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ABSTRACT

Silica chemistry is very complex. Silica can berfdwn the surface of reverse osmosis
membranes in a polymeric or crystalline form, aad @lso reach the membranes as
colloidal particles.

Due to a shortage of good quality water in manyoreg of the world, reverse osmosis
plants are forced to operate with very high lewdlsilica. Operating with high silica
concentration will cause membrane fouling whichvéy difficult to clean and can
cause irreversible membrane damage of the polyarsjdetion layer. In order to avoid
membrane fouling and control costs there is a ehoicoperating the reverse osmosis
plant at low recoveries, or improving the planttpratment, membrane treatment and
cleaning practices.

This paper describes three case studies demongtsgnificant improvements in the
operation of reverse osmosis systems for potalgeciudtural and mining purposes.
Recovery rates have been safely increased andahegperated with silica levels of up
to 340 mg/L of silica in the concentrate and foglgtaling problems have been solved.
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INTRODUCTION

Obtaining potable, irrigation and high quality irstiual waters from high salinity water sources
using reverse osmosis is technically and econolypif@hsible. Nevertheless some of the ions
that are present on the water can be limiting factor applying this technology. This paper
describes operational practices in those plantgevbiéica is the limiting factor for increasing
recovery rates.

Silicon is a very common element in nature, asheemtist contains approximately 25% of this
element. Silica (Sig) content in natural waters usually varies betwE@40 mg/L, but in some
places (Chile, México, Canary Islands) concentratican reach up to 100 mg/L.

METHODOLOGY

The research conducted in this paper is basedipaihc on the operation of pilot plants and
field plants using sacrificial membranes and vasi@ntiscalant and cleaning chemicals. .
Membrane autopsies have been carried out whicla amdque tool for characterizing the state
of membranes and it is fundamental to guaranteefffeéency of chemical treatments.

The results that are presented in this paper tefeliverse studies related to problems with
dissolved silica (also called “reactive silica”)danot to alumino-silicates (clays in colloidal
form) also called “non-reactive silica”.

RESULTS AND DISCUSSION
Fouling processes on membrane surface: Silica depiss

Fouling is the most common problem in membrane re¢ipa processes, affecting parameters
like flow rate and salt rejection. Some ions digedlin the water; calcium, bicarbonates and
sulphates can form crystalline scales on the memebsaurface that will rapidly affect the
process of osmosis. These scales will initiallyeefff last elements from last stage, the
membranes that are in contact with the most corettexak water, with a higher scaling potential.

Other ions dissolved in water; iron, manganeseadmahinium will form amorphous deposits on
the membrane surface, reducing membrane performaficese deposits will affect all
membrane elements in the plant the same way. Epatinurs because the concentration of ions
is exceeded and because they are cationic andamaaéfinity for the weak anionic charge of
the membrane surface.

The scaling and fouling behaviour of silica is edlriIn those plants operating with high silica
concentrations of over 200 mg/L as $i@ the reject, scaling will occur in the rear elernse
unless specific silica antiscalants are dosed.dstroases silica deposits are amorphous due to
the dosage of polymeric based dispersdfitpire 1 & 2Both amorphous and crystalline scales
will cause a decrease in output as well as a dseréa salt rejection and often result in
irreversible damage of the membrane salt rejedtiper.



Figurel.- SEM Micrograph. Silica deposit on memilgrarigure 2.- EDX spectrum — deposit detected on Fig.
surface.

In some plants silica deposits have been identifiedhe lead membrane elements. In these
cases silica comes already formed (suspendedhinveder. These deposits also result in a flow
rate decrease in the first stage. Furthermore @ease in salt passage can also be observed not
only by deposits on the membrane surface but alsblkasion processes as showkigure 5.

Silica can also be present on the membrane sudaeeto the presence of aluminosilicates
(clays in colloidal form)Figures 3 & 4and diatoms and algae in raw water caused by p@or
treatment-igure 6 In order to avoid these silica deposits, planttrpegment should be
optimized.
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Figure 3: Aluminosilicates detected on membranéaser

Figure 4: SEM-EDX Micrograph. Aluminosiliea on
membrane surface.

Figure 5: Silica particles on a membrane surfabeagon). Figure 6: Diatoms on a membrane surface. SEM-EDX
SEM-EDX Micrograph. Micrograph.

Silica scale inhibition mechanisms



Traditionally the ways to avoid silica precipitatias other scales, were:

Mixture of polymers, mainly coming from acrylic andaleic acids, using crystal
distortion and dispersion properties of polymers these products are limited to
disperse already precipitated existing particlesdified crystals can still be found on
membrane surface. The mechanism of crystal distorsi shown irFigure 7.

