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Water Treatment in Modern Times

This case study presents how
combining reverse osmosis
and ion exchange technology
addresses water treatment issues
with significant lower costs and
improved reliability.

The ion exchange resin manufacturing plant at Bitterfeld, Germany

ater treatment in today’s modern
W world requires highly technical, high

performance separation products
to achieve increasingly stringent treated
water qualities, or to provide the lowest
cost of water production. However, more
than one separation technology is often
applied to achieve the demanded quality.
This development was a main consideration
for Lanxess to start production of Lewabrane
reverse osmosis (RO) membrane and
elements at a new production site in
Bitterfeld, Germany.

The dominant reverse osmosis membrane
structure is based on a thin film composite
membrane. The barrier (or rejection) layer
is a 0.1pm thick polyamide layer which is
supported by a polysulfone substructure. The
polyamide layer is formed by a polymerisation
process. (See Figure 1)

Although thin film composite membranes
based on this process have been used
for more than thirty years, the newest
technology now offers the possibility to

control the polymerisation process more
precisely. Accordingly, a strong focus of our
membrane development was the enhanced
polymerisation degree of the polyamide layer.
A higher polymerisation degree improves
the mechanical and chemical stability of the
thin barrier layer offering greater durability.
Additionally, the negative charge on the
membrane surface is reduced which leads

to a lower cationic adsorption (fouling) on
the membrane surface.

Due to its chemistry, the surface of a
polyamide membrane is usually negatively
charged, and often results in cationic fouling
that is extremely difficult to remove. A typical
example for cationic fouling is the fouling with
iron. Iron chloride (FeCl,) is a very common
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Figure 1: Structure of a thin film composite membrane

Reverse Osmosis - Membrane Chemistry and Functionality

Cramety 70 enor ] Frcioray o1 0 anorwe

<__lPaGe) \
r ' € tum

] | Pon Woven

-~ | $om100um




NEWS CLIPPING

LANXESS

Energizing Chemistry

flocculation chemical used in pretreatment
systems. If the dosing is too high, even just
for a short period, the cationic fouling can
irreversibly foul the RO membrane surface.
Apart from a well-adjusted iron chloride
dosing system, a lower negative surface
charge is the best option to reduce the fouling
potential of this event.

The membrane separation composite layer is
the most essential part of the RO separation
process. Before use, this critical component
is assembled into a device, called an RO
element. The winding process for spiral
wound RO elements involves many steps
all of which need to be carefully controlled.
The Lanxess manufacturing process
involves state-of-the-art robotic equipment
to carefully prepare the RO element to
exacting mechanical specifications. Much
of this development was conducted with
the assistance of outside Institutes who
applied modern computer aided design
capabilities to confirm mechanical strength
and optimise hydrodynamic design (see
Figure 2). This kind of critical development
process was necessary to assemble the
improved membrane chemistry into a modern
RO element.

The first field tests of the new Lewabrane
RO B400HR elements started in January
2012. The elements were placed in an
existing RO plant, which is treating 40m®hr
of Rhine river water after an Ultrafiltration
system. A total of six elements were
installed in a pressure vessel. The RO
system also contained several pressure
vessels with RO elements from another
supplier. These elements were installed
approx one year prior, and were operated in
parallel to the Lewabrane pressure vessel.
The entire RO system was operated in a
two stage system with a 6:3 array using six
element pressure vessels.
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Figure 2: Stress test on the Anti-telescoping device (ATD) and permeate tube

Process Demineralisation Desalination

Limits Conductivity < 2 uS/cm Conductivity < 0.055 pS/cm
TOC < 500 ppb TOC < 100 ppb
Si0, < 50 ppb Si0, < 10 ppb

Technology lon Exchange lon Exchange (mixed bed)
Reverse Osmosis Electrodeionisation (EDI)
Electrodialysis

Table 1: Selection of separation technique depending on required permeate quality.

In comparison with the installed elements
from another supplier, it could be shown
that the Lewabrane elements provided a
flux value in the same order of magnitude.
The Total Organic Carbon (TOC) and silica
rejection were measured periodically
during the field testing. The TOC rejection
was measured at approx 95-96 per cent,
and the rejection of the total silica was
measured at approx 99.3 per cent. In
conclusion, it was demonstrated that the
new Lewabrane RO membrane element
performs in a similar manner under the same
operating conditions.

The reason that Lanxess undertook the big
step in adding RO membrane technology
to its separation products portfolio is
that reverse osmosis is a complementary
technology to the ion exchange (IX) resins.
The LANXESS ion exchange resins have
been produced for more than 70 years under
the brand name Lewatit ®. As a general rule,
reverse osmosis can efficiently desalinate
water with a high salinity, but ion exchange
can selectively remove certain ions from
the water. Table 1 shows that depending
on the requested permeate quality, which
separation technique could be used.

In modern separation applications, combined
RO and IX processes are not only used in
applications like the desalination of boiler
feed water, but in other process applications
like the removal of Boron from sea water,

or the treatment of produced water from
unconventional gas resources. These
applications have recently been under
much discussion because of increasing
public concern for water quality and
environmental considerations.

The production of gas from unconventional
sources is growing rapidly worldwide. Water
that comes up along with the gas is not only
challenging to treat, but must often meet
strict regulatory standards prior to release
into the environment. Such regulations
pose challenges to water treatment system
designers. While varying significantly,
typical waters may have a TDS range of
2,500 - 10,000 mg/l, total alkalinity of
1,000 - 3,000 ppm as CaCO,, and a pH in
the order of 8-9. Since most inland areas
are sensitive to the discharge of salts,
the concentrate from a water treatment
process will require specialised disposal.
Therefore, minimizing the volume of waste
concentrate is paramount to the success of
the application. RO processes with a high
recovery rate and low usage of chemicals are
one solution. To achieve this goal, softening
with IX as pretreatment and inter-stage
treatment for a three stage, single pass RO
unit is one option.

In order to achieve a high recovery,
softening down to ppb levels of hardness
is required. To achieve this reliably,
particularly for high salinity water, a
selective IX process is used. One example
of this is the weak acid cation resin type
(for example, Lewatit CNP80), which is
typically used prior to the RO treatment
for brackish waters. Another example
is chelating resins, which are able to
effectively soften to ppb levels, even from
saturated brine solutions. This type is
typically used to soften the concentrate
from an RO plant, ahead of further RO
treatment. An iminodiacetic acid chelating
resin (for example, Lewatit MonoPlus
TP208) is typically selected when strontium
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