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process comprising hydrogenating an anthraquinone in a working solution, oxidizing the hydrogenated anthraquinone with oxygen
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reactor) to hydrogenate the anthraquinone in the working solution(hydrogenation skid 1);a skid mounted module comprising at least
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Plant for hydrogen peroxide production and process using it

This application claims priority to EP application No. 12159153.1 filed on
March 13, 2012, the whole content of this application being incorporated herein
by reference for all purposes.

The present invention relates to a new plant design for producing hydrogen
peroxide, especially for producing aqueous hydrogen peroxide solutions, and in
particular for direct use in an industrial application. The new plant design is
suitable for manufacturing hydrogen peroxide by the anthraquinone autoxidation
process (AO-process).

The production of hydrogen peroxide as such is well known. Hydrogen
peroxide can be produced by various methods, e.g. by direct hydrogenation of
oxygen (direct synthesis) or more commonly by the so-called anthraquinone
autoxidation process (AO-process). The present invention particularly relates to
a new plant design for the more common industrial AO-process.

Hydrogen peroxide is one of the most important inorganic chemicals to be
produced worldwide. The world production of hydrogen peroxide grew
to 3.2 million metric tons (100 % H,0,) in 2009. Its industrial application
includes textile, pulp and paper bleaching, paper recycling, organic synthesis
(propylene oxide), the manufacture of inorganic chemicals and detergents,
environmental and other applications. In the context of the present invention the
industrial application pulp and paper bleaching, mining or environmental
applications are of particular interest.

Hydrogen peroxide production is performed by a few chemical companies
that produce it in large scale plants as an up to 50 — 70 percent concentrate in
water (% by weight). Because of the highly oxidative characteristics of that level
of concentration hydrogen peroxide usually is adjusted to a 50 percent
concentration for safe handling and transport, and 70 percent concentrates
normally are used only for transport over large distance due to cost reasons. For
safety reasons the hydrogen peroxide product is normally diluted to at least 50 %
before application, but for most applications it will be applied in a concentration
of below 15 %. In order to minimize operations, the dilution to the effective
concentration normally occurs within the application itself by adding the

appropriate amount of a higher concentrated solution of usually not more than



WO 2013/135491 PCT/EP2013/054035

10

15

20

25

30

35

S0

50 % hydrogen peroxide. Ultimately, hydrogen peroxide is used in various
concentrations depending on the application, ¢.g. in a variety of applications
hydrogen peroxide is used in a concentration of approximately 1 — 15 percent.
Some particular examples of such hydrogen peroxide concentrations (% by
weight) are, depending on the kind of industrial application: pulp bleaching

2 — 10 %; waste water oxidation 1 — 5 %; consumer products surface cleaning
1 — 8 %. In other applications such as disinfection the hydrogen peroxide
concentration may be higher, e.g. in aseptic packaging typical concentrations
may be 35 % or 25 %.

Thus, hydrogen peroxide is typically produced using a cyclical
anthraquinone process (AO-process) comprising the hydrogenation of
anthraquinone working solution in a catalytic reactor and the oxidation of the
hydrogenated anthraquinone working solution by air in a multi-stage packed bed
or sieve plate tower while simultancously producing hydrogen peroxide in the
organic stream, with the consecutive extraction of the hydrogen peroxide from
the anthraquinone working solution by water in a multistage counter-current
extraction column process. The organic solvent of choice is typically a mixture
of two types of solvents, one being a good solvent of the quinone derivative
(usually a mixture of aromatic compounds) and the other being a good solvent of
the hydroxyquinone derivative (usually a long chain alcohol or cyclic ester).
Next to said main AO-process steps, there may be other ancillary process steps
involved, such like the separation of the hydrogenation catalyst from the working
solution; the recovery and polish purification of the anthraquinone working
solution, the accompanying solvents, and their recycle to the hydrogenator;
and the recovery, polish purification and stabilization of the hydrogen peroxide
product.

This AO-process utilizes alkylanthraquinone compounds, such as
2-cethylanthraquinone, 2-amylanthraquinone, and their 5,6,7,8-tetrahydro
derivatives as the working compounds dissolved in a suitable organic solvent or
mixture of organic solvents. These solutions of alkylanthraquinones are referred
to as working solutions. In the first stage of the anthraquinone process
(hydrogenation step), the working solution is subjected to hydrogenation in order
to reduce the working compounds to their hydrogenated form, the
alkylhydroanthraquinones. The hydrogenation of the working compounds is
accomplished by mixing hydrogen gas with the working solution and contacting

the resulting solution with an appropriate hydrogenation catalyst. In the second



WO 2013/135491 PCT/EP2013/054035

10

15

20

25

30

35

-3-

stage of the cyclical AO-process (the oxidation step), the hydrogenated working
compounds, i.e. the alkylhydroanthraquinones, are oxidized using oxygen, air, or
a suitable oxygen containing compound in order to produce hydrogen peroxide
and restore the working compound to its original form. The hydrogen peroxide
produced in the oxidation step is then removed from the working solution,
typically by extraction with water, and the remaining working solution
containing the alkylanthraquinones is recycled to the hydrogenation step to again
commence the process. The hydrogenation step may be carried out in the
presence of a fluid-bed catalyst or a fixed-bed catalyst. Either method is known
to have its particular advantages and disadvantages.

In a fluid-bed hydrogenation reactor, good contact between the three
phases therein is obtained and thus the productivity and selectivity are generally
high. However, the catalyst particles can be broken down by abrasion and can
block the filters needed to separate the suspended catalyst and the hydrogenated
working solution. This kind of reactor is also subject to back mixing. So, the
use of suspended catalyst frequently requires the use of a larger hydrogenation
reactor and expensive filtration sector to obtain a fully hydrogenated form.

In the fixed-bed hydrogenation reactor the catalyst does not abrade as
much as the fluid-bed reactor and, if operated in a concurrent flow, does not
result in back-mixing. But the reaction rate of a fixed-bed hydrogenation reactor
is limited by the relatively slow rate of dissolution of hydrogen from the gas
phase into the working solution, and also by the proportionally lower Pd surface
per unit weight of a fixed bed versus a fluid bed catalyst. Therefore, to dissolve
the required quantity of hydrogen necessary to thoroughly reduce all of the
working compounds, the working solution has normally to be recycled several
times. Thus, a very large recycle stream and a correspondingly large
hydrogenation reactor are required, and thus adding to the capital costs of the
process. In addition, the recycling of the hydrogenated solution results in over-
hydrogenation of the working compounds so that they are ineffective in the
overall process.

A special kind of fixed-bed reactors are the so-called trickle-bed reactors
which are generally known in the literature (see ¢. g. NG K. M. and CHU C. F.
Chemical Engineering Progress, 1987, 83 (11), p. 55-63). Although the trickle-
bed reactors are primarily used in the petroleum industry for hydrocracking,
hydrodesulfurization, and hydrodenitrogenation, and in the petrochemical

industry for hydrogenation and oxidation of organic compounds, nevertheless,
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the trickle-bed hydrogenation reactor is also found in some versions of the
AO-process for the manufacture of hydrogen peroxide. The term trickle-bed is
used here to mean a reactor in which a liquid phase and a gaseous phase flow
concurrently downward through a fixed bed of catalyst particles while the
reaction takes place. Current practice in operating the trickle-bed reactor still
relies mainly on empirical correlations between parameters such as pressure
drop, dispersion coefficients, heat and mass transfer coefficients and flow rates
of both gas and liquid. From the literature it is also known to operate trickle-bed
reactors under different flow patterns such like "trickling", "pulsing”, "spray",
"bubble" and "dispersed bubble"”. One of the major problems in the use of the
trickle-bed, especially in the trickle-flow regime, is the possibility of channeling
in the fixed-bed hydrogenation reactor.

The before described AO-processes based on the original Riedel-Pfleiderer
concept are designed for the industrial large-scale and even up to mega-scale
production of hydrogen peroxide. Thus, conventional hydrogen peroxide
production processes are normally carried out in large- to mega-scale hydrogen
peroxide production plants with production capacities of about 40,000
to 330,000 (metric) tons of hydrogen peroxide per year. Thus, currently there are
plants in industrial operation with a production capacity of e.g. 40 to 50 ktpy
(kilo tons per year) at the low end, with a capacity of up to 160 ktpy, and the
world largest mega-plants provide a capacity of 230 ktpy (Antwerp) and
330 ktpy (Thailand). In these processes, normally the production capacity in case
of fixed beds is limited to 50 ktpy and usually plants with production capacities
above 50 ktpy are operated with fluid-bed reactors.

These conventional AO-processes and respective production plants are
complicated and require many and large installments of equipment, a number of
competent staff for maintenance of the equipment and operation of the main and
ancillary process steps, and special safeguards to handle the resulting hydrogen
peroxide in its usually high concentrations of 40 percent, and the further
concentration to 50 to 70 percent. Hence, much management attention and
frequent maintenance is required. In addition to the complexity of such large- to
mega scale production processes, it is noted that a substantial part of the
produced hydrogen peroxide needs to be transported, e.g. by train or truck, to be
used by customers in their own industrial applications. Such transports by train

and truck need special precautions in view of related safety and security issues.
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On the other hand a variety of the customers’ industrial applications of
hydrogen peroxide do not require highly concentrated hydrogen peroxide
solutions for their applications, and therefore, as already explained above, the
hydrogen peroxide solutions which were concentrated for the purpose of an

5  economic transportation, usually to a hydrogen peroxide concentration of about
50 percent, are only used in a lower concentration of e.g. 1 to 15 percent at the
customer site for its specific local application, e.g. particularly for the use in the
pulp and paper industry or the textile industry, or for use in the mining industry
or for environmental applications.

10 Furthermore, the current large scale hydrogen peroxide AO-processes
according to the Riedel-Pfleiderer concept typically are highly capital- and
energy-intensive processes, and the costs associated with them are passed on to
low-volume end users. These end users would benefit from methods for
producing hydrogen peroxide more economically without the concomitant

15  capital costs and handling problems associated with current production schemes
in smaller local plant environments close to the end user’s site.

The US patent 5,662,878 (issued Sep. 2, 1997 and assigned to the
University of Chicago) already discusses the need for a process that would allow
effective hydrogen peroxide production in small plant environments at a "host"

20 industrial site. Briefly, the US patent 5,662,878 describes a method for
producing hydrogen peroxide comprising supplying an anthraquinone-containing
solution ; subjecting the solution to hydrogen to hydrogenate the anthraquinone ;
mixing air with the solution containing hydrogenated anthraquinone to oxidize
the solution ; contacting the oxidized solution with a hydrophilic membrane to

25  produce a permeate ; and recovering hydrogen peroxide from the permeate. The
proposed method for producing hydrogen peroxide claims as a feature the
utilization of membrane technologies to isolate hydrogen peroxide from the
process reaction liquid. The focus of the teaching of US patent 5,662,878 is the
utilization of the membrane technology for producing hydrogen peroxide that is

30  wvirtually free of organics, and the ability to retain expensive organic solvents in
reaction liquors for reuse.

