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Specification
"Title of Invention

Water purification system and method

The present invention consists in a water purification system. More
precisely, the present invention consists in a water purification system of the
type equipped with a purified water recirculation loop. The present invention
also relates to a water purification method using this system.

Many applications require the use of ultrapure water, in particular in
biological and chemical analysis labaoratories. Water purification systems have
been designed for this purpose.

Depending on the volumes of water that these applications require,
the purification systems are required to distribute purified water at their
maximum treatment throughput, at a throughput very much less than their
maximum treatment capacities, or even sometimes at a nil throughput.
Moreover, in some cases, it is necessary to deliver a predetermined volume
of purified water, and it is therefore beneficial to be able to automate the
distribution of a given volume without the user being obliged to monitor the
filing of the given volume. These variations of throughput in this kind of
system cause a number of problems, in particular water stagnation problems,
which compromise its purity.

The problem is therefore to design a water purification system
adapted, as required:

- to distribute purified water at a maximum treatment throughput,
for example to fill a container as quickly as possible,

- to distribute purified water at a very low throughput, for example
to adjust the water level in a container, and

-to distribute purified water automatically (volumetric mode) by
programming a certain volume of water to be delivered, for example to fill a
container, at the same time as providing the best possible water quality
regardless of the selected mode of operation and at any time, in particular
when water has not been drawn off for some time.

Several solutions to this technical problem have been proposed.
They generally provide water purification systems comprising a water
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recirculation loop fed at one point by an inlet for water to be purified and
having at least one purified water point of use outlet, and pumping means and
water purification means disposed in the loop respectively downstream
(relative to the water circulation direction) of the inlet point and upstream of
the at least one outlet point. The recirculation loop design is an effective way
to circulate water permanently in the system, avoiding problems linked to
stagnation of the water, and enabling the user to obtain purified water at the
point of use at any time.

A first prior art type of system of this kind includes a three-way
outlet valve that is manually operated to divert water to the outlet point and/or
to the recirculation loop. Accordingly, the user can distribute purified water to
the point of use either at a high throughput or at a low throughput at the same
time as maintaining a constant flow through the water purification means.

This type of valve being manual, it cannot provide an automatic
distribution mode for filling a predetermined voiume.

Another type of prior art water purification system includes at the
outlet a three-way solenoid valve of the on/off type with a normally closed
(NC) flow path and a normally open (NO) flow path.

This solenoid valve enables the user to deliver a predetermined
volume automatically, although without the possibility of adjusting the
distribution throughput.

One solution would entail operation in volumetric mode using an
electromagnetically controlled proportional three-way valve. However, this
type of valve is costly, bulky and complex. In this case, the volumetric
distribution mode imposes a very fast change from the recirculation position
to the distribution position of the valve, the response time and the inertia of
the valve conditioning the accuracy of the volume delivered.

Moreover, all three-way valves rule out the simultaneous use of
two (or more) points of use.

A third type of prior art system includes a distribution pump, a
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manual two-way valve or a two-way solenoid valve and a spring-loaded check
valve in the recirculation loop. This enables the user to distribute purified
water at a selected throughput at the same time as maintaining a constant
flow in the filter means, unused water being recirculated via the check valve.
In this system, in the case of an on/off type solenoid valve solution, the user
can distribute a predetermined volume automatically (volumetric mode). In the
case of a distribution pump equipped with a variable speed motor, distribution
with any throughput is possible but leads to a variation of the flow in the water
treatment means. This latter solution therefore caters for a volumetric mode
of operation as referred to above. In systems of this type the points of use are
equipped with a filter.

The above type of system is described in particular in the
document WQ88/052874.

The problem with this type of system equipped with a two-way
valve and a preloaded check valve is that the head loss induced in the filter at
the point of use at the maximum treatment throughput of the treatment means
may cause the check valve to open and allow some of the water in the
recirculation loop to pass through it, degrading the performance of the system
and the volumetric distribution function. Moreover, in this type of system, in
recirculation mode, the purified water is recirculated at the calibration
pressure of the check valve, which means that the treatment means remain
pressurized and a throughput peak occurs when the distribution valve opens.

The invention aims to alleviate these disadvantages.

A first aspect of the invention proposes a water purification system
comprising a closed water recirculation loop supplied at one point by a water
inlet with water to be purified and having at least one outlet point of use of the
purified water and further comprising pumping means and water purification
means on the loop respectively downstream of the inlet point and upstream of
the at least one outlet point, in the water flow direction, which system is

characterized in that it includes two independent valves:
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- a first valve on the loop upstream of the pumping means, and

- a second valve upstream of the at least one point of use outlet
point.