Figure 7: Crystal distorsion mechanism

Mixtures of phosphonates that use the thresholibitidn effect of these products to
inhibit precipitation and crystal formation. Antidants act in the reversible stage of
crystal formation reaction inhibiting crystal fortimn as shown ifrigure 8.

Figura 8: Esquema del mecanismo de inhibicion dedgion de cristales (efecto umbral)

The objective is to avoid scaling formation andirtorease recovery rate. For this purpose a
complete water analysis of raw water is needed, aitidal parameters to be considered are
silica, calcium, bicarbonates, iron, aluminium, megjum and the water pH. Analysis of these
parameters and using specialised scaling predistidtware allows the optimum product and

dosage rate to be calculated. Raw water acidifinashould be avoided as in many cases this
can reduce silica solubility.

It is also crucial to prevent iron, aluminium anémganese from reaching the membranes as
even at very low concentrations (0.05 mg/L) theyeha high antiscalant demand which acts as
a sequestrant.

Our product investigation line is concentrated @ymergistic blend of both phosphonate based
broad spectrum antiscalants and polymers spedatiyiulated against silica. This product
combines threshold inhibiting effect with crystétdrtion and dispersant properties.



Silica deposit prevention

In order to avoid the formation of colloidal silidas very important to pipe water directly from
the wells to the filters, avoiding intermediary kanlf colloidal particles are detected, jar tests
can be carried out to determine the optimum dosmerhbrane compatible flocculant which
will improve particle retention in the filtratiorystems. The efficiency of this treatment can be
evaluated and improved using the silt density indsk on samples taken after the sand filters.

Particles which escape pre-treatment must be estdiy the cartridge filters so the installation
of expanded propylene cartridge filters is requiregperiences from in the field recommend
installing 1 micron units.

The cleaning of silica deposits

Ammonium biflouride has been traditionally useddcieaning silica scales and deposits, as
fluorine is generated in an acidic medium. Fluorta@ dissolve silica crystals but its use has
important disadvantages related to handling byatpes and oxidative properties. Fluorine can
also oxidize the polyamide layer even faster thdarine.

Specialty chemicals have been formulated to replaeeuse of ammonium bifluoride. These

products have been specially developed to be cdohpawith polyamide membranes and

prevent the formation of volatile hazardous compsurThese products are a combination of
surfactants, polyphosphates and chelating ageatsdhidly remove silica scales and colloidal
matter (aluminosilicates) from the membrane sutface

For a successful cleaning of silica 4 parameterst i@ considered:

Flow rate: At least 8 nth per 8” pressure vessel is needed.

pH: Its a crucial parameter to be considered iicssitleaning. Commonly chemicals
used for cleaning (detergents) silica work at pkiveen 10.5-11.5.

Temperature: Although in other scales cleaningoisancritical parameter, temperature
is important when dissolving silica deposits. Clagnat 35-40°C is strongly
recommended.

Chemical product: To use a detergent able to ramiisolve silica is important but
special care must be taken to prevent polyamideagamCationic surfactants must be
avoided.

Figure 9: SEM Micrograph. Membrane partially covkreFigure 10: SEM Micrograph. Damaged membrane
by a silica deposit. shown in Fig. 9 after chemical cleaning.



In some cases although chemical cleaning of sileposits are successful, salt rejection
decreases after cleaning due to irreversible daroagie polyamide layer by the pressurised
partial penetration of scale into the membraneaserfis shown iRigure 9 and 10..

Case studies
Case study 1: RO unit for irrigation water producin

The plant is sited in a volcanic area in Spain. fdesl water silica concentration is very high at
115 mg/L high pH value of 7.8, very high temperatwf 35°C and Iron and Manganese
concentrations of lower than 0,02 mg/L. The scaftential of this water was very high for

silica and calcium carbonate as shown by FigureThg. scaling prediction software Figure 12
indicated that by using a silica specific antisoal@enesys Si and without acid dosing of the
feed water this plant could operate at a recovaty of 70%. A product water output of 450
m>/h at a recovery rate of 70% has been achievee Slogember 2002.

Figure 11: Scaling potential Case study 1 untreated.  Figure 12: Scaling potential case 1 treated witpecific
antiscalant.

For operational safety the membranes have beeneliLiwith permeate daily and a preventative
membrane clean has been conducted annually. Thmalriplant design was to operate with
acid and recovery rate of 50-55% Using the silipacffic antiscalant has meant the plant
recovery has increased by 20% giving substantiataifpnal savings.