According to the US patent 5,662,878 the Riedel-Pfleiderer AO-processes
are considered unsuitable for small scale production and medium scale
production. This is believed because the packed tower used for oxidation, and

35  the column for hydrogen peroxide extraction are very large and do not easily

scale up or down for modularity and operational flexibility. Also, typical
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extractors are multi-stage, very large in volume and are deemed difficult to scale
down and deemed to tend being highly unstable, and thus requiring a high degree
of operational control.

Although one might assume that the AO-process may be performed on
industrial small-to-medium scale so as to merely satisfy local demand, in the
state of the art it is still deemed that such processes require the use of many
pieces of equipment, much management attention, and frequent maintenance,
and that they are difficult to scale down and difficult to make such processes
profitable. Therefore, the industrial production of hydrogen peroxide still relies
on large-scale production facilities and related process optimizations. Thus, no
small scale industrial production facility (500 — 5,000 metric tons per year) or
medium scale industrial production facility (5,000 — 20,000 metric tons per year)
is operated up to now. It appears that industry either ignored the industrial
potential of small-to-medium scale hydrogen peroxide production facilities or
assumed technical and/or economical hurdles to apply such small to medium
scale methods for industrially producing hydrogen peroxide, as compared to the
well-established large-scale industrial production and available logistics to ship
hydrogen peroxide, all despite the required hazardous concentrating by
distillation and final concentration of the hydrogen peroxide for the purpose of
shipping and the finally required dilution for use at customer site.

Therefore, even today a very high need exists in the art to produce
hydrogen peroxide without the concomitant capital costs and handling problems
associated with current large-scale to mega-scale production schemes.

The present invention has therefore as an objective to develop new
processes and associated new plant designs that would allow effective industrial
hydrogen peroxide production in small-to-medium size plant environments,
particularly on a customer industrial site, on low-volume end users’ sites or other
suitable "host" industrial sites. Ideally, as a further objective of the invention,
such a small-to-medium scale hydrogen peroxide production in small-to-medium
size plant environments should be suitable for being performed in an as modular
as possible small-to-medium size AO-process plant which allows for casy
assembling and/or exchange of individual equipment parts, simple service and
maintenance, simple operations and control. Also, the small-to-medium scale
industrial hydrogen peroxide production should allow for being remotely
controlled, e.g. from a distant large-scale hydrogen peroxide production site, or

any other site where staff optimally trained and experienced regarding the
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manufacture of hydrogen peroxide by the AO-process can be centralized and the
control of the hydrogen peroxide production can be optimized and maintained in
more practical and economical manner. Accordingly, in view of the above
mentioned objectives, such a small-to-medium industrial hydrogen peroxide AO-
process plant, in particular a remotely controlled AO-process plant, should be as
modular as possible (“modular mini-AO process plant”), and also provide for the
ability of quick start-up, shut-down and turnaround, while also accommodating
variability in production rates, and the plant should be as simple and robust as
possible to allow for an end user friendly hydrogen peroxide production plant,
which may be easily remotely controlled, for instance, from another distant
large-scale hydrogen peroxide production site, and which plant stably runs in
continuous operation and may be easily supported and maintained with a
minimum need forlocal (e.g. on customer site) technical and/or physical
intervention, and/or a minimum of disruption or down time in case of service
and maintenance.

Particularly, an objective of the present invention is to provide such an
industrial technically, operationally and economically feasible small-to-medium
AO-process plant design, which preferably allows for a remotely controlled
small-to-medium hydrogen peroxide AO-process and is automated to such an
extent that it can be easily and safely operated in continuous operation proximal
to a site or on-site of an end user or hydrogen peroxide customer industrial
application site, and which can be easily supported and maintained with a
minimum need forlocal (e.g. on customer site) technical and/or physical
intervention and also allows for easy assembling and/or exchange of individual
equipment parts, simple service and maintenance.

Therefore, the present invention provides an improved plant suitable to
industrially produce hydrogen peroxide on-site especially for the direct use as
aqueous hydrogen peroxide in a variety of customers’ industrial applications of
hydrogen peroxide that do not require highly concentrated hydrogen peroxide
solutions for their applications. Usually, the plant of the present invention is
designed to produce hydrogen peroxide for the direct use of aqueous hydrogen
peroxide solutions in a lower concentration of e.g. 1 to 15 percent (by weight) at
the customer site for its specific local application, e.g. particularly for the use in
the pulp and paper industry or the textile industry, or for use in the mining
industry or for environmental applications. The plant according to the present

invention is a modular plant design for performing a mini-AQO process for the
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manufacture of hydrogen peroxide, and in particular of hydrogen peroxide
solutions with a concentration in the range of 1 to 15 percent (by weight). The
plant may be easily installed at a customer site, because of the transportable size
of the majority of the plant units, e.g. the mini-AO plant modules, which are
mounted to one or more skids. The modules may be fabricated at a site different
from the customer site, or in optional cases it can be fabricated also at the
customer site. Thus, the concept of the present invention is to have an installation
made of different parts (units or modules) that can each be manufactured in a
different location, then transported to the customer's site, assembled together to
make the hydrogen peroxide on-site plant. Such a concept is also applied to the
mini-AO plants, i.e. to have a mini-plant made of several elements which are
casily dismountable, wherein each of the elements can be manufactured in a
different remote location, then transported to the mini-plant location where they
are in a very simple way assembled together.

Particularly, the invention concerns an industrial modular hydrogen
peroxide manufacturing plant wherein hydrogen peroxide can be manufactured
by the mini-AQO process. The term “modular” will be explained in more detail
below and, for example but without limitation, means that the plant comprises
one or more modules which can be fabricated at different locations or the same
location, and beassembled at e.g. any industrial hydrogen peroxide consuming
site or customer plant. The modular plant comprises skid modules
for the hydrogenator (hydrogenation skid 1), the oxidizer (oxidizer skid 2),
optionally a process air compressor equipment (process air compressor skid 3)
and optionally an equipment to recover solvent (solvent recovery unit skid 4),
and means to extract hydrogen peroxide (extraction skid 5). However, usually
the extraction skid 5 will not carry the extraction column itself, because normally
it would be too large to fit within said extraction skid. Thus, normally the
extraction skid will include only the ancillary equipment of the extraction
column which would be fabricated and transported separately. Skids 3 and 4
would not be necessary if oxygen (“pure” oxygen) were used, ¢.g. especially
where available in bulk supply, e.g. technical grade oxygen.

A list of the major equipment items to be included within each of the
denoted skids is given hereunder. The equipment items allocated to each skid

usually comprise the following.
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In the Hydrogenation Skid : Hydrogenator ; Hydrogen Recycle
Compressor ; Catalyst Filter ; Oxidizer Feed Tank ; Oxidizer Feed Pump ; Guard
Catalyst Bed.

In the Oxidation Skid : Oxidizer Feed Cooler ; Oxidizer ; Degasser ;
Extraction Feed Pump ; Off-Gas Condenser ; Off-Gas Demister.

In the Process Air Compressor Skid : Process Air Compressor Package ;
Suction Air Filter ; After Cooler-Condenser.

In the Solvent Recovery Skid : Activated Carbon Adsorption Package ;
Regeneration Condenser ; Solvent/Water Decanter ; Solvent Return Pump ;
Water Return Pump.

In the Extraction Skid: Extraction Column; Coalescer; Hydrogenator
Feed Pump.

The key to the present invention is its modularity to the extent as much as
possible. This means that the industrial modular hydrogen peroxide
manufacturing plant according to the invention is a plant for the manufacture of
hydrogen peroxide, in particular of aqueous hydrogen peroxide solutions, by the
mini-AQO process which is designed and sized regarding its before mentioned
components such that these components, particularly the hydrogenator, the
oxidizer, the optional process air compressor and the optional solvent recovery
unit, and the means to extract hydrogen peroxide are individual elements
(modules) of the overall plant that which allow for pre-fabrication, e.g. at a
different site than the site where the plant is finally operated, are transportable
and allow for easy assembling and/or exchange of individual equipment parts,
simple service and maintenance. Thus, the term “modularity” and equivalent
terms like, for example but without limitation, “module”, “modular”,
“modularization” means the possibility and the degree to which the components
of a system, ¢.g. of a device, equipment, tool, building, production facility or
even of an industrial plant may be separated and recombined.

In essence, modularity therefore refers to an engineering technique that builds
larger systems by combining smaller subsystems.

In the context of the present invention “module” or “modular” refers to the
concept of modularity and also refers to “modular design”, the engineering
discipline of designing complex devices using separately designed sub-
components. “Modular design” or "modularity in design” is an approach that
subdivides a system into smaller parts (modules) that can be independently

created and then used in different systems to drive multiple functionalities.
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A modular system can be characterized e.g. by the following : a) functional
partitioning into discrete scalable, reusable modules consisting of isolated, self-
contained functional elements ; b) rigorous use of well-defined modular
interfaces, including object-oriented descriptions of module functionality ;

¢) case of change to achieve technology transparency and, to the extent possible,
make use of industry standards for key interfaces. Besides reduction in cost, ¢.g.
due to lesser customization, and less learning time, and besides flexibility in
design, modularity offers other benefits such as augmentation, e.g. adding new
solution by merely plugging in a new module, and exclusion.

Thus, the modular design combines the advantages of standardization (high
volume normally equals low manufacturing costs) with those of customization,
and consequently all of these skids of the AO-process plant are easily
interchangeable as long as they use parts that support the same standard interface
as the replaced skid and as long as they effectively function in combination with
the other skids.

The skilled person will be very familiar with the concept of modularity
which is widely used in various technological fields and related to technical
systems, and analogously applies to the modular plant of the present invention
for the manufacture of hydrogen peroxide. Systems, ¢.g. a device, tool or
fabrication installations are deemed “modular”, for example, when they can be
decomposed into a number of components that may be mixed and matched in a
variety of configurations. The components are able to connect, interact, or
exchange resources (e.g. such as materials, agents, energy, data) in some way, by
adhering to a standardized interface. Unlike a tightly integrated system whereby
each component is designed to work specifically (and often exclusively) with
other particular components in a tightly coupled system, modular systems are
systems of components that are more “loosely coupled”, meaning that they are
more flexible with regard to, for example but without limitation, combining,
connecting, disconnecting (pre-)fabrication, transportation, assembling and/or
exchange of individual system components.

Using “more loosely-coupled” structures enables to achieve greater scope
flexibility and scale flexibility. The modules can be switched easily between
different manufacturing sites or customers compared to building the AO-process
capabilities completely at a site as standard plant. Overall, modularization
enables responding to different market needs more quickly and more flexible and

quicker reaction to changing general or market conditions.
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Therefore, in the context of the present invention, the meaning of the term
“modularity” relates to a new industrial plant design for manufacturing hydrogen
peroxide by the AO-process, wherein modularity refers to the design and
engineering technique to build an AO-process plant for manufacturing hydrogen
peroxide as the larger systems by combining the various skids mentioned herein
as the smaller subsystems of the overall AO-process plant; or modularity equally
refers to the design and engineering technique to build each of the various skids
mentioned herein as larger subsystems by combining the appropriate equipment
items mentioned herein as even smaller subsystems of each skid.

Modularity also means the use of exchangeable parts or equipment options
used in the AO-process, ¢.g. exchangeable skids or exchangeable equipment
items of each skid.