Thus the present invention proposes to use two two-way valves,
with one of them in the recirculation loop, with no additional back-pressure
device (for example a preloaded check valve), and the other on the
downstream side of the outlet from the treatment means, and used to
distribute purified water.

According to preferred features of the invention, which may where
applicable be combined.

- the two valves are solenoid valves of the type with two normally
closed (NC) flow paths;

- the system further comprises a control unit for the valves that
includes a user interface;

- the valve control unit further comprises a memory for saving data
supplied by a user;

- the water purification system comprises a hydraulic connector
forming a distributor or manifold for a hydraulic circuit including a purified fluid
inlet and three outlets, the inlet of the connector is connected directly to the
first outlet by a pipe and a second pipe is connected hydraulically to the first
pipe between said inlet and said first outlet and to a third pipe having two
ends forming the other two outlets of the system;

- the water purification system comprises two paraliel branches that
come together downstream of the hydraulic connector;

- the two parallel branches are made from thermoplastic materials
such as polyethylene, polypropylene or polytetrafluoroethylene.

The invention also relates to a method of using a system of the
above Kind that comprises the steps of opening the first valve, called
recirculation valve, and closing the second valve, called distribution valve, to

recirculate all the water treated by the treatment means.
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According to preferred features of the invention, which may where
applicable be combined, the method further comprises:

- the steps of opening the first or recirculation valve and opening
the second valve, called distribution valve to distribute purified water at a low
throughput;

- the steps of closing the first or recirculation valve and opening the
second valve, called distribution valve to distribute purified water at a high
throughput;

- a step of capturing a value for the volume of purified water to be
delivered entered by the user on the user interface, a step of storing that
value in the memory of the control unit and a step of automatically distributing
the entered volume of water, a fast change from a recirculation mode to a
distribution mode being obtained by instantaneously opening the distribution
valve and closing the recirculation valve.

It is preferable if two two-way on/off type normally closed (NC)
solenoid valves are used, as this caters for four state combinations: Open -
Open, Open - Closed, Closed - Open, Closed - Closed, each corresponding
to a different mode of operation of the system.

This technical solution meets all the requirements for a water
purification system mentioned above at the same time as proposing a design
that is economic, easy to use and easy to maintain. In particular, it offers
operation in the three modes described above.

in the recirculation mode, in which the recirculation valve is open
and the distribution valve is closed, water is not distributed by the system, the
outlet valve being closed. Consequently, all water leaving the treatment
means is recirculated to the treatment means via the recirculation valve.

In the low throughput distribution mode (throughput equivalent or
close to a dropwise rate), both valves are open to distribute purified water at a
low throughput and to recirculate the remainder in the recirculation loop. The

proportion of the water produced that is distributed is a function of the design
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and the sections of the distribution and recirculation pipes.

In the high throughput distribution mode (throughput equal to the
nominal throughput given by the distribution pump), the recirculation valve is
closed and the distribution valve is open. Recirculation is no longer possible
and all treated water is distributed via the distribution valve.

Finally, the fourth combination of the states of the two valves, with
both valves closed simultaneously, yields a fourth mode of operation, namely
an idle position mode with the distribution pump stopped and the water
treatment unit completely isolated from the points of use.

This mode is used for system maintenance, for example replacing
components of the water treatment means.

According to a preferred feature of the invention, which may where
applicable be combined with others, the solenoid valve control system may
have a volumetric automatic mode for distributing a precise preset quantity of
water that successively combines the recirculation mode and then the high
throughput mode. In this volumetric mode of operation, a fast change from
the recirculation mode to the distribution mode is obtained by instantaneously
opening the distribution valve and closing the recirculation valve. This
stabilizes the throughput and the quality of the water in the recirculation mode
before changing to the volumetric distribution mode, these functions being

. controlled automatically by the system.

A second aspect of the invention proposes a hydraulic connector
that forms a distributor or manifold for a hydraulic circuit of a fluid purification
system and has a purified fluid inlet and three outlets, the inlet being
connected directly to a first outlet of the three outlets by a pipe and a second
pipe being hydraulically connected to the first pipe between said inlet and said
first outlet and to a third pipe having two ends forming the other two outlets of
the connector.

According to preferred features of the invention, which may where
applicable be combined:
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- the hydraulic connector is a symmetrical pipework component;

- the first pipe has an outlet section smaller than its inlet section
and the sections of the two outlets of the third pipe are different;

- the inlet and outlet sections of the first pipe are substantially
equal to respective outlet sections of the third pipe;

- the section of the second pipe is less than or equal to the section
of the first outlet of the connector.

