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(57) Abrégé/Abstract:

A reverse osmosis desalination system for treating feed water, the feed water containing minerals, the system comprising a reverse
osmosis unit comprising a first reverse osmosis stage (21) and a second reverse osmosis stage (22), each of the reverse osmosis
stages (21, 22) having a feed water input, a product water outlet and a brine outlet, and a fluidized bed crystallizer (30), configured
to remove minerals from the water, wherein the fluidized bed crystallizer (30) receives brine from the first reverse osmosis stage
(21) and passes treated water to the feed water input of the second reverse osmosis stage (22).
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areverse 0smosis unit comprising a first reverse osmosis stage (21) and a second reverse osmosis stage (22), each of the reverse osmosis
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REVERSE OSMOSIS SYSTEM WITH FLUIDIZED BED CRYSTALLIZER

[0001] This invention relates to a reverse osmosis system and a method of operating a reverse

osmosis system.

Background to the Invention

[0002] Reverse osmosis is a well-known method for treating feed water, in particular brackish or
sea water, by applying pressure to the feed water to force the water through a semi-permeable
membrane against the gradient of osmotic pressure, while dissolved minerals are blocked by the
membrane. Conventionally, sea water desalination plants use a double pass system, in which
permeate water from a first reverse osmaosis system, or first pass, is supplied as feed water to a
second reverse osmosis system, or second pass. By doing so, a much higher quality of product water

is obtained.

[0003] A problem with this method is that of rejecting borate ions from the feed water. In
particular, boric acid is undesirable in water for use in agriculture. In addition, the presence of
sparingly soluble salts, such as calcium or magnesium salts, limits the possible recovery in the second
pass, where high recovery can result in scaling of the membrane. In order to prevent scaling of the
membrane, various methods are used, including using anti-scalant chemicals. Raising the pH of the
feed water enables boric acid to be rejected as borate ions, but raising the water pH in this way

further enhances the likelihood of precipitation and scaling.

Summary of the Invention

[0004] According to a first aspect of the invention there is provided a reverse osmosis desalination
system for treating feed water, the feed water containing minerals, the system comprising a reverse
osmosis unit comprising a first reverse osmosis stage and a second reverse osmosis stage, each of
the reverse osmosis stages having a feed water input, a product water outlet and a brine outlet, and
a fluidized bed crystallizer, configured to remove minerals from the water, wherein the fluidized bed
crystallizer receives brine from the first reverse osmosis stage and passes treated water to the feed

water input of the second reverse osmosis stage.

[0005] The second reverse osmosis stage may be downstream of the first reverse osmosis stage.

[0006] The second reverse osmosis stage may be a final reverse osmosis stage.
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[0007] The second reverse osmosis stage may be upstream of the first reverse osmosis stage, the
fluidized bed crystallizer being located in a brine recycling line, such that brine from the second

reverse osmosis stage is supplied to the feed water input of the first reverse osmosis stage.

[0008] The system may comprise at least one further reverse osmosis stage having a feed water
input, the fluidized bed crystallizer further passing treated water to the feed water input of the at

least one further reverse osmosis stages.

[0009] The brine outlet of the second reverse osmosis stage may be connected to the feed water

input of the first reverse osmosis stage.

[0010] The system of may comprise a first reverse osmosis pass and a second reverse osmosis pass,
the second reverse osmosis pass comprising the first reverse osmosis stage and the second reverse

osmosis stage.

[0011] The system of may comprise a post-treatment unit, the post-treatment unit receiving at
least a portion of the minerals removed by the fluidized bed crystallizer and being operable to

reintroduce minerals to product water.

[0012] The dissolved minerals may be are calcium and/or magnesium compounds.

[0013] The system of may comprise a plurality of fluidized bed crystallizers, each of the fluidized

bed crystallizers being disposed between a pair of reverse osmosis stages.

[0014] The fluidized bed crystallizer may be configured to precipitate said minerals on a seed

material.

[0015] According to a second aspect of the invention there is provided a method of operating a
reverse osmosis desalination system for treating feed water comprising receiving brine from a brine
outlet of a first reverse osmosis stage, passing the brine to a fluidized bed crystallizer, and passing
treated water from the fluidized bed crystallizer to a feed water inlet of a second reverse osmosis

stage.