Modularity therefore refers to the construction of the moduls or skids for
the AO-process plant, as described herein, by joining together standardized
equipment items as mentioned herein to form as larger compositions each skid as
described herein. Modularity also covers the principle that an AO-process plant
according to the present invention is composed of modules or self-sufficient
parts for performing each of the various AO-process steps. Thus, the invention
provides a new concept of an AO-process plant, in particular of a mini-AO
process plant, wherein the AO-process plant is composed of independent, closed,
specific process step modules, e.g. modularity in the context of the invention
refers to the construction of a skid by joining together standardized equipment
items to form a larger skid, for example but without limitation, the hydrogenation
skid, the oxidation skid and the extraction skid, and/or to the use of a such a skid
mounted module as a standardized unit related to hydrogen peroxide production
capacity and to the corresponding proportion of skids.

A modular AO-process plant (and also modular mini-AO-process plant)
generally consists of universal parts (or modules) that can be manufactured in a
factory and then shipped to a plant site where they are assembled into a complete
AO-process plant arrangement. Therefore, advantageously the modular
AO-process plant and in particular any universal part or module thereof, e.g. its
reactor systems and other parts, should be (very) compact, meaning that the size
and dimensions thereof are adapted to allow for easy mouning on a skid and/or
handling during transportation, installation, connecting or disconnecting and/or

exchange or replacement.
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Thus, the modular design, in particulat the compact modular design, allows
building AO-process plants with easily replaceable parts, e.g. the skids that use
standardized interfaces. This modular design also allows to upgrade certain
aspects of a modular AO-process plant easily without having to reconstruct
another AO-process plant altogether.

The modular plant of the present invention provides hydrogen peroxide
produced by the autoxidation process (AO-process), in particular an aqueous
hydrogen peroxide solution, to an industrial process which applies hydrogen
peroxide as agent to perform chemistry in this process which plant comprises as
minimum required components skid mounted modules including at least one skid
(and preferably at least two) mounted module(s) selected from the group
consisting of a hydrogenation skid, an oxidation skid and an extraction skid.
Short description of the drawings

Figure I shows details of an embodiment of a modular plant according to
the invention with a useful arrangement of skids, e.g. an arrangement including
the main modules: the hydrogenation skid, the oxidation skid and the extraction
skid. In this example embodiment of the invention a layout of skid-mounted
modules is shown which combines the oxidizer and the hydrogenator on the
same skid. The example also shows the coalescer related to the extraction
column (“CLEX”). The modular mini-AO-process plant of this example is
designed for a hydrogen peroxide production capacity of 7.5 ktpy.

Figure 2 shows a side evaluation of the hydrogenator which in this
example is configured as a fixed bed hydrogenator for liquid phase reaction.
Detailed description of the invention

In its broadest aspect the present invention provides an industrial
technically, operationally and economically feasible plant for the industrial
manufacture of hydrogen peroxide, in particular of aqueous hydrogen peroxide
solutions, by the autoxidation process (AO-process), which plant is an
arrangement of skid mounted modules of various reactors, and optionally
utilities, conventionally used in an autoxidation process (AO-process) for the
manufacture hydrogen peroxide, for example skids for a hydrogenator
(hydrogenation skid), an oxidizer (oxidation skid) and means to extract hydrogen
peroxide (extraction skid). This arrangement of skid mounted modules is
particularly suitable for a modular small-to-medium sized AO-process plant and
the arrangement allows for easy assembling and/or exchange of individual

equipment parts (modules, skids), simple service and maintenance, simple
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operations and control. This aspect of the invention will be referred to in the

following as “modular concept” or “modular design”.

In more detail the modular plant according to the invention is directed to a
plant for production of hydrogen peroxide, in particular of aqueous hydrogen
peroxide solutions, by the autoxidation process (AO-process), the process
comprising hydrogenating an anthraquinone in a working solution, oxidizing the
hydrogenated anthraquinone with oxygen to form hydrogen peroxide and
extracting the hydrogen peroxide from the working solution, the plant compris-
ing at least one skid mounted module selected from the group consisting of
- a skid mounted module comprising at least one hydrogenator (hydrogenation

reactor) to hydrogenate the anthraquinone in the working solution, denoted as
skid 1 (hydrogenation skid) ;

- a skid mounted module comprising at least one oxidizer (oxidation reactor) to
oxidize the hydrogenated anthraquinone with oxygen to form hydrogen
peroxide, denoted as skid 2 (oxidizer skid) ;

- optionally a skid mounted module comprising at least one means to compress
air (process air compressor), denoted as skid 3 (process air compressor skid),
to feed oxygen, in particular oxygen from the air, into an oxidizer of skid 2,
and in case of presence of skid 3 a further skid mounted module comprising at
least one means to recover the solvent (solvent recovery unit), denoted as
skid 4 (solvent recovery unit skid), in particular if oxygen from the air is used
to feed oxygen into an oxidizer of skid 2 ;

- a skid mounted module comprising at least one means to extract the hydrogen
peroxide from the working solution (extraction unit), denoted as skid 5
(extraction skid) ;

- a skid mounted module, denoted as skid 6, comprising at least one means to
deliver hydrogen peroxide solution to the point of use and/or optionally to a
storage tank optionally with additional means for adjusting the hydrogen
peroxide concentration.

In brief, the modular plant according to the invention may comprises five
main skid mounted modules, a hydrogenator mounted on the skid 1, an oxidizer
mounted on the skid 2, a process air compressor mounted on the skid 3, a solvent
recovery unit mounted on skid 4 and extraction equipment (means to extract
hydrogen peroxide) mounted on skid 5, and a skid mounted module (skid 6) with
means for delivery of hydrogen peroxide solution to the point of use and/or

optionally to a storage tank. These modules may be mounted on separate



WO 2013/135491 PCT/EP2013/054035

10

15

20

25

30

35

- 14 -

individual skids or alternatively it is possible to combine certain modules on the
same skid. Thus, the hydrogenator and the oxidizer, for example, may be
mounted each on separate skids, a hydrogenation skid 1 and an oxidation skid 2,
or alternatively the hydrogenator and the oxidizer may be mounted together on
the same skid, the denoted as combined hydrogenation/oxidation skid 1-2.
Particularly, this combination option skid 1-2 may be the case where intensified
hydrogenation and oxidation reactors are used; hydrogenation and/or oxidation
related ancillary equipment then usually may be installed within the same

skid 1-2. In case of the extraction skid 5, depending on the size and capacity of
the modular AO-process plant, optionally the extraction skid 5 may have an
extraction column of smaller size and/or usually just is connectable to at least
one, especially larger sized, extraction column. However, normally the
extraction column will be too large to fit within the extraction skid 5, and in this
case it will carry only ancillary means for the extraction of hydrogen peroxide,
but will be connectable to at least one extraction column. Also, it is possible to
combine all or part of the any ancillary means normally used in the manufacture
of hydrogen peroxide by the AO-process in the same skid, if so wished and if
capacity and overall circumstances at a plant site allow.

Furthermore, some modules may not be required depending on the
conditions of the overall autoxidation process (AO-process) and the specific
arrangement of the plant. For example in the oxidation step, the hydrogenated
working compounds, i.¢. the alkylhydroanthraquinones, can be oxidized using
(“pure”) oxygen, air, oxygenated air, or a suitable oxygen containing compound
in order to produce hydrogen peroxide and restore the working compound to its
original form. Now, skids 3 and 4 would not be necessary if, for example,
(“pure”) oxygen were used in the oxidation step, e.g. in case of a site where
oxygen is available in bulk supply, because under such condition and
arrangement of a (“pure”) oxygen supply no process air compressor skid and no
solvent recovery skid would be required.

The terms “oxygen” or “pure oxygen” in the present context mean a gaz
essentially consisting of oxygen, usually oxygen of technical grade or oxygen
with a purity of bulk supply oxygen as normally understood by those skilled in
the art, with only minor other gaz constituents, and in a composition compatible
with for example the catalyst and working solution. Thus, normally such “pure”
oxygen will have a purity of at least 90 vol.-%, preferably of at least 95 vol.-%,
more preferably of at least 97 vol.-%, and most preferably of at least 99 vol.-%.
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In case the oxygen purity is of at least 90 vol.-%, then there is no need for a
Process Air Compressor skid and no need for a Solvent Recovery skid.

A list of the major equipment items to be included within each skid of a
plant for production of hydrogen peroxide, especially of aqueous hydrogen
peroxide solutions, by the autoxidation process (AO-process) according to the
present invention is given hereunder, e.g. the equipment items allocated to each
skid, for example: the hydrogenation skid 1, oxidation skid 2, the optional
process air compressor skid 3, the optional solvent recovery skid 4, and the
extraction skid 5. The meaning of terms used for the typical equipment and
utilities for the manufacturing of hydrogen peroxide by the autoxidation process,

2% <6 2% <6 2% GC

e.g. terms like “hydrogenator”, “oxidizer”, “extractor”,

EE Y

extraction”, “catalyst”,

EE Y EE TS EE Y

“working solution”, “hydrogen”, “oxygen”, “pure oxygen” “pure oxygen in bulk
supply”, “air”, “process air”, “oxygenated air”, and the functioning of such
equipment and utilities, is well known to those skilled in the art, as well as for
related ancillaries.

As described, skid 6 comprises at least one means to deliver hydrogen
peroxide solution to the point of use and/or storage tank. Normally the produced
aqueous hydrogen peroxide solution can be directly delivered from skid 6 to a
point of use, but under circumstances it might be useful to collect all or a portion
of the crude hydrogen peroxide solution in a storage tank before further
delivery to the actual point of use. This may for example be in case of downtime
or of reduced consumption by the hydrogen peroxide utilizing application. Or
this may be to compensate for downtime or reduced hydrogen peroxide
production, ¢.g. in case of maintenance activities related to the modular hydrogen
peroxide AO-process plant. Thus, optionally, the modular plant according to the
invention for the production of (aqueous) hydrogen peroxide (solutions) by the
autoxidation process (AO-process) may foresee a product storage tank for the
storage of produced crude hydrogen peroxide solution. However, this storage
tank would not be mounted on a skid, as this product storage tank would be too
large to fit on a skid, and so this would normally be built on site. The storage
tank, of course, would also be equipped with product delivery pumps, and
optionally may also be equipped with additional means for adjusting the
hydrogen peroxide concentration, like on skid 6. The person skilled in the art is
well aware of any equipment, ancillaries, materials and the like that might be
needed to set up, operate and maintain such a storage tank, as well as about

related operating conditions.
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Instead of providing a separate analysis skid for the plant, but which may
be foreseen if so wished, it is envisaged that the analysis, for example but
without limitation, of the hydrogen peroxide solution or the working solution,
usually will be done only occasionally as deemed appropriate by the skilled
person, in a small section of the porta-cabin housing the control (e.g. mini-DCS)
and interlock hardware (e.g. safety PLC), motor control centre (MCC) and
operator station. The person skilled in the art is well aware of any equipment,
ancillaries, materials and the like that might be needed to set up, operate and
maintain such means for the analysis.

