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Water Resource
How Much Water Do We Have?

Global Water Resource Water Supply & Demand Balance 2030
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Water Desalination
Some Facts

¥ 2.3 billion people live in “water stressed” regions
300 million people in 150 countries use desalinated water

W Desalinated water production: 75 million m3/day of which 47 million
m3/day (~63%) produced via RO

B Feed water sources: 59% seawater: 22% brackish water, 9% river
water, 6% waste water, 4% pure water

B Socio-economic megatrends (population growth, urbanization,
industrialization and resource contamination) will continuously drive
the increase in global water consumption

Sources: Shiklomanov & UNESCO, 1999 & DesalData 2015 K- BASF
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RO Desalination
Importance of Pretreatment

Pre-Treatment Mode of Action

Antiscalant RO Membrane
(1 or 2 stages)
Permeate | %
High $)))
Pressure ) Water flow )
Pump Brine ) )
. . : »
Physical & Chemical Functions > % -
: _ B 2 ® >
> Coagulation > Scaling control
> Flocculation > Separation / salt rejection Problems
> S_edirr_lentation > Concentration polarization
> Filtration > Membrane scaling & fouling

= Pretreatment protects RO membranes

and improves productivity 0-BASE
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RO Desalination

Why Does It Need Multifuntional Antiscalant?

Typical Feed Water Composition

Dissolved minerals

Ca?* HCO,
Mg?* COy
Ba2* SO,?%

Fe/Mn/Al NOj

Silicates PO,*
Feed

Water
Suspended matters

Biological matters

Dissolved organic
matters (DOM)
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Main scale & fouling problems

» CaCO,;, CaS0O,, BaSO, MgOH,
Caz(PO,), & silica scaling
= Fe/ Mn, colloidal & bio- fouling




RO Desalination
How Does Scale Form?
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Multifunctional Antiscalant for RO
How Does It Work?

. pe . . . \
Crystal modification & dispersion N\ Mverse solubility salt

Nt %\, (e.g. CaCO,)

Threshold inhibition

\ﬁ% gl -
‘Y Temperature

=» Crystallization inhibition and particles dispersion
O -BASF
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Experimental Results
Static and Dynamic Test Methods

Laboratory Jar / beaker Test: Laboratory Flat — Sheet RO Test:

» Simulation of Crystallizations and » Simulation of Process RO systems
Particles Deposition

Crystal .i.w.jb.it-iorﬂ test§
it ] S
.

. T .
0 | ‘I : -

Particle dispersion test
‘. x £ e %
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Sokalan® RO 3500 from BASF
Static Test Results

Laboratory Jar / Beaker Test Results

CaCO3 inhibition
(pH 8.2, 24hrs, 40 C)

Colloidal/
Silt Dispersion

CaS04 inhibition
g \ \(pH 8.1, 3 hrs, 40 C)

BaS04 inhibition

Fe203 dispersion | . —
(pH 8.0, 4 hrs, 60 C)

(1 hr, RT)

Fe(lll) Stabilization Ca-PO4 inhibition
(pH 8.1, 2 hrs, 40 C) (pH7.8,17 hrs, 40 C)

—— Sokalan® RO 3500 -==Benchmark product
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® Very low phosphorus content
(< 50 pg P/L vs. 1500 ug P/L for
ATMP @ 5 ppm dose & 75% Rec.)

B A multifunctional antiscalant to
handle multiple scale potentials

B Qutperforms benchmark product in
CaSO,, BaSO, & Ca-PO,
inhibitions, and iron control.

M Performs at the same level as
Polymaleate/Phosphonate blend in
CaCOg inhibition

O -BASF
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Dynamic RO Flat-Sheet Test
Two Different Modes of Operation

Permeate
Valve

<D Concentrate

B Permeate withdrawal mode:

Study the maximum water recovery

Heat
exchanger

achievable with an antiscalant

M Total recirculation mode:

Study water system stabilization at

constant recovery by an antiscalant

RO Membrane

O -BASF
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Tertiary Effluent Feed Water Composition
Scaling / Fouling Analysis

Scaling/Fouling Prediction
BASF RO Xpert Software

Feed Water |Brine @ 75%
Composition | recovery

Species ppm / unit ppm / unit fﬁ
Al 0.1 0.4 E
Ba 0.01 0.04 s
Ca 23.8 95.2 ﬁr l
Cu 0.007 0.028 ¥ —
Caco3 Mg(OH)2 Casod Bas04 SrS04 CaF2 Ca3(P04)2 fe
Fe 0 1 0 4 141.65 0 9.52 21189 284 nann 101.76 1846.72
K 11.15 44.6
Mg 7.75 31 . : :
Na 95.25 381 Cleaning solution analysis
NHA 0363‘; 33632 Dominant Scaling/Fouling Type
Ni .01 .05
Cl 114.15 456.6 Iststage / 2" stage

4

F 10.0 40 -
HCO3 65.6 262.4 @
PO4 8.0 32
Sio2 10.5 42 CaCO, &
S04 73.05 292.2 BaSO, BaSO,
TDS 422.82 1691.28
pH 7.0 7.6

Recovery 0 75% O0-BASF
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Dynamic RO Flat-Sheet Test
Total Recirculation Mode

Permeate

Concentrate

Heat
exchanger

RO Membrane
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Laboratory RO Flat-Sheet Test Results
Recirculation Mode at 75% Recovery
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Laboratory RO Flat-Sheet Test Results
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Dynamic RO Flat-Sheet Test
Permeate Withdrawal Mode

Permeate

Concentrate

Heat
exchanger

Pump

RO Membrane

16 09.02.2018



Laboratory RO Flat-Sheet Test Results
Permeate Withdrawal Mode
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Maximum recovery before failure:
RO 3500 = 83%
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20% ' _m sokalan RO 3500

Mormalized Permeability {Py / P}

=i—Phosphonate (ATMP) Test condition: pressure = 10 bar, temp = 30 °C, pH = 7.6
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Laboratory RO Flat-Sheet Test Results

Permeate Withdrawal Mode
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B Sokalan ™ RO 3500

A Phosphonate (ATMP)
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Summary

19

Sokalan® RO3500 is effective against multiple scaling / fouling potentials
such as CaCO,, CaSO,, BaSO,, CaF,, Ca-PO,, Al, Fe, Cu, etc.

Comparative test results show that the Sokalan® RO3500 effectively
iInhibits multiple scales / foulants as compared to phosphonate based
antiscalant like ATMP.

Sokalan® RO3500 RO allows plants to operate at higher recovery
compared with phosphonates while protecting the membrane against
scaling / fouling.

O -BASF
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Thank you for your attention!

Get Iin contact with us for
more information on
BASF Water Chemicals

Follow us on LinkedIn
www.linkedin.com/company/basf-water-chemicals-/

Visit our website
www.basf.com/water-chemicals
Email us
water.chemicals@basf.com

North America South America Europe, Middle East, Africa Asia Pacific

BASF Corporation
100 Park Avenue
Florham Park

NJ 07932,USA

Phone: +1(800) 322 3885

BASF S.A

Av. das Nacdes Unidas
14.171, Morumbi

04794 000 Sao Paulo, Brazil

Phone: +55 11 2039 2366

BASF SE
Carl-Bosch-Straf3e 38
67056 Ludwigshafen
Germany

Phone: +49 621 60 0

BASF South East Asia Pte Ltd
33 Tuas Avenue 11,

639090 Singapore

Singapore

Phone: +65 6861 6766
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