection (R%)

To comparethe performances of different mem-
branes, experimentswere carried out on synthetic wa-
ter prepared from distilled water doped with NaCl at
various concentrations: 2, 4, 6, 8 and 10ppm. Theana-
lytical results of the untreated water are shown in
TABLE 2.

RESULTSAND DISCUSSION

Inthiswork, the performances of three commer-
cid membranesinsalt removal arecompared for vari-
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ousrunning conditionsof thepilot plant. Theinfluences
on salt removal of pressure, salinity and of recovery
rate are followed. For the influence of pressure and
sdinity, therecovery ratewasfixed at 30%.

Influenceof pressure

Theexperimentswere carried out for arecovery
rate of 30%. Theimposed pressureswere: 10,13,16,18
and 22 bar for TMG 10,10,20,30 and 38 bar for
TM710 and 10,20,30 and 40 bar for BW30LE4040.
Following thecongructor ingtructions, themaximd pres-
sure supported by the TMG10 is 25 bar. The tested
sdinity was6g/l.

Figure 2 givesrespectively, thevariationswith ap-
plied pressure of permeateflow and of salt rejection
(conductivity %) for the three membranes and for a
sdinity of 6g/l.

For thethreetested membranes, the permeateflow
increaseswith the applied pressureand reachesalevel
following the phenomenon usudly observediinreverse
osmos sand nanofiltration and according to theknown
relation between theflow, the gpplied pressureand the
osmotic pressure. It was observed also that the
permeate conductivity decreaseswith increasing the
applied pressure.

For the fixed conversion rate, the salt rejection
increases with the applied pressure for each tested
membrane. Theseresults can beattributed essentially
totheincreasein the solvent flow. Owingto thefact
that the st transfer doesnot follow the samevariations
of solvent, thesat becomesdivided inamoreimportant
volume of solvent and the permeate will be less
concentrated, i.e. the salt rgjection would be more

important.
Influence of salinity

Theexperimentswerecarried out a afixed pressure
of 20 bar and for four salinities: 2,4, 6,8 and 10g/I.
Figure 3 givesthevariation of the permesateflow and of
thesdlt rg ection for thethreetested membranes.

The decrease of the permeateflow withincreasing
sdinity for thethreetested membranes, can beattributed
essentielly tothetheincrease of the osmotic pressure.

The decrease of the salt rejection with increasing
sdlinity isacommon phenomenon observedinreverse
osmosisand nanofiltration. Theincreaseof theosmotic
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TABLE 3: Permeateflow and salt rg ection for thethree membranesand varioussalinities

10 bar 20 bar 30 bar
Pressure/Membrane  Permeability Salt Per meability Salt Per meability Salt
(I/hm?) rejection(%) (I/hm?) rejection(%) (I/hm?) rejection(%)
29/l 41.67 98.33 53.96 98.86 66.25 98.77
TM710 6g/l 39.65 98.24 52.01 98.45 63.96 99.28
10g/1 37.99 98.06 49.10 98.45 62.22 98.80
29/l 32.53 98.33 51.79 9868 - -—--
TMGI10 69/l 31.79 97.02 49.51 9843 0 - -
10g/1 31.79 96.38 49.38 9845 0 - ----
29/l 37.04 98.63 51.17 98.85 62.35 99.05
BW30LE4040 6gL 35.49 96.54 48.33 97.28 59.26 97.89
10g/1 31.73 96.51 44,94 96.72 57.90 97.13
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Figure4: Variation with recovery rateof theper meateflow and of the salt rejection
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pressureleadsto the decrease of the effective pressure
on the membrane, and to the decrease of the solvent
flow. Thesdtistransferredinasmal volumeof solvent,
and the permeate becomes more concentrated, i.e. the
salt rgjection would belessimportant.

Influenceof recovery rate

Theexperimentswere carried out for asalinity of
6g/l. Thefixed pressure was 20 bar for TMG10 and
40 bar for TM710 and BW30LE4040. Figure4 shows,
for the three tested membranes, the variation with
recovery rate, of the permeate flow and of the salt
regjection.

Theincreaseof the permeateflow and thedecrease
of thesalt rgjection with increasing therecovery rate
are a predictable phenomena. With increasing the
recovery rate, retentateflow decreasesand consequently
theion concentrationson theside of the solutionto be
treated becomesimportant. Thisleadsto theincrease
in transfer of ionsthrough the membrane, i.e. to the
decreaseinsalt rgjection.

CONCLUSION

The variations with the applied pressure of the
permeate flow and salt rejection for the three tested
membranesandfor varioussainities 2,6, and 10g/l are
giveninTABLE 3andfigures2, 5and 6. Therecovery
ratewasfixed to 30%.

For the three salinities and the various applied
pressure, the higher permeability isobtained with the
membranes TM 710. The permeability of the BW30
LE4040 and the TMG10 membranesare practically
thesame.

For thetwo higher sdlinities(6 and 10g/l), the salt
regjection increasesinthefollowing direction: TM710
>TMG10>BW30 LE4040. This order is reversed
compared to the permeability whichispredicted.

For thelow salinity(2g/l), the order isasfollows:
BW30 LE4040>TM710>TMG10. Thiscontradiction
withthe preceding results can beattributed among others
to the concentration polarization which isaccentuated
withtheweak concentrations.

Thetechnica choicebetween thethreemembranes
depends rather on the salinity of the raw water. The
osmotic pressure corresponding to thethree sdinities

= Fyl| Paper

arerespectively: 1.69, 5.07 and 8.46 bar. Industrially,
therecommended pressure must be about the twice of
theosmoticpressure: 4,10 and 17 bar. So, for thesalinity
of 2g/l and the recommended pressure, the best
permeability and the best salt rejection are obtained
withtheBW30 LE404 membrane. However theminimd
pressure recommended by the manufacturer for this
membraneisof 10 bar. At this pressurethe membrane
BW30 LE4040 remains more performed than thetwo
other membranes. For 6 and 10g/l the best perform
ances are obtained with the TM 710 membrane.
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