In this aspect of the invention the modular AO-process plant comprises
specific safety equipment or safety means (interlock system) to allow for
automatic safe shutdown in case of incidents that require interruption of the
hydrogen peroxide production for e.g. for safety reasons or other deficiencies
with regard to the process or utilities, to the equipment, sensors, computers,
communication network and the like. In such case the modular AO-process
plant is controlled by a computer which will include a safety PLC (independent
protection layer) or hardwired relay based system for the monitoring and
automatic safe shutdown of the plant in case of abnormalities (interlock system).
In such cases, a beep or cell phone message could be sent to the local operator in
charge of the plant, which could then enter the plant at a convenient time (maybe
the next day; as the plant can be provided with intermediate product storage, the
client or consumer will not be affected) in order to restart the plant safely (e.g. in
this case of automatic safe shutdown no remote startup must be foreseen).

Normally there will also be means for drawing off used working solution
from the autoxidation process and means for feeding fresh working solution into
the autoxidation process. There is not necessarily a specific separate skid
required for such means, which may be integrated on the same or on a different
skid as denoted above as skids 1 to 6. For example but without limitation, from
time to time (e.g. without limitation periodical like monthly, quarterly or
annually) the emptying and replenishing of working solution can be done
directly into and from ISO-containers without need for intermittent storage.
Despite there is no need for providing a separate skid or module for empting or
replenishing the plant, such equipment may be foreseen if so wished. The person
skilled in the art is well aware of any equipment, ancillaries, materials and the
like that might be needed to set up, operate and maintain such means for the

emptying and/or replenishing of the AO-process plant.



WO 2013/135491 PCT/EP2013/054035

10

15

20

25

30

35

-17 -

Despite there is no need for providing a separate skid for intermittent
storage of fresh working solution and/or for used working solution, under
circumstances it might be useful to collect all or a portion of the used working
solution in a storage tank and/or to have fresh working solution ready for use in a
storage tank before filling it into the AO-process plant.

Thus, optionally, the modular plant according to the invention for the
production of (aqueous) hydrogen peroxide (solutions) by the autoxidation
process (AO-process) may foresee such a storage tank for either at least one or
for both, the used working solution and the fresh working solution. However,
such a storage tank would generally not be mounted on a skid, as it would be too
large to fit on a skid, and so such storage tanks normally would be site-
fabricated. The storage tank, of course, would preferably also be equipped with
pumps, and optionally may also be equipped with other required ancillary means.
The person skilled in the art is well aware of any equipment, ancillaries,
materials and the like that might be needed to set up, operate and maintain such a
storage tank for the used and/or fresh working solution, as well as about related
operating conditions. Alternatively, it will be also possible to engage one or more
mobile storage tank or liquid containers, for example a road tanker or a train
freight car suited to safely transport large quantities of industrial liquids.

Analogously, as described above for the analysis equipment, instead of
providing a separate a skid mounted module comprising one or more means to
operate the skid mounted modules of the AO-process plant, but which may be
foreseen if so wished, it is envisaged that the operation and control equipment,
materials and ancillaries would also be in the form of a porta-cabin. The person
skilled in the art is well aware of any equipment, ancillaries, materials and the
like that might be needed to set up, operate and maintain such means for the
operation and control of an AO-process plant.

Optionally the skid mounted modules employed in the context of the
present invention may be complemented and/or supplemented by additional
installations comprising one or more means for providing utilities and/or other
ancillaries commonly employed in the autoxidation process as appropriate.

In the embodiments of a plant for production of (aqueous) hydrogen
peroxide (solutions) by the autoxidation process (AO-process) according to the
present invention, the hydrogenation skid 1 normally comprises at least one or

more equipment items selected from the group of Hydrogenator, Hydrogen
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Recycle Compressor, Catalyst Filter, Oxidizer Feed Tank, Oxidizer Feed Pump
and Guard Catalyst Bed.

Herein, the meaning of terms used for said equipment items of the
Hydrogenation Skid and functioning of such equipment and of utilities used
therein, as well as for related ancillaries, is well known to those skilled in the art.

For example, the Hydrogenator is understood as reactor or reactor system
(hydrogenation unit) for hydrogenating a working solution in the presence of a
catalyst, wherein said working solution contains at least one anthraquinone,
normally an alkylanthraquinone, dissolved in at least one organic solvent, to
obtain at least one corresponding anthrahydroquinone compound, normally an
alkylanthrahydroquinone compound. Next to this main component of the
hydrogenation skid, a Hydrogen Recycle Compressor can be included, as well as
a Catalyst Filter to avoid transition of potentially abraded catalyst into the
oxidizer, the Oxidizer Feed Tank, the Oxidizer Feed Pump and the Guard
Catalyst Bed as shown in Fig. 1.

The hydrogenation in the hydrogenator may be performed in a
conventional manner with a typical hydrogenation catalyst suited for a process
for the manufacture of hydrogen peroxide by the Riedel-Pfleiderer AO-process
and its variants. Typical hydrogenating catalysts known for the anthraquinone
cyclic process can be used as catalysts in the hydrogenation stage, for instance,
such as noble metal catalysts containing one or more noble metals from the
series Pd, Pt, Ir, Rh and Ru. The catalysts known for the anthraquinone cyclic
process can be in the form of fixed- bed catalysts or in the form of suspended
catalysts, suspended catalysts being able to be used both in the form of an
unsupported catalyst, e. g. palladium black or Raney nickel, and in the form of a
supported suspended catalyst. While other catalytic metals may be used, for the
purpose of the invention it was found that hydrogenation catalyst shall preferably
comprise palladium (Pd) as the catalytic metal, preferable in combination with
silver (Ag), and that such catalysts shall be used in the hydrogenation step.
Palladium and palladium/silver catalysts are known to the ordinary skilled
artisan, and Pd as well as Pd/Ag-catalysts optimized for the AO-process are
described in the state of the art. As an example for a typical Pd/Ag
hydrogenation catalyst composition reference is made to WO 98/15350
(Solvay Interox) which describes a Pd/Ag catalyst composition of 0.5-2.5 %
by wt. Pd and 0.5-2.5 % by wt. Ag, and which is used in a process for the

manufacture of hydrogen peroxide by the anthraquinone process.
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The hydrogenator may be operated with a fixed-bed catalyst of a Pd/Ag
combination as the catalytic metal. In an alternative variant the hydrogenator
may also be operated with a slurry catalyst. The fixed-bed catalyst usually
consists of a packing of solid hydrogenation catalyst particles. It is generally
desirable that the average diameter of these particles should be in the range of
from about 0.2 to 10 mm. In a preferred embodiment of the process according to
the invention the catalyst granules in the fixed bed have an average particle
diameter of from 1 to 5 mm. Preferably, the catalyst of a Pd/Ag combination
displays high initial selectivity and long-term stability outweighing the higher
costs compared to a slurry catalyst. Productivities may be improved and/or costs
(carrier/manufacture) may decreased by using lower particle sizes (e.g.1-2 mm).

In the embodiments of a plant for production of (aqueous) hydrogen
peroxide (solutions) by the autoxidation process (AO-process) according to the
present invention, the oxidizer skid 2 normally comprises at least one or more
equipment items selected from the group of Oxidizer Feed Cooler, Oxidizer,
Degasser, Extraction Feed Pump, Off-Gas Condenser and Off-Gas Demister.
Herein, the meaning of terms used for said equipment items of the Oxidizer Skid
and functioning of such equipment and of utilities used therein, as well as for
related ancillaries, is well known to those skilled in the art.

For example, the Oxidizer is understood as reactor or reactor system
(oxidation unit) for oxidizing said at least one anthrahydroquinone compound,
normally an alkylanthrahydroquinone compound, resulting from the
hydrogenator with oxygen or an oxygen comprising gaz back into the
corresponding anthrahydroquinone, normally alkylanthrahydroquinone
compound, and thereby to obtain hydrogen peroxide.

The oxidation step in the Oxidizer is following the previous step of
hydrogenating the working compound dissolved in the in the working solution.
In the oxidation step, the hydrogenated working compounds, i.e. the
alkylhydroanthraquinones, are oxidized using oxygen, air, oxygenated air, or a
suitable oxygen containing compound in order to produce hydrogen peroxide and
restore the working compound to its original form. The oxidation may take place
in a conventional manner as known for the AO-process. Typical oxidation
reactor types known for the anthraquinone cyclic process can be used for the
oxidation. Bubble reactors, through which the oxygen-containing gas and the
working solution are passed co-currently or counter-currently, are frequently

used. The bubble reactors can be free from internal devices or preferably contain
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internal devices in the form of packing or sieve plates. Oxidation can be
performed at a temperature in the range from 30 to 70 °C, particularly at

40 to 60 °C. Oxidation is normally performed with an excess of oxygen, so that
preferably over 90 %, particularly over 95 %, of the alkyl anthrahydroquinones
contained in the working solution in hydroquinone form are converted to the
quinone form. For example, the oxidation may be performed in any type of
oxidation reactor, ¢.g. such as CSTRs (continuous stirred tank reactor), but other
forms of oxidation reactors may be applied, too. The oxidation reactor preferably
has the advantage of being (very) compact and of showing good performance,
e.g. in terms of selectivity and productivity. Optionally, the oxidation reactor
may have been subjected to protection measures against corrosion, before being
placed into the production and/or during the production. In view of the extraction
step following the oxidation, water addition may be beneficial already in the
mini-AO-process oxidation step.

The hydrogen peroxide produced in the oxidation step in the Oxidizer is
then removed from the working solution, typically by extraction with water, and
the remaining working solution containing the alkylanthraquinones in their
original form is preferably recycled to the hydrogenation step to again perform
the process. Hence, in this preferred embodiment, the process is a loop process.
In the embodiments of a plant for production of hydrogen peroxide, preferably of
aqueous hydrogen peroxide solutions, by the autoxidation process (AO-process)
according to the present invention, the extraction skid 5 for the means to extract
hydrogen peroxide normally comprises at least one or more equipment items
selected from the group of Cooler, Coalescer and Hydrogenator Feed Pump, and
optionally an Extraction Column and/or being connectable to an Extraction
Column. Depending on the size and capacity of the modular AO-process plant
the extraction skid 5 may have an extraction column of smaller size and/or alter-
natively is connectable to at least one, especially larger sized, extraction column.
Normally the extraction column will be too large to fit within the extraction skid
5, and in this case skid 5 will carry only ancillary means for the extraction of
hydrogen peroxide, but will be connectable to at least one extraction column.
Herein, the meaning of terms used for said equipment items of the Extraction
Skid and functioning of such equipment and of utilities used therein, is well

known to those skilled in the art, as well as for related ancillaries.
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The Extraction Column is understood as a system for extracting the
hydrogen peroxide, which is formed in the Oxidizer, with water from the
working solution to result in a crude aqueous hydrogen peroxide solution.

The Coalescer is understood as a technological device performing
coalescence. A coalescer is primarily used to separate emulsions into their
components via various processes and is operating in reverse to an emulsifier.

In the embodiments of a plant for production of hydrogen peroxide,
preferably of aqueous hydrogen peroxide solutions, by the autoxidation process
(AO-process) according to the present invention, the optional process air
compressor skid 3 normally comprises at least one or more equipment items
selected from the group of Process Air Compressor Package, Suction Air Filter
and After Cooler-Condenser. Herein, the meaning of terms used for said
equipment items of the Process Air Compressor Skid and functioning of such
equipment and of utilities used therein, is well known to those skilled in the art,
as well as for related ancillaries.