[0016] The second reverse osmosis stage may be downstream of the first reverse osmosis stage.

[0017] The second reverse osmosis stage may be upstream of the first reverse osmaosis stage, the
method comprising supplying brine from brine outlet of the second reverse osmosis stage to the

feed water input of the first reverse osmosis stage
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[0018] The method may comprise introducing at least some of the minerals removed by the at least

one fluidized bed crystallizer into a post-treatment unit to re-mineralize the water.

Brief Description of the Drawings

[0019] Embodiments of the invention are described by way of example only with reference to the

accompanying drawing, wherein;

[0020] Figure 1is an illustration of a two-pass reverse osmosis system,

[0021] Figure 2 is an illustration of a reverse osmosis system including two reverse osmosis stages

and a fluidized bed crystallizer,

[0022] Figure 3 is an illustration of a further reverse osmosis system similar to the system of figure

2’

[0023] Figure 3ais a graph illustrating the concentration of dissolved minerals in the system of

figure 3,and

[0024] Figure 4 is an illustration of a further reverse osmosis system.

Detailed Description of the Preferred Embodiments

[0025] With specific reference now to the drawings in detail, it is stressed that the particulars
shown are by way of example and for purposes of illustrative discussion of the preferred
embodiments of the present invention only, and are presented in the cause of providing what is
believed to be the most useful and readily understood description of the principles and conceptual
aspects of the invention. In this regard, no attempt is made to show structural details of the
invention in more detail than is necessary for a fundamental understanding of the invention, the
description taken with the drawings making apparent to those skilled in the art how the several

forms of the invention may be embodied in practice.

[0026] Before explaining at least one embodiment of the invention in detail, it is to be understood
that the invention is not limited in its application to the details of construction and the arrangement
of the components set forth in the following description or illustrated in the drawings. The invention
is applicable to other embodiments or of being practiced or carried out in various ways. Also, it is to
be understood that the phraseology and terminology employed herein is for the purpose of

description and should not be regarded as limiting.



[0027] Referring now to figure 1, a reverse osmosis system is generally shown at 10, comprising a
first reverse osmosis pass 11 and a second reverse osmosis pass 12. Each pass has a plurality of
reverse osmosis stages, each stage comprising one or more pressure vessels with a plurality of semi-
permeable membranes. Feed water, such as sea water, is supplied under pressure on line 13 to an
inlet of the first pass 11. Permeate or product water from an outlet of first pass 11 is supplied on line
14 to an inlet of second pass 12. Product water is received from the second pass 12 on line 15.
Effluent water with a higher concentration of dissolved minerals, referred to as brine, is removed
from first pass 11 on line 16 and from second pass 12 on line 17. Brine from line 16 and 17 may be
recirculated into the feed water of the first pass 11 or second pass 12. Feed water on line 13 may be

pre-treated, and product water on line 15 may be post-treated.

[0028] A part of the system 10 is shown at 20, comprising a first reverse osmosis stage 21 and a
second reverse osmosis stage 22. In this example, the second reverse osmosis stage 22 is
downstream of the first reverse osmosis stage 21, thatis the principal supply of feed water to
second reverse osmosis stage 22 comes from first reverse osmosis stage 21. Feed water is supplied
on line 23 to an inlet of first reverse osmosis stage 21. Product water from a product water outlet of
first reverse osmosis stage 21 is removed on line 24. Brinefrom a brine outlet of first reverse
osmosis stage 21 is supplied on line 25 to second reverse osmosis stage 22. Product water from a
product water outlet of second reverse osmosis stage 22 is similarly removed on line 24. Brine from a
brine outlet of second reverse osmosis stage 22 is removed on line 26, potentially to be passed to a

further reverse osmosis stage or to a brine recycling line as discussed in more detail below.

[0029] To remove dissolved minerals from the brine supplied to the second reverse osmosis stage
22 and allow operation of the stage at a higher pH, a fluidized bed crystallizer 30 is provided on line
25. In a fluidized bed crystallizer, water to be treated is forced upwardly through a bed of seed
particles such as sand, so that the seed particles are in suspension. Dissolved minerals precipitate
onto the seed particles and fall to a lower part of the apparatus, thus reducing the dissolved solid in
the feed water and allow the precipitated minerals to be easily removed. A salt removal line 31 is
connected to the fluidized bed crystallizer 30, to receive the removed minerals. Accordingly, by
passing the feed water through the fluidized bed crystallizer in this way, the total dissolved solids in

the feed water can be reduced.

[0030] The second reverse osmosis stage 22 may be the final stage in the pass. Alternatively, the
fluidized bed crystallizer 30 may be located between any other pair of reverse osmosis stages. In
particular, as the concentration of dissolved minerals in the brine supplied as feed water increases,

the saturation index of the feed water will increase. By locating a fluidized bed crystallizer 30

4
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between stages where the brine concentration is approaching its maximum saturation, the
concentration can then be reduced and limit precipitation and scaling in the subsequent stage. This
is illustrated with reference to figures 3 and 3a. Figure 3 shows a part of system 10, generally shown
at 40, including first reverse osmosis stage 21, and further osmosis stages 41, 42. Further reverse
osmosis stage 41 is upstream of first reverse osmosis stage 21, as brine from a brine outlet of
reverse osmosis stage 41 is supplied to a feed water inlet of first reverse osmosis stage 21. Further
reverse osmosis stage 42 is disposed downstream of first reverse osmosis stage, and may be
immediately downstream of first reverse osmosis stage 21 (i.e. in similar manner to second reverse
osmosis stage 22 of figure 2) or there may be multiple stages in between reverse osmosis stages 21

and 42.

[0031] Graph 43 shows the concentration of dissolved minerals in the feed water in the system 40
as it progresses through subsequent stages. The concentration can be any index, for example the
Stiff & Davis saturation index. The maximum S&D saturation is shown by dashed line 44. As shown
by line 45, the concentration will steadily increase (as water is removed as product water by passing
through the semi-permeable membranes). By locating a fluidized bed crystallizer at point X, before
the saturation index reaches the maximum saturation level, the concentration can be sharply

reduced and the risk of precipitation and scaling reduced.

[0032] By interposing a fluidized bed crystallizer 30 in the sequence of stages in this way, the entire
second pass 12 can be operated at a higher pH level, for example at least pH 11, and recovery level
without causing scaling or precipitation or requiring chemical treatment to prevent or reduce
scaling. The increased pH level thus allows boric acid to be rejected as borate ions, meeting the
required water quality limits. The pH level may be increased by treating the feed water supplied to

reverse osmosis stage 54, or at any point in the brine recycling circuit.

[0033] If required, the pH of the feed water can be increased before it is supplied to the fluidized
bed crystallizer, for example by the addition of sodium hydroxide or calcium hydroxide. As a result of
the precipitation of sparingly soluble salts in the fluidized bed crystallizer, the pH will be
subsequently decreased. In addition, if required, the pH of fluidized bed crystallizer effluent can be
further decreased by the addition of acid. The use of additional treatment chemicals may not be
required however, depending on the pH of the feed water and effluent, providing that the pH of the
water supplied from the fluidized bed crystallizer to the subsequent reverse osmosis stage is at a

desired operating level as discussed above.
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[0034] Although a single fluidized bed crystallizer 30 is shown, a plurality of fluidized bed
crystallizers may be provided, located between stages as appropriate whenever the saturation index

approaches the maximum value.

[0035] In an alternative configuration as shown at 50 in figure 4, a fluidized bed crystallizer 30 is
located in a brine recycling line. A plurality of reverse osmosis stages, in this example four, are
shown at 51 to 54. Brine from the brine outlet of reverse osmosis stage 54 is supplied to reverse
osmosis stage 53 on line 54a, brine from the brine outlet of reverse osmosis stage 53 is supplied to
reverse osmosis stage 52 on line 53a and brine from the brine outlet of reverse osmosis stage 52 is
supplied to reverse osmosis stage 51 on line 52a. Product water from the product water outlets of

reverse osmosis stages 51 to 54 is removed on line 55.

[0036] As shown by brine recycling line 56, brine from the first reverse osmosis stage is passed to
fluidized bed crystallizer 30. Dissolved minerals are removed from the brine and removed as shown
by 31, and the treated brine supplied to one or more of reverse osmosis stages 52 and 53 as shown
by lines 30a, 30b. In this example, the reverse osmosis stage 52 or 53 is regarded as the second
reverse osmosis stage, in that it receives brine from first reverse osmosis stage 51 at a feed water
inlet via the fluidized bed crystallizer 30, and is upstream of first reverse osmosis stage 51 in that
brine from the second reverse osmosis stage is the principal component of the feed water supplied
to first reverse osmosis stage 51. In addition, water from the fluidized bed crystallizer 30 may be
supplied back to first reverse osmosis stage 51 as shown by line 30c. Further additionally, a part of
the brine from the brine outlet of reverse osmosis stage 52 may be supplied directly to the fluidized
bed crystallizer 30 rather than to first reverse osmosis stage 51, as shown by line 52b. Rather than
reducing the concentration of dissolved minerals in the feed water by locating the fluidized bed
crystallizer between particular stages as in the example of figure 3, the system of figure 4 maintains
a reduced concentration in a general manner by removing minerals from the recycled brine and
using the resulting water to dilute the brine supplied as feed water to each stage. The relative
proportion of water supplied to each stage may be controlled as desired, and some or all of the

brine from first reverse osmosis stage 51 may be supplied to the fluidized bed crystallizer 30.

[0037] In the present example, system 20, 40, or 50 is provided as part of the second pass 12.
However, it will be apparent that the systems and configurations described above may be located

anywhere as appropriate or desirable in a reverse osmosis system,

[0038] Product water generated from a water purification or distillation apparatus such as from the

water treatment system described herein must treated after purification to adjust the pH to
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approximately 8. Conventionally this is done performed for example by using carbonation or where
appropriate by blending with source water. In this example, the appropriate post-treatment is
provided by reintroducing minerals from the fluidized bed crystallizer 30. A post-treatment
apparatus (not shown) may receive removed minerals on line 31 from the fluidized bed crystallizer
30 and product water on line 24, 55, and the product water is treated with the recovered minerals to
decrease the pH of the treated water to its desired level. The post-treatment apparatus may be any
suitable conventional apparatus as desired, depending on the form in which the removed minerals
are received from the fluidized bed crystallizer 30. It will be apparent that this modification
advantageously provides a simple and on-site method of treating the product water from water

reverse osmosis system 10.

[0039] In the above description, an embodiment is an example or implementation of the invention.

The various appearances of “one embodiment”, “an embodiment” or “some embodiments” do not

necessarily all refer to the same embodiments.

[0040] Although various features of the invention may be described in the context of a single
embodiment, the features may also be provided separately or in any suitable combination.
Conversely, although the invention may be described herein in the context of separate

embodiments for clarity, the invention may also be implemented in a single embodiment.

[0041] Furthermore, it is to be understood that the invention can be carried out or practiced in
various ways and that the invention can be implemented in embodiments other than the ones

outlined in the description above.

[0042] Meanings of technical and scientific terms used herein are to be commonly understood as

by one of ordinary skill in the art to which the invention belongs, unless otherwise defined.



CLAIMS

1. A reverse osmosis desalination system for treating feed water, the feed water containing

minerals, the system comprising:

a reverse osmosis unit comprising a first reverse osmosis stage and a second reverse osmosis
stage, each of the reverse osmosis stages having a feed water input, a product water outlet and a brine

outlet, and
a fluidized bed crystallizer,

wherein the fluidized bed crystallizer receives brine from the first reverse osmosis stage and

passes treated water to the feed water input of the second reverse osmosis stage;

and wherein the second reverse osmosis stage is upstream of the first reverse osmosis stage,
the fluidized bed crystallizer being located in the brine recycling line, such that brine from the second

reverse osmosis stage is supplied to the feed water input of the first reverse osmosis stage;

the system further comprising at least one further reverse osmosis stage to receive feed
water containing minerals and to produce brine for the first and second reverse osmosis stage

having a feed water input.

2. The system of claim 1, further comprising a first reverse osmosis pass upstream of the further

reverse osmosis stage.

3. The system of claim 1, further comprising a post-treatment unit, the post-treatment unit
receiving at least a portion of the minerals removed by the fluidized bed crystallizer and

reintroducing the minerals to product water.

4, The system of claim 1, comprising a plurality of fluidized bed crystallizers.
5. The system of claim 1, wherein the fluidized bed crystallizer is configured to precipitate

said minerals on a seed material.
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