Case study 2: RO unit for potable water production

The reverse osmosis plant is located in Gran Cansland (Spain), and it has been in operation
since 2004. The plant feed water supply is wellewatith a silica concentration of 64 mg/L, a
low pH of 6.8, gaseous carbon dioxide and the pes®f iron at 0.04 mg/L and manganese
0.16 mg/L.

The plant was designed to operate at a recoveey gat75%. The maximum operational
recovery rate achieved was 64%. Operating at highepveries than 64% lead to a loss in
product output due to rapid catastrophic silicalisgawhich irreparably damaged the
membranes which required replacement.. Using aoratx feed water analysis the untreated
software projection figure 13 showed silica, irananganese and calcium carbonate fouling
were likely. The treated projection in figure 14licated that the plant could operate safely at a
recovery rate of 75% when using a silica specifitsgalant.



Figure 13: Scaling potential Case study 2 untreated.  Figure 14: Scaling potential case 1 treated witpecific
antiscalant.

The Genesys Si antiscalant has been dosed simmrya2005, and the plant has been
operating at 75% recovery. As a safety precaufloshing the membranes with permeate water
Is done daily, and once per year a preventativenotd the membranes is conducted. During this
period, a failure in the dosing pump was registeredulting in a massive silica scaling in the
second stage. All the membranes from the secorgk steeded to be replaced. First stage
membranes were scaled, but it was possible to dleam up to an acceptable value of salt
rejection. This episode clearly demonstrates tfectfeness of the antiscalant to control silica
scaling with up levels of silica of 250-300 mg/laban the concentrate.

Case study 3: RO unit for mining

The studied plant is sited in a mining area in €hénd has been in operation since 1999. The
plant suffered severe fouling problems of both etagThe membranes were cleaned every
fifteen days in order to remove silica deposits amntain the product water flowrate. The

silica scaling and the frequent membrane cleaniagslted in the membranes being replaced
twice a year. The annual cost of the cleaning m®emd replacement membranes was XXXXXXX

Several membrane autopsies and water analyse warkicted to investigate the source and
process of scale formation., Detailed feed watealyais was also conducted and the
effectiveness of the sand filters and cartridgeril assessed. The studies show the presence of
silica particles in the feed water. These particlfected the lead membranes. The last stage
membranes were affected by silica scales. In anditianganese oxide was found in the sand
filters, micro filters and membranes.

The plant is fed from several wells, with an averadica concentration of 75 mg/L and pH of
7.4. The feed water was acid dosed to reduce pblaoof the presence of iron 0.03 mg/L,
aluminium 0.37 mg/L and manganese 0.55 mg/L was ddsected. The system was designed to
achieve recovery rates of 75%, but actual plantragjm;m was lower than 60%, and the
membranes had to be cleaned twice per month.

The results from the studies suggested the follgwimprovements:

Dosage of a flocculant before the sand filters tevent silca particles reaching the
membranes.

Replace the sand in the filters, and clean the panddically with disinfectant agents
and manganese cleaners, to avoid channelling.

To use spun 1 micron micro filters in order to remalay and silica particles.

Dosage of a silica specific antiscalant and stag dasing.



Figure 15: Scaling potential Case study 3 untreated.  Figure 16: Scaling potential case 1 treated wipecific
antiscalant.

Figure 15 shows the untreated situation for thesl fevater with silica, manganese, iron, calcium
carbonate and calcium sulphate fouling a major eoncThe treated version using a silica
specific antiscalant is shown in figure 16. Thenplaas been operating with a much improved
recovery rate of 71% versus the historical rateomly 60%. The first stage membranes are
cleaned every two months, due to the on-going deéposof silica particles from the feed
storage tank, and due to the variability of watabidity. The main short term goal is to
optimize the flocculant dosage to reduce turbidityd particulate matter, and increase the
recovery rate further to 75%. Current water saviaig81% recovery are xxxxxx and could rise
to xxxxxxx if 75% recovery is achieved.

CONCLUSIONS

Dosing a silica specific antiscalant prevents ailgcale and deposits on membrane
surfaces without having to reduce the feed pH tiincacid dosing.

It is possible to increase recovery rates and nskestantial savings in water and
energy consumption.

The silica specific antiscalant has been operaimggessfully in both pilot plant and
fully operational plant with continuous levels dlica in the reject water of 240mg/L.
In optimum conditions feed water without iron, alomam, manganese and with a high
pH and temperature values up to 375 mg/L of siliche reject can be reached.

Using specific flocculants and improving the efficcy of the filtration systems it is
possible to reduce the amount of colloidal silieaahing the membrane system.This
allows continuous operation and minimises downtionemembrane cleaning.

For a successful removal of silica scales and depapecialty chemicals must be used.
These products must be polyamide membrane compatilalvoid oxidation problems.