In the embodiments of a plant for production of hydrogen peroxide,
preferably of aqueous hydrogen peroxide solutions, by the autoxidation process
(AO-process) according to the present invention, the optional solvent recovery
unit skid 4 normally comprises at least one or more equipment items selected
from the group of Activated Carbon Adsorption Package, Regeneration
Condenser, Solvent/Water Decanter, Solvent Return Pump and Water Return
Pump. Herein, the meaning of terms used for said equipment items of the
Solvent Recovery Skid and functioning of such equipment and of utilities used
therein, is well known to those skilled in the art, as well as for related ancillaries.

Those skilled in the art are also very familiar with the principles of the
autoxidation process (AO-process) for the manufacturing of hydrogen peroxide,
¢.g. besides the typical equipment, ancillaries and utilities for the manufacturing
of hydrogen peroxide by the autoxidation process, also the process chemistry, the
process operation, analysis and control and the handling of the hydrogen
peroxide product, as well as the related ancillary processes, are well known to
those skilled in the art. Therefore, the person skilled in the autoxidation process
(AO-process) for manufacturing hydrogen peroxide may easily perform such an
AO-process in the modular plant according to the invention. This means that
also in the modular plant according to the present invention, as described above,
in a first step a working compound, for example an anthraquinone, particularly

an alkylanthraquinone, which is dissolved in a solvent (e.g. together called
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working solution) is hydrogenated with elemental hydrogen in the presence of a
catalyst. After the hydrogenation of the working compound dissolved in the in
the working solution, the next process step of the cyclical mini-AO-process is the
oxidation step. In the oxidation step, the hydrogenated working compounds, i.¢.
the alkylhydroanthraquinones, are oxidized using oxygen, air, oxygenated air, or
a suitable oxygen containing compound in order to produce hydrogen peroxide
and restore the working compound to its original form. The hydrogen peroxide
produced in the oxidation step is then removed from the working solution,
typically by extraction with water, and the remaining working solution
containing the alkylanthraquinones in their original form is recycled to the
hydrogenation step to again commence the process.

It was already mentioned above that, depending on the type of oxidizing
agent, the modular plant according to the present invention may comprise all the
skids 1 to 6 or that alternatively the skids 3 (Process Air Compressor Skid) and 4
(Solvent Recovery Skid) would be void if “oxygen” or “pure oxygen” were used
as the oxidizing agent.

Thus, in one embodiment the invention, e.g. in case of using air,
oxygenated air or oxygen with a purity of less than 90 vol.-% oxygen, the
invention pertains to a plant for production of hydrogen peroxide, particularly of
aqueous hydrogen peroxide solutions, by the autoxidation process (AO-process)
comprising an oxygen from the air supply unit used to feed oxygen into an
oxidizer of skid 2 and further comprising at least one skid mounted module
selected from the group consisting of
- a skid mounted module comprising at least one hydrogenator (hydrogenation

reactor) to hydrogenate the anthraquinone in the working solution, denoted as
skid 1 (hydrogenation skid) ;

- a skid mounted module comprising at least one oxidizer (oxidation reactor) to
oxidize the hydrogenated anthraquinone with oxygen to form hydrogen
peroxide, denoted as skid 2 (oxidizer skid) ;

- a skid mounted module comprising at least one means to compress air
(process air compressor), denoted as skid 3 (process air compressor skid), to
feed oxygen, in particular oxygen from the air, into an oxidizer of skid 2, and
comprising a further skid mounted module comprising at least one means to
recover the solvent (solvent recovery unit), denoted as skid 4 (solvent
recovery unit skid) ;
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- a skid mounted module comprising at least one means to extract the hydrogen
peroxide from the working solution (extraction unit), denoted as skid 5
(extraction skid) ;

- a skid mounted module, denoted as skid 6, comprising at least one means to
deliver hydrogen peroxide solution to the point of use and/or optionally to a
storage tank optionally with additional means for adjusting the hydrogen
peroxide concentration.

Optionally, also in this variant of the invention, the skid mounted modules
employed in the context of the present invention may be complemented and/or
supplemented by additional installations comprising one or more means for
providing ancillaries and/or utilities commonly employed in the autoxidation
process as appropriate.

In another embodiment the invention, e.g. in case of using “oxygen” or
“pure oxygen”, e.g. oxygen with a purity of at least 90 vol.-% oxygen, the
invention pertains to a plant for production of hydrogen peroxide, preferably of
aqueous hydrogen peroxide solutions, by the autoxidation process (AO-process)
comprising a (“pure”’) oxygen supply unit used to feed oxygen into an oxidizer of
skid 2 and further comprising at least one skid mounted module selected from
the group consisting of
- a skid mounted module comprising at least one hydrogenator (hydrogenation

reactor) to hydrogenate the anthraquinone in the working solution, denoted as
skid 1 (hydrogenation skid) ;

- a skid mounted module comprising at least one oxidizer (oxidation reactor) to
oxidize the hydrogenated anthraquinone with oxygen to form hydrogen
peroxide, denoted as skid 2 (oxidizer skid) ;

- a skid mounted module comprising at least one means to extract the hydrogen
peroxide from the working solution (extraction unit), denoted as skid 5
(extraction skid) ;

- a skid mounted module, denoted as skid 6, comprising at least one means to
deliver hydrogen peroxide solution to the point of use and/or optionally to a
storage tank optionally with additional means for adjusting the hydrogen
peroxide concentration.

Optionally, also in this variant of the invention, the skid mounted modules
employed in the context of the present invention may be complemented and/or

supplemented by additional installations comprising one or more means for
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providing ancillaries and/or utilities commonly employed in the autoxidation
process as appropriate.

The embodiments of the present invention concerning a modular concept
or modular design of a plant for the production of hydrogen peroxide, preferably
of aqueous hydrogen peroxide solutions, by the autoxidation process (AO-
process) is particularly suitable to be realized as a hydrogen peroxide production
facility which is located at a customer or host site where hydrogen peroxide is
consumed in a customer’s or in a host site’s industrial process, and insofar the
modular plant according to the present invention differs from conventional large-
to-mega scale plants for the production of hydrogen peroxide, which are usually
hydrogen peroxide plants providing for a larger hydrogen peroxide production
capacity of at least 30 kilo tons per year, and more usually of at least 40 kilo tons
per year.

As compared to conventional large scale hydrogen peroxide production
plants, the modular plant according to the invention is simplified and automated
as much as possible in order to allow for being easily and safely operated and
remotely controllable, such that it stably runs in continuous operation proximal
to or on-site of an end user or hydrogen peroxide customer industrial application
site, and such that it can be easily supported and maintained with a minimum
need forlocal (e.g. on customer site) technical and/or physical intervention.

Surprisingly, it was found that such a modular plant for the hydrogen
peroxide production proximal to or on-site of a hydrogen peroxide using
customer (“host” site) may be achieved if the modular plant design and the
AO-process therein is sized to a small-to-medium scale hydrogen peroxide
production capacity. Thus, the modular plant of the invention is particularly
suitable for the manufacture of hydrogen peroxide by the AO-process with a
small-to-medium scale production capacity of hydrogen peroxide of up to 20 kilo
tons per year (ktpy) i.e. of maximum 20 ktpy. Preferably the modular plant of the
invention is designed for a production capacity of hydrogen peroxide of up to 15
kilo tons per year (ktpy), and more preferably with a production capacity of
hydrogen peroxide of up to 10 kilo tons per year (ktpy). The abbreviation “ktpy”
in the context of the present invention means the dimension kilo tons per year
and relates to metric tons. Further, said small-to-medium-scale hydrogen
peroxide production process scale will be referred to in the following as

(modular) “mini-AO-plant” and (modular) “mini-AO-process”, respectively.
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Consequently, in a preferred embodiment the invention pertains to a plant
for production of hydrogen peroxide, particularly of aqueous hydrogen peroxide
solutions, by the autoxidation process (AO-process) wherein the hydrogenation
skid 1, oxidation skid 2 and extraction skid 5 together with any optional skid are
designed as a modular reactor system, preferably as a compact modular reactor
system, which is configured to operate as a small-to-medium scale AO-process
with a production capacity of hydrogen peroxide of up to 20 kilo tons per year
(ktpy), preferably with a production capacity of hydrogen peroxide of up to 15
kilo tons per year, and more preferably with a production capacity of hydrogen
peroxide of up to 10 kilo tons per year (ktpy).

Another advantage of the (modular) “mini-AO-plant” according to the
present invention is that the modular plant can be designed with or in particular
without a reversion unit, ¢.g. without a permanent reversion unit, which is
usually mandatory in plants with large-to-mega scale hydrogen peroxide
production capacity.

Therefore, a further embodiment of the invention is directed to a plant for
production of hydrogen peroxide, particularly of aqueous hydrogen peroxide
solutions, by the autoxidation process (AO-process) wherein the hydrogenation
skid 1, oxidation skid 2 and extraction skid 5 together with any optional skid are
designed as a modular reactor system, preferably a compact modular reactor
system, which is configured to operate without a reversion (regeneration) unit,
preferably configured to operate without a permanent reversion (regeneration)
unit, and wherein the working solution and/or the catalyst are replaced and/or
treated for regeneration or reactivation only intermittently or periodically with a
low frequency as defined below.

Preferably, in this variant of the invention without a reversion
(regeneration) unit, in particular without a permanent reversion unit, the modular
reactor system is also configured to operate as a small-to-medium scale AO-
process with a production capacity of hydrogen peroxide of up to 20 kilo tons per
year, preferably with a production capacity of hydrogen peroxide of up to 15 kilo
tons per year, and more preferably with a production capacity of hydrogen
peroxide of up to 10 kilo tons per year. Any of the herein given minimum and/or
maximum values for the production capacity or any of the before given ranges
for the production capacity are applicable and combinable with this variant of the

invention without a (permanent) reversion (regeneration) unit.
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In particular, the reactor system is configured to operate without a
(permanent) reversion (regeneration) unit for continuous or permanent reversion
of the working solution. The only intermittently or periodically replacing and/or
treating for regeneration or for reactivation of the working solution and/or the
catalyst needs to be performed only with a low frequency, e.g. only after periods
of a certain duration, e¢.g. of some weeks or months., Preferably, the working
solution and/or the catalyst are replaced and/or treated for regeneration or
reactivation only intermittently or periodically with a low frequency of only
about monthly periods, preferably only after periods of at least 3 months in the
loop of the AO-process. The reactor system is preferably almost completely
closed, ¢.g. meaning that only minimum needed in- and/or outlets are forseen for
perfoming the AO-loop process of hydrogenation, oxidation and the extraction of
the aqueous hydrogen peroxide product.

The modular plant according to the invention is very suitable for
performing a mini-AO-process for the manufacture of hydrogen peroxide which
is automated to such an extent that it can be operated such that very little
attention and support is required, in particular with regard to the reversion of the
working solution and/or the regeneration of the hydrogenation catalyst. The
modular plant according to the invention allows for a mini-AO-process for the
manufacture of hydrogen peroxide to be operated such that the working solution
and/or the catalyst are only intermittently or periodically with a low frequency,
as described above, replaced or treated for regeneration or reactivation. This
aspect of the invention is referred to as “intermittent”, “periodical” or “low
frequency” reversion and/or regeneration. Thus, in contrast to the conventional
plants for the industrial manufacture of hydrogen peroxide which comprise a
permanent reversion unit for continuous reversion of the working solution during
the AO-process, the modular plant according to the present invention is
preferably simplified without the need to include such a permanent reversion
unit. Therefore, when performing the AO-process in a modular plant according
to the present invention the working solution is reversed and/or the catalyst is
regenerated only intermittently or periodically with low frequency, e.g. at a point
in time when the production of a predefined quantity of hydrogen peroxide is
reached, when the production efficiency drops below a predefined threshold
value of a minimum required production efficiency, and/or when a the quantity
of by-products exceeds a certain predefined quantity. Thus, when using a

modular plant according to the present invention for the manufacture of
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hydrogen peroxide, particularly of aqueous hydrogen peroxide solutions, the
working solution is normally replaced, by a fresh working solution or by a
refreshed working solution, e.g. a working solution withdrawn from the reactor
system and treated for reversion before refilling the reactor with said refreshed
working solution, only intermittently when the before mentioned event occurs.
The working solution is then regenerated in separate equipment for the
reversion of the working compounds contained in the working solution. This
reversion of the working solution may be performed, for instance, at a different
site in the equipment of another hydrogen peroxide production plant, e.g. in the
respective regeneration equipment of a similar or preferably a larger scale
hydrogen peroxide production plant. Alternatively, the working solution may be
regenerated in separate mobile regeneration equipment for the reversion of the
working compounds contained in the working solution, e.g. in a mobile
regeneration unit that is used on demand or as appropriate in a number of
different locations where a small to medium hydrogen peroxide manufacturing
process according to the AO-process is performed. Another option is to
intermittently or periodically perform the regeneration of the working solution
under particular conditions in the main equipment of the small-to-medium
hydrogen peroxide manufacturing process according to the AO-process itself.
Normally, within the modular plant of the invention the mini-AO-process
for the manufacture of hydrogen peroxide can be performed such that the
working solution and/or the catalyst are only periodically replaced for
regeneration or reactivation, e.g. usually the AO-process may be operated within
the modular plant of the invention for periods of several weeks, preferably
months without replacement of the working solution for regeneration (reversion)
or reactivation of the catalyst. The periodical replacement of the working
solution and of the catalyst are independent from each other, but both may
reasonably also be replaced at the same time or at different times or after the
same or different periods of operation. Preferably, the reversion is only
intermittently performed after a continuous operation period of the modular
reactor system (modular plant) of at least 3 months, e.g. the working solution is
normally replaced, by a fresh working solution or by a refreshed working
solution, ¢.g. a working solution withdrawn from the modular reactor system and
treated for reversion before refilling the modular reactor system with said
refreshed working solution, only after periods of at least 3 months operation in

the loop of the AO-process.



WO 2013/135491 PCT/EP2013/054035

10

15

20

25

30

35

-08 -

For example, a variant of the present invention is directed to a modular
plant wherein the hydrogenation skid 1, oxidation skid 2 and extraction skid 5
together with any optional skid are designed as a modular reactor system,
preferably as a compact modular reactor system, which modular plant is
configured to operate without a reversion (regeneration) unit, preferably
configured to operate without a permanent reversion (regeneration) unit, wherein
the working solution and/or the catalyst are replaced and/or treated for
regeneration or reactivation only intermittently or periodically after periods of at
least 3 months in the loop of the AO-process steps of
(a) hydrogenation of a working solution in the hydrogenation skid 1
(hydrogenator) in the presence of a catalyst, wherein said working solution
contains at least one alkylanthraquinone dissolved in at least one organic
solvent, to obtain at least one corresponding alkylanthrahydroquinone
compound; and
(b) oxidation of said at least one alkylanthrahydroquinone compound in the
oxidizer skid 2 (oxidizer) to obtain hydrogen peroxide ; and
(c) extracting the hydrogen peroxide formed in the oxidation skid 2 in an
extraction skid 5.

In particular, this embodiment of a modular plant is configured to operate
without a reversion (regeneration) unit, preferably configured to operate without
a permanent reversion (regeneration) unit, as a small-to-medium scale
AO-process with a production capacity of hydrogen peroxide of up to 20 kilo
tons per year, preferably with a production capacity of hydrogen peroxide of up
to 15 kilo tons per year, and more preferably with a production capacity of
hydrogen peroxide of up to 10 kilo tons per year; and in very preferred
embodiments any of the above given maximum values for the production
capacity or any of the above given ranges for the production capacity are
applicable and combinable with this variant of the invention without a
(permanent) reversion (regeneration) unit.

Depending on the type of working solution and/or catalyst, and the
particular design and capacity of the modular mini-AO-plant, the mini-AO-
process may be so robust that it may be operated within the modular plant of the
invention even for periods of individually at least 4, 5, 6,7, 8,9, 10, 11 or 12
months without replacement of the working solution for regeneration (reversion)
or reactivation of the catalyst. According to this variant of the invention, the

working solution and/or the catalyst (contained therein for the purpose of
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producing hydrogen peroxide by the AO-process) are replaced and/or treated for
regeneration or reactivation only periodically after periods of at least 6 month,
preferably at least 9 months, and more preferred at least 12 months.

For example, usually, in practice the continuous working period may be
individually from 3-4 months, 3-5 months, 3-6 months, 3-7 months, 3-8 months,
3-9 months, 3-10 months, 3-11 months, 3-12 months ; 4-5 months, 4-6 months,
4-7 months, 4-8 months, 4-9 months, 4-10 months, 4-11 months, 4-12 months ;
5-6 months, 5-7 months, 5-8 months, 5-9 months, 5-10 months, 5-11 months,
5-12 months ; 6-7 months, 6-8 months, 6-9 months, 6-10 months, 6-11 months,
6-12 months ; 7-8 months, 7-9 months, 7-10 months, 7-11 months, 7-12 months ;
8-9 months, 8-10 months, 8-11 months, 8-12 months ; 9-10 months,

9-11 months, 9-12 months; 10-11 months, 10-12 months or 11-12 months.

According to a further aspect of the invention, an industrial technically,
operationally and economically very suitable and flexible, optionally also
remotely controllable, modular plant design is described related to a small-to-
medium scale hydrogen peroxide production capacity, in which modular plant a
“mini-AO-process” may be operated with a maximum production capacity of up
to 20 ktpy. Preferably the modular plant design is sized to a mini-AO-process
with an even lower maximum production capacity of up to 15 ktpy (kilo tons per
year). Usually, the modular plant design according to the invention is sized to
operate a mini-AO-process plant with a capacity in the range of 2 to 15 ktpy.
Any of the before given minimum and/or maximum values for the production
capacity or any of the before given ranges for the production capacity are
applicable and combinable with the variant of the invention without a
(permanent) reversion (regeneration) unit.

In a preferred embodiment the present invention is therefore directed to a
modular plant for production of hydrogen peroxide, particularly of aqueous
hydrogen peroxide solutions, by the autoxidation process (AO-process) wherein
the hydrogenation skid 1, oxidation skid 2 and extraction skid 5 together with
any optional skid are designed as a modular reactor system, preferably as a
compact modular reactor system, which is configured to operate as a small-to-
medium scale AO-process plant with a production capacity of hydrogen peroxide
in the range of 2 to 15 ktpy, preferably in the range of 2 to 10 ktpy.

In a more preferred variant of this embodiment of the invention the
modular plant for production of hydrogen peroxide, preferably of aqueous

hydrogen peroxide solutions, by the autoxidation process (AO-process) is
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characterized in that the hydrogenation skid 1, oxidation skid 2 and extraction
skid 5 together with any optional skid are designed as a modular reactor system,
preferably as a compact modular reactor system, which is configured to operate
as a small-to-medium scale AO-process plant with a production capacity of
hydrogen peroxide in any range selected from 2-3 ktpy, 3-5 ktpy, 5-7.5 ktpy,
7.5-10 ktpy, 10-12.5 ktpy, or 12.5-15 ktpy, preferably in any range selected from
2-3 ktpy, 3-5 ktpy, 5-7.5 ktpy or 7.5-10 ktpy.

For example, the modular plant for production of (aqueous) hydrogen
peroxide (solutions) by the autoxidation process (AO-process) may be designed
such that the hydrogenation skid 1, oxidation skid 2 and extraction skid 5
together with any optional skid as, in particular a compact modular reactor
system, can be configured to operate as a small to medium scale AO-process
with a production capacity in a flexible manner for a variety of any other ranges
within said capacity scope, e.g. to provide a capacity which best fits to the local
needs where the process is operated. Thus, as an example and without limitation,
possible capacity ranges are from 2-5 ktpy, 2-6 ktpy, 2-7 ktpy, 2-8 ktpy, 2-9
ktpy, 2-10 ktpy, 2-11 ktpy, 2-12 ktpy, 2-13 ktpy, 2-14 ktpy, 2-15 ktpy ;

3-6 ktpy, 3-7 ktpy, 3-8 ktpy, 3-9 ktpy, 3-10 ktpy, 3-11 ktpy, 3-12 ktpy,

3-13 ktpy, 3-14 ktpy, 3-15 ktpy ; 4-6 ktpy, 4-7 ktpy, 4-8 ktpy, 4-9 ktpy,
4-10 ktpy, 4-11 ktpy, 4-12 ktpy, 4-13 ktpy, 4-14 ktpy, 4-15 ktpy ; 5-6 ktpy,
5-7 ktpy, 5-8 ktpy, 5-9 ktpy, 5-10 ktpy, 5-11 ktpy, 5-12 ktpy, 5-13 ktpy,
5-14 ktpy, 5-15 ktpy ; 6-7 ktpy, 6-8 ktpy, 6-9 ktpy, 6-10 ktpy, 6-11 ktpy,
6-12 ktpy, 6-13 ktpy, 6-14 ktpy, 6-15 ktpy ; 7-8 ktpy, 7-9 ktpy, 7-10 ktpy,
7-11 ktpy, 7-12 ktpy, 7-13 ktpy, 7-14 ktpy, 7-15 ktpy ; 8-9 ktpy, 8-10 ktpy,
8-11 ktpy, 8-12 ktpy, 8-13 ktpy, 8-14 ktpy, 8-15 ktpy ; 9-10 ktpy, 9-11 ktpy,
9-12 ktpy, 9-13 ktpy, 9-14 ktpy, 9-15 ktpy ; 10-11 ktpy, 10-12 ktpy, 10-13 ktpy,
10-14 ktpy, 10-15 ktpy ; 11-12 ktpy, 11-13 ktpy, 11-14 ktpy, 11-15 ktpy ;
12-13 ktpy, 12-14 ktpy, 12-15 ktpy ; 13-14 ktpy, 13-15 ktpy ; 14-15 ktpy.