The invention further relates to a water purification system
including a purified water recirculation oop including water treatment means
and at least one point of use of purified water, the system being equipped
with a connector as described above downstream of the treatment means,
the inlet whereof is connected to the outlet of said treatment means and one
outlet whereof is connected to the recirculation loop upstream of the
treatment means, the system including two paraliel branches that come
together at the point of use and are connected to the other two outlets of the
connector,

The outlet of the device connected to the recirculation loop is
preferably an outlet other than said first outlet of the device connected directly
to the inlet by said first pipe.

According to an advantageous aspect of the invention, which may
where applicable be combined with others, after the outlet of the treatment
means, downstream of the connector, the purification system is equipped with
two parallel branches that are connected to the recirculation loop at two
different points downstream of the water purification means and come
together at the inlet of the point of use.

According to a preferred ‘aspect of the invention, the loop
advantageously includes a hydraulic connector forming an H-shaped
distributor (or manifold) in the recirculation loop for connecting said two
parallel diversion branches thereto and ensuring continuity of the recirculation

loop via the median portion of the H-shaped distributor.
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In this preferred embodiment, the two parallel branches have
different functions according to the respective states of the recirculation valve
and the distribution valve described above.

Accordingly, in this preferred embodiment of the invention, in the
recirculation mode, when the recirculation valve is open and the distribution
valve closed, because of the design of the distributor and the resulting relative
pressures at the distributor inlet and outlet, the two parallel branches behave
like a secondary recirculation loop, preferably with a throughput lower than
that of the main recirculation loop. The throughput of the secondary
recirculation loop is a function of the geometry of the distributor and of the
associated hydraulic circuit.

in the low throughput distribution mode, both valves are open and
the two parallel branches behave like a single branch, and each delivers
purified water to the point of use. The proportion of water distributed relative
to the water recirculated is in part a function of the section of the water pipes
and in particular of the geometry of the H-shaped component.

In the high throughput distribution mode, the two parallel branches
behave like a single branch and deliver purified water to the point of use.

Providing two parallel branches does not change in any way the
overall operation of the system of the invention with two valves in the modes
described above.

Note that this preferred embodiment of the invention is not limited
to the use of an H-shaped hydraulic connector, and to the contrary covers all
variants that will be evident to the person skilled in the art that exploit the
design with two parallel branches whereof the principles and advantages are
described above.

Moreover, it will be appreciated that the architecture with two
parallel branches enables the use of branches each having a diameter
smaller than a single branch providing the same throughput as the two
branches combined.
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Polyethylene (PE), polypropylene (PP) and polytetrafluoroethylene
(PTFE) are particularly suitable materials for fabricating pipes for circulating
purified water in this type of system. These materials are relatively rigid,
however, especially when they take the form of a tube having a large
diameter for distributing purified water at a high throughput. In sdme
applications it is beneficial to provide a flexible connection for distrib_u._‘ting
purified water at the point of use. In this preferred embodiment, the structure
with two pérallel branches of a system of the invention is exploited by using
two parallel branches that are preferably fabricated from PE or PP tubes and
are preferably of sufficiently small diameter to impart the required flexibility to
them at the same time as being of sufficiently large diameter to allow the
distribution of purified water at the maximum throughput via the two branches
simultaneously.

Features and advantages of the invention will emerge from the
following description of one embodiment of a system of the invention given by
way of illustrative and nonlimiting example and with reference to the
appended drawings, in. which:

- figure 1 is a diagram of a preferred embodiment of a system of
the invention in a recirculation mode;

- figure 2 is a diagram of a preferred embodiment of a system of
the invention in a high throughput operating mode;

- figure 3a is a diagram of a preferred embodiment of a system of
the invention in a low throughput operating mode;

- figure 3b.shows a variant of the figure 3a preferred embodiment;

- figure 4 is a diagram of a variant of the system shown in the
preceding figures, indicating the water treatment means; and

- figure 5 is a diagram of a hydraulic connector 140 according to
the invention forming a distributor or manifold.

As seen in figures 1 to 3 in particular, a water purification system

100 of the invention includes a water supply point 101 for supplying the
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system with water to be purified via a solenoid valve 110 and a recirculation
loop 106, a first portion whereof includes a pump 103, a flow meter 104 and
treatment means 150 and a second portion whereof includes a distributor or
manifold 140 connected at two separate points to said recirculation loop 106,
the first connection point being the purified water inlet and the second point
being a water outlet connected via the recirculation loop to a recirculation
solenoid valve 130, the outlet whereof is connected to the first portion of the
system. The distributor 140 further includes two other connection ends
respectively connected to two parallel water pipes that come together at their
ends opposite the distributor 140 at the inlet of a distribution sclenoid valve
120 for distributing purified water to the point of use 102, generally via a filter
107 or a finishing cartridge.

The finishing or polishing cartridge provides a final purification
specific to the different uses of the water produced.

For a reduction in the level of pyrogens and nucleases contained in
the purified water, an ultrafilter with a cut-off below 13000 daltons is placed in
the polishing cartridge.

For a reduction of endocrine disruptors contained in the purified
water, specific types of activated carbon are placed in the polishing cartridge.
For other applications necessitating a very low concentration of boron or silica
or heavy metals or organics disturbing the base-lines in liquid
chromatography, specific charged materials (ion exchange resins, charged
fibers, synthetic carbons, C18 grafted materials) are placed in the polishing
cartridge.

Figure 1 shows the solenoid valve 130 open and the solenoid valve
120 closed, these positions being symbolized by the letters "O" and "C",
respectively. As a result of this configuration of the valves the system
operates in the recirculation mode, i.e. purified water is not distributed by the
system, and so all the water leaving the treatment means passes through the
distributor 140 to rejoin the recirculation solenoid valve 13Q. In this case,
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because of the H-shaped design of the distributor 140, the two parallel
branches behave as a secondary recirculation loop and a portion of the
purified water passing through the distributor 140 is diverted to the parallel
branches in order to ensure circulation of water therein, the other portion of
the purified water being sent directly to the recirculation loop 106 via a bridge
141 of the distributor 140.

In figure 2, the letters "O" and "C" alongside the solenoid valves
130 and 120, respectively, indicate that the system is operating in the high
throughput distribution mode. In this case, all the water purified by the
treatment means 150 is distributed to the point of use 102 via the solenoid
valve 120, the recirculation solenoid valve 130 being closed. In a
configuration of the solenoid valves 130 and 120 of this kind, the parallel
branches behave like a single branch, the purified water flowing therein in the
same direction, as indicated by the arrows in figure 2.

Figure 3a shows the same system in a low throughput distribution
mode. Accordingly, the recirculation and distribution valves are open, as
indicated by the letter "O" in this figure. In this case, the two parallel branches
outgoing from the distributor 140 behave like a single branch and deliver
purified water to the point of use via the solenoid valve 120, most of the
purified water being recirculated directly to the solenoid valve 130 via the loop
106.

In an alternative embodiment, a spring-loaded check valve 121 is
placed between the parallel branches and the distribution solenoid valve 120.
An alternative configuration of this kind is shown in figure 3b. This kind of
check valve reduces the throughput at the point of use in the low throughput
mode of operation without degrading the throughput in the other modes of
operation.

Figure 4 is a diagram of a system similar to that represented in
figures 1 to 3 in which the water treatment means are indicated. Accordingy,
a first portion of the recirculation loop 106 includes a pump 103, a flow meter
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104, a pretreatment unit 151, a UV lamp 152, preferably operating at a
wavelength of 185 nm, a finishing cartridge 153, and a resistivity cell 154 that
is coupled to a total organic content (TOC) sensor 155 and the outlet whereof
is connected to the inlet 142 of the distributor 140. The outlet 144 of the
distributor 140 is connected in this variant to the inlet of another distributor
160, similar to the distributor 140, and also connected via two parallel
branches to a distribution valve for distributing water to a second distribution
point having an inlet 162 and three outlets 163, 164 and 165. In other
embodiments, using the same architecture but increasing the number of
distributors and therefore of points of use may be envisaged. Each point of
use may be equipped with a polishing cartridge specific to the different uses
of the user. The outlet of the final distributor, here the outlet 164 of the
distributor 160, is connected to the recirculation loop 106 on the upstream
side of the recirculation solenoid valve 130. Moreover, in this preferred
embodiment, each distribution point has a dispiay 148, 168 for showing
information relating to the water distributed at each of these points. In an
embodiment of this type, if two (or more) users are simultaneously drawing off
water at each of the two (or more) points of use, the high throughput mode
takes priority and the throughput is distributed to each of the points of use as
a function of the head losses.

A valve control unit 156 having a user interface and a memory for
saving data supplied by the user controls the operation of the system in the
various modes of operation described above, in particular in the volumetric
mode of operation.

Figure 5 shows a distributor 140 of the invention in section. It
comprises two symmetrical T-shaped members connected at their center by a
bridge 141. The ends 142, 144 to be connected to the recirculation loop 106
have a larger diameter than the ends 143, 145 that cooperate with the two
parallel branches. In a preferred embodiment, the diameter of the bridge 141
is slightly less than the diameter of the ends that cooperate with the two
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parallel branches. The latter diameter is preferably 6 mm and that of the ends
that cooperate with the recirculation loop is preferably 8 mm:

In this preferred embodiment, the two parallel branches consist of
PE tubes, preferably with an inside diameter of 4 mm to ensure that they are
flexible.

The system of the invention may advantageously have its inlet
connected to a tank or to a loop via a pressure regulator in order to reduce
the supply pressure from approximately 34.5 kPa to approximately 13.8 kPa.

ft goes without saying that many modifications or variants of the
system shown and described above will be evident to the person skilled in the
art that do not depart from the scope of the invention,
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Claims

1. Water purification system (100) comprising a closed water
recirculation loop (106) supplied at one point by a water inlet (101} with water
to be purified, and having at least one outlet point of use of the purified water
(102) and further comprising pumping means (103) and water purification
means (150) on the loop respectively downstream of the inlet point and
upstream of the at least one outlet point (102}, in the water flow direction,
which system is characterized in that it includes two independent valves:

- a first valve (130) on the loop upstream of the pumping means
(103), and

- a second valve (120) upstream of the at least one point of use
outlet point (102).

2. System according to claim 1, characterized in that the two
valves are solenoid valves of the type with two normally closed (NC) flow
paths.

3. System according to claim 2, characterized in that it further
‘comprises a control unit for the valves that includes a user interface.

4. System according to claim 3, characterized in that the valve
control unit further comprises a memory for saving data supplied by a user.

5. System according to any one of claims 1 to 4, characterized in
that a filter or a polishing cartridge is disposed between the or each second
valve and the or each corresponding outlet point of use.

6. Method of using a water purification system according to any
one of the preceding claims, characterized in that it comprises the steps of
opening the first valve, called recirculation valve, and closing the second
valve, called distribution valve, to recirculate all the water treated by the
treatment means.

7. Method of using a water purification system according to any
one of claims 1 to 5, characterized in that it comprises the steps of opening
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the first valve, called recirculation valve and opening the second valve, called
_distribution valve, to distribute purified water at a low throughput.

8. Method of using a water purification system according to any
one of claims 1 to 5, characterized in that it comprises the steps of closing the
first valve, called recirculation valve, and opening the second valve, called
distribution valve, to distribute purified water at a high throughput.

9. Method according to claim 7 or claim 8 of using a water
purification system according to claim 4, characterized in that it further
comprises a step of capturing a value for the volume of purified water to be
delivered entered by the user on the user interface, a step of storing that
value in the memory of the control unit and a step of automatically distributing
the entered volume of water, wherein a fast change from a recirculation mode
to a distribution mode is obtained by instantaneously opening the distribution
valve and closing the recirculation valve.

10. Water purification system according to any one of claims 1 to
5, characterized in that it comprises a hydraulic connector (140) that forms a
distributor or manifold for the hydraulic circuit of a fluid purification system
and has a purified fluid inlet and three outlets, the inlet of the connector is
connected directly to the first outiet by a pipe and a second pipe is connected
hydraulically to the first pipe between said inlet and said first outlet and to a
third pipe having two ends forming the other two outlets of the system.

11. Water purification system according to claim 10, characterized
in that it comprises two parallel branches that come together downstream of
the hydraulic connector.

12. Water purification system according to claim 11, characterized
in that the two parallel branches are made from polyethylene, polypropylene
or polytetrafluoroethylene.

13. Water purification method including the steps of:

- purifying water using water treatment means, and

- circulating the purified water in a recirculation line,
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characterized in that it further comprises at least one of the steps
of:

-opening a purified water distribution line connecting the
recirculation line to a purified water distribution point and opening the purified
water recirculation line to obtain distribution at a low throughput, and

- opening the water distribution line and closing the recirculation
line downstream of the water distribution line to obtain distribution at a high
throughput.

14. Water purification method according to claim 13, characterized
in that it further includes, independently of the foregoing steps, the step of
opening the distribution line and closing the recirculation line to obtain the

distribution of a predetermined volume of water.

1. Abstract

The present invention relates to a polishing cartridge for final
purification of water for distribution to a point of use, said cartridge containing
a C18 grafted media effective for reducing the level of contaminants in said
water.

2. Representative Drawing
Fig. 4
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