In a preferred modular plant for production of hydrogen peroxide,
particularly of aqueous hydrogen peroxide solutions, by the autoxidation process
(AO-process) the modular plant according to the invention provides for a
production capacity of hydrogen peroxide of 2,000 to 10,000 metric tons per
year. Typically, the size of a plant for the manufacture of hydrogen peroxide
depends on the production capacity. For example, within the preferred design
range between 2 and 10 ktpy a plant of 3 ktpy capacity will be much smaller than
a 10 ktpy plant. Therefore, in a more preferred embodiment of the invention,
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¢.g. for economic reasons, the design of the mini-AO-process pertains to
manufacture of hydrogen peroxide by the AO-process or to mini-AO-plants with
narrower capacity ranges, as for instance, 2-3 ktpy, 3-5 ktpy, 5-7.5 ktpy or
7.5-10 ktpy. Similarly, also for higher capacities the more narrow capacity
ranges are preferred, as for instance, 10-12.5 ktpy, 12.5-15 ktpy.

Any of the before given minimum and/or maximum values for the
production capacity or any of the before given ranges for the production capacity
are applicable and combinable with the variant of the invention without a
(permanent) reversion (regeneration) unit.

In yet a further aspect the present invention provides an industrial
technically, operationally and economically very suitable and flexible modular
plant design for a remotely controllable, small-to-medium scale hydrogen
peroxide production capacity, wherein it is feasible to remotely control the
“mini-AO process” and to automate the “mini-AO process” to such an extent that
it can be easily and safely operated by remote control, and such that very little
local attention and support is required. This aspect of the invention will be
referred to in the following as “remote control”. This aspect of the invention is
combinable with any other embodiment or variant of the present invention as
described herein.

Accordingly, in this aspect the present invention relates to a modular plant
design for production of hydrogen peroxide, particularly of aqueous hydrogen
peroxide solutions, by the autoxidation process (AO-process) wherein one or
more of said skids 1 to 6 are equipped with one or more sensors for monitoring
one or more AO-process parameters at the hydrogen peroxide production plant,
said sensors being interconnected with one or more first computers at the
hydrogen peroxide production plant, said first computers being linked via a
communication network to one or more second computers in a control room
being remote from the hydrogen peroxide production plant, and wherein said
control room is remotely controlling said hydrogen peroxide production plant.

The control board of the control room is preferably connected online to a
remote control board which may be located on another facility. This allows
operating several modular hydrogen peroxide production plants remotely from
one single control room. Thus, the control room for remotely controlling the
modular hydrogen peroxide production plant according to the present invention
may be located at any other suitable site which is different and distant from said

remotely controlled modular hydrogen peroxide production plant. Usually, this
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control room will be located or centralized where appropriate computer
equipment can be installed and connected to a communication network, and
where the remote control of the hydrogen peroxide production can be optimized
and maintained in more practical and economical manner than at the modular
production plant itself. At such a different hydrogen peroxide production site
normally also staff is available which is optimally trained and experienced
regarding the manufacture of hydrogen peroxide by the AO-process and capable
to remotely control said distant hydrogen production site, and either to remotely
intervene, for instance via the communication network or via phone call or
e-mail and the like, or to organize appropriate local intervention at the remotely
controlled modular hydrogen peroxide production plant in case of need, for
instance by a local operator or by sending dedicated and experienced technical
support staff or service technicians.

The remote control is in particular very suitable for controlling one or more
modular hydrogen peroxide production plants according to the present invention
with a small-to-medium hydrogen peroxide production scale from a distance.
Therefore, in a variant of this remote control aspect the invention also pertains to
a plant for production of hydrogen peroxide, particularly of aqueous hydrogen
peroxide solutions, by the autoxidation process (AO-process) wherein the control
room remotely controlling the modular hydrogen peroxide production plant is
located at another hydrogen peroxide production site being different from said
remotely controlled modular hydrogen peroxide production plant, preferably at
another hydrogen peroxide production site with a larger scale of hydrogen
peroxide production capacity than in said remotely controlled modular hydrogen
peroxide plant, and more preferably with a scale of hydrogen peroxide
production capacity of at least 30 kilo tons per year, more preferably of at least
40 kilo tons per year, at that larger scale hydrogen peroxide production site.

The sensors on the one or more skids or on other ancillary means are
normally part of a monitoring system conventionally used in the art for
monitoring the performance of a hydrogen peroxide manufacturing plant which
runs under the AO-process. Therefore, the skids being equipped with one or
more sensors for monitoring one or more AO-process parameters usually are
those of the main AO-process such as the hydrogenation unit (hydrogenator), an
oxidation unit (oxidizer), and an extraction unit (means to extract hydrogen
peroxide ), or any other obligatory or optional unit of the main AO-process.

The skids being equipped with one or more sensors may also be any unit of any
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ancillary process unit as described herein. The equipment and/or means involved
in the manufacture of hydrogen peroxide according to the AO-process, for
example but without limitation, may be one or several equipment selected from
pumping systems, valves, pipes, vessels, compressors, heating and cooling
system, outlets, means for providing power and means for measuring the
pressure, temperature, quantity, flow rate, density, viscosity, catalyst activity,
acidity, purity, concentration, the hydrogen peroxide productivity or other
process parameters relevant for the production of hydrogen peroxide according
to the AO-process. There may be also means, as appropriate, for monitoring
electric current, voltage and the like.

The one or more sensors for monitoring AO-process parameters may be of
any suitable type, and are in particular those already commonly used in
AO-processes for steering the complete hydrogen peroxide production cycle, or
any individual or combined AO-process steps. In a variant of the invention, these
sensors may be those as commonly used in large-to-mega scale hydrogen
production plants or processes. Or in another variant, the sensors may be
modified or specifically adapted to the small-to-medium scale hydrogen peroxide
production plant or processes. In yet another variant of the modular plant
designed for a mini-AO-process according to the invention, a suitable
combination of those commonly used in used in large-to-mega scale hydrogen
production and those modified or specifically adapted to the small-to-medium
scale hydrogen peroxide production, may be involved.

The one or more sensors may be suited and employed for monitoring
AO-process parameters, for example but without limitation, such as pressure,
temperature, quantity, flow rate, density, viscosity, catalyst activity, acidity,
purity, concentration, hydrogen peroxide productivity or other process
parameters relevant for the production of hydrogen peroxide according to the
AO-process. A sensor or a combination of sensors may be suited to directly
monitor or measure a parameter relevant for the production of hydrogen peroxide
according to the AO-process, or the sensor or a combination of sensors may
indirectly monitor or measure other data or a variety of other data, and then the
parameter relevant for steering the production of hydrogen peroxide according to
the AO-process is calculated from said monitored or measured data.
Furthermore, a camera or a variety of cameras or other optical equipment to
measure optical effects may be used in addition to monitor, measure and/or

survey the AO-process, its equipment and means, or parameters, respectively.
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Accordingly, in this aspect of the invention, the modular plant for
production of hydrogen peroxide, particularly of aqueous hydrogen peroxide
solutions, by the autoxidation process (AO-process) is designed such that one or
more of said skids 1 to 6 are equipped with one or more sensors for monitoring
one or more AO-process parameters such as pressure, temperature, quantity,
flow rate, density, viscosity, catalyst activity, acidity, purity, concentration,
hydrogen peroxide productivity or other process parameters relevant for the
production of hydrogen peroxide according to the AO-process.

According to a further aspect of the invention, the modular plant for
production of hydrogen peroxide, particularly of aqueous hydrogen peroxide
solutions, by the autoxidation process (AO-process) is designed such that one or
more of said skids 1 to 6 are equipped with a safety equipment or safety means to
allow for automatic safe shutdown, preferably a safety PLC (independent
protection layer) or hardwired relay based system for the monitoring and
automatic safe shutdown (interlock system).

Another aspect of the present invention is to provide a modular plant for
production of hydrogen peroxide, particularly of aqueous hydrogen peroxide
solutions, by the autoxidation process (AO-process), optionally for a remotely
controlled, AO-process for the production of hydrogen peroxide, which modular
plant is technically, operationally and economically feasible and designed to
operate as a small-to-medium scale hydrogen peroxide production plant
preferably on-site of a hydrogen peroxide using customer (“host” site). The
modular plant for the manufacture of hydrogen peroxide by the AO-process
according to the invention, optionally under remote control, particularly allows
for installing and operating a hydrogen peroxide production plant which is
located proximal to or on-site of an end user site or customer site utilizing the
hydrogen peroxide an industrial application. Preferably, this end user or
customer site is a site with an industrial application of hydrogen peroxide
selected from pulp and paper industry or the textile industry, or the mining
industry or sites with environmental applications.

Consequently, the invention also pertains to a plant for production of
hydrogen peroxide, particularly of aqueous hydrogen peroxide solutions, by the
autoxidation process (AO-process) wherein the modular hydrogen peroxide
production plant is located proximal to or on-site of an end user site or a
customer site utilizing the hydrogen peroxide in an industrial application,

preferably proximal to or on-site of an end user or customer site with an
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industrial application of hydrogen peroxide selected from pulp and paper
industry or the textile industry, or the mining industry or sites with
environmental applications.

Furthermore, generally no distillation of hydrogen peroxide is required,
¢.g. the modular AO-process plant for the manufacture of hydrogen peroxide,
particularly of aqueous hydrogen peroxide solutions, doe not comprise a
distillation unit and the crude low concentration hydrogen peroxide is ready to be
utilized in the customers’ application. This is an advantage of the production of
hydrogen peroxide on-site of a hydrogen peroxide consuming end user
(customer), because the modular AO-process plant can avoid the distillation
which is usually performed in the large-scale plants for converting the hydrogen
peroxide into a more suitable concentrated form for transportation reasons.

For example, the hydrogen peroxide concentration in conventional large-scale
process is usually 40 %, distilled to and transported with a concentration from
50 to 70 %. Contrary, the target for the manufacture of hydrogen peroxide in the
modular AO-process according to the invention is a concentration of 10 — 15 %
hydrogen peroxide.

Normally, the modular plant according to the invention for the manufacture
of hydrogen peroxide by the AO-process, optionally under remote control, is
particularly suited for being operated in a way such that from the extraction unit
at least a portion of an aqueous solution of hydrogen peroxide is delivered to a
site of use that is proximal to the modular hydrogen peroxide production plant,
preferably proximal to the extraction skid of said modular hydrogen peroxide
production plant. Ideally, in this variant of the modular hydrogen peroxide
production plant according to the invention the aqueous hydrogen peroxide
solution is delivered as an aqueous hydrogen peroxide solution containing a
predetermined concentration of hydrogen peroxide which is suitable for being
directly utilized in the specified industrial application of the site of use.

Thus, the modular hydrogen peroxide production plant according to the
invention for the manufacture of hydrogen peroxide by the AO-process may
deliver a crude hydrogen peroxide solution in a concentration ready for use in an
industrial application is provided. The resulting crude hydrogen peroxide
solution is readily suitable for its use at the host site, e.g. as bleaching agent in
the pulp and paper industry or the textile industry host site, or in a site with
mining and environmental applications. Thus, the hydrogen peroxide

concentration in the aqueous solutions resulting from the extraction step
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according the invention can be specifically adjusted to the end user needs at the
host (satellite) site, and the concentration may be in the range of up to
15 percent, preferably in the range of 2-15 percent, more preferably 5-15 percent,
and most preferred in the range of 10-15 percent. Other suitable ranges of the
crude hydrogen peroxide solution resulting from the mini-AO-process according
to the invention may be from 2-5 percent, 2-6 percent, 2-7 percent, 2-8 percent,
2-9 percent, 2-10 percent, 2-11 percent, 2-12 percent, 2-13 percent, 2-14 percent,
2-15 percent ; 3-6 percent, 3-7 percent, 3-8 percent, 3-9 percent, 3-10 percent,
3-11 percent, 3-12 percent, 3-13 percent, 3-14 percent, 3-15 percent ;
4-6 percent, 4-7 percent, 4-8 percent, 4-9 percent, 4-10 percent, 4-11 percent,
4-12 percent, 4-13 percent, 4-14 percent, 4-15 percent ; 5-6 percent, 5-7 percent,
5-8 percent, 5-9 percent, 5-10 percent, 5-11 percent, 5-12 percent, 5-13 percent,
5-14 percent, 5-15 percent ;, 6-7 percent, 6-8 percent, 6-9 percent, 6-10 percent,
6-11 percent, 6-12 percent, 6-13 percent, 6-14 percent, 6-15 percent ;
7-8 percent, 7-9 percent, 7-10 percent, 7-11 percent, 7-12 percent, 7-13 percent,
7-14 percent, 7-15 percent ; 8-9 percent, 8-10 percent, 8-11 percent,
8-12 percent, 8-13 percent, 8-14 percent, 8-15 percent ; 9-10 percent,
9-11 percent, 9-12 percent, 9-13 percent, 9-14 percent, 9-15 percent ;
10-11 percent, 10-12 percent, 10-13 percent, 10-14 percent, 10-15 percent ;
11-12 percent, 11-13 percent, 11-14 percent, 11-15 percent ; 12-13 percent,
12-14 percent, 12-15 percent ; 13-14 percent, 13-15 percent, or 14-15 percent.
The modular AO-process plant, in particular the mini-AO-process plant, of
the present invention can be operated as a decentralized satellite plant of a
central mother plant for the production of hydrogen peroxide, whereby this
satellite plant may be located at any, even remote industrial or end user site with
the only precondition that at this facility or satellite site hydrogen and other
common utilities are readily available for the mini-AO-process. Thus, the mini-
AO-process plant can be operated in a decentralized manner as a satellite plant
distant, even far distant from a central large-scale mother plant. Therefore, at the
satellite plant no facilities or means are required to continuously and
simultaneously regenerate (reverse) the working solution and/or to reactivate the
hydrogenation catalyst during the AO-process. At the time, ¢.g. after the above
mentioned periods of continuous operation of the mini-AO-process the working
solution and/or the catalyst are withdrawn from the satellite plant and replaced
by a fresh or reversed working solution, or the catalyst is replaced by a fresh or

reactivated catalyst, respectively. The working solution and/or the catalyst
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withdrawn from the satellite plant then is transported to the central mother plant
for the purpose of regeneration (reversion) or reactivation, respectively.

Next to the “essential” equipment of the modular AO-process plant
according to the invention as described above, the modular plant may also
comprise a number of typical “ancillary” equipment. (¢.g. working solution
acidity control ; hydrogen facility available at remote / satellite site). However,
according to the concept of a simplified modular, preferably decentralized and/or
remote satellite AO-process plant located at an end user site, the number of
ancillary equipment is kept as few as possible and usually is limited to the
minimum need for continuously operating the AO-process in the modular and/or
satellite plant as simple as possible but also as robust and stable over periods as
indicated above without too many physical or technical interventions at the
modular and/or satellite plant during said periods.

Such a plant according to the present invention comprising parts assembled
in several skids has many advantages. For example, the skids can be pre-
assembled and tested in a factory; thus, they are a kind of “off-shelf” product,
and need only be mounted on-site. This saves time. It is also much easier to
dismount specific skids for maintenance, repair of or substitution by skids
comprising parts with the same function but improved performance, or with
lower or higher output. There are also improvements in safety: for example, as
explained above, no hazarduous distillation of hydrogen peroxide and no
transportation of highly concentrated hydrogen peroxide solutions are required.
The capacity of the plant can be expanded by adding modules. Preferably, the
skids have sea container size thus allowing for the easy transport of modules.

Often, the skid structure is a painted steel frame on which all equipments
are fixed; they are designed for outdoor installation. Panels, doors and roofs, if
fixed on the external structure of the skid, imply that the external skid
dimensions exceed the standard sea container dimensions. If necessary, such
skids are prefabricated and panels, doors and the roof, respectively, are
assembled to the skids on site. The skids may be anchored on an existing
concrete slab or by or on specific foundations.

The advantage of skids is, for example, that they are manufactured, piped,
wired and assembled together before shop testing. It is preferred if they are
constructed such that the interfaces between the skids are minimized and that all
parts in the respective skid are accessible as casily as possible for maintenance,

inspection or repair.
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A further advantage of the skids is the safety aspect, a reliable hydrogen
peroxide production for 24 h and 7 days a week of crude purity hydrogen
peroxide solution ready for use.

As a particular advantage the present invention provides a modular plant
for carrying out an AO-process for the manufacture of hydrogen peroxide,
particularly a mini-AO-process, as described above, which plant can be
automated to such an extent that it can be operated by remote control in a way
that requires very little local attention and support at the hydrogen peroxide site,
and therefore is suitable as a hydrogen peroxide plant located proximal to or on a
customer site or any other “host” site.

The modular mini-AO-plant according to the present invention has the
advantage that it is compact, since a couple of equipment and process steps
which are performed in conventional AO-processes have been eliminated or are
now performed in simpler equipment, or are now performed in a more
economically and technically feasible manner remotely in a distant large to
mega-scale mother plant which provides optimized facilities and skilled staff,
and from where optionally also the process parameters can be remotely
controlled. It is noted that the mini-AO-plant according to the present invention
most preferably does not comprise a unit for (permanent) reversion
(regeneration) of the working solution or a unit the reactivation of the
reactivation catalyst. In a preferred embodiment of the invention, therefore,
said distant large to mega-scale mother plant shall provide central reversion unit
and process for the periodical regeneration of the working solution and/or
facilities for the periodical reactivation of the hydrogenation catalyst of the
satellite mini-AO plant.

The described modular AO-process plant according to the present
invention has the advantage that it can deal adequately with specific needs of an
end user with regard to the use of hydrogen peroxide solutions, ¢.g. the required
amounts at given times of production, the concentration and quality thereof, in its
own industrial processes, while at the same time the modular AO-process plant
according to the invention by focus on the essential requirements at the end user
site, requires fewer pieces of equipment, less management attention, and less
maintenance when compared with conventional large-scale hydrogen peroxide
production plants. Thus, with the present invention, an efficient modular
hydrogen peroxide AO-process plant is provided which is economically feasible,

even at small-to-medium scale industrial hydrogen peroxide manufacturing
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capacity. Therefore, the present invention constitutes a considerable
improvement over the known processes to produce hydrogen peroxide, and in
particular aqueous hydrogen peroxide solutions readily suitable for the end users’
industrial application.

While the invention has been described with reference to details of the
illustrated embodiment, these details are not intended to limit the scope of the
invention as defined in the appended claims.

Should the disclosure of any patents, patent applications, and publications
which are incorporated herein by reference conflict with the description of the
present application to the extent that it may render a term unclear, the present

description shall take precedence.
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CLAIMS

1. A plant for production of hydrogen peroxide, perfereably of aqueous
hydrogen peroxide solutions, by the autoxidation process, the process comprising
hydrogenating an anthraquinone in a working solution, oxidizing the
hydrogenated anthraquinone with oxygen to form hydrogen peroxide and
extracting the hydrogen peroxide from the working solution, the plant
comprising at least one skid mounted module selected from the group consisting
of:

a skid mounted module comprising at least one hydrogenator to hydrogenate

the anthraquinone in the working solution, denoted as skid 1;

- a skid mounted module comprising at least one oxidizer to oxidize the
hydrogenated anthraquinone with oxygen to form hydrogen peroxide, denoted
as skid 2;

- optionally a skid mounted module comprising at least one means to compress
air, denoted as skid 3, to feed oxygen, in particular oxygen from the air, into
an oxidizer of skid 2, and in case of presence of skid 3 a further skid mounted
module comprising at least one means to recover the solvent, denoted as skid

4, in particular if oxygen from the air is used to feed oxygen into an oxidizer
of skid 2;

- a skid mounted module comprising at least one means to extract the hydrogen

peroxide from the working solution, denoted as skid 5;

- a skid mounted module, denoted as skid 6, comprising at least one means to
deliver hydrogen peroxide solution to the point of use and/or optionally to a
storage tank optionally with additional means for adjusting the hydrogen

peroxide concentration.

2. A plant for production of hydrogen peroxide, perfereably of aqueous
hydrogen peroxide solutions, by the autoxidation process according to claim 1,
wherein the hydrogenation skid 1 comprises at least one or more equipment
items selected from the group of Hydrogenator, Hydrogen Recycle Compressor,
Catalyst Filter, Oxidizer Feed Tank, Oxidizer Feed Pump and Guard Catalyst
Bed.
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3. A plant for production of hydrogen peroxide, perfereably of aqueous
hydrogen peroxide solutions, by the autoxidation process according to claim 1,
wherein the oxidizer skid 2 comprises at least one or more equipment items
selected from the group of Oxidiser Feed Cooler, Oxidiser, Degasser, Extraction
Feed Pump, Off-Gas Condenser and Off-Gas Demister.

4. A plant for production of hydrogen peroxide, perfereably of aqueous
hydrogen peroxide solutions, by the autoxidation process according to claim 1,
wherein the extraction skid 5 comprises at least one or more equipment items
selected from the group of Cooler, Coalescer and Hydrogenator Feed Pump, and
optionally an Extraction Column and/or being connectable to an Extraction

Column.

5. A plant for production of hydrogen peroxide, perfereably of aqueous
hydrogen peroxide solutions, by the autoxidation process according to claim 1,
wherein the optional process air compressor skid 3 comprises at least one or
more equipment items selected from the group of Process Air Compressor

Package, Suction Air Filter and After Cooler-Condenser.

6. A plant for production of hydrogen peroxide, perfereably of aqueous
hydrogen peroxide solutions, by the autoxidation process according to claim 1,
wherein the optional solvent recovery unit skid 4 comprises at least one or more
equipment items selected from the group of Activated Carbon Adsorbtion
Package, Regeneration Condenser, Solvent/Water Decanter, Solvent Return

Pump and Water Return Pump.

7. A plant for production of hydrogen peroxide, perfereably of aqueous
hydrogen peroxide solutions, by the autoxidation process according to any of the
claims 1 to 6, comprising an oxygen from the air supply unit used to feed oxygen
into an oxidizer of skid 2 and further comprising at least one skid mounted

module selected from the group consisting of

- a skid mounted module comprising at least one hydrogenator to hydrogenate

the anthraquinone in the working solution, denoted as skid 1 ;

- a skid mounted module comprising at least one oxidizer to oxidize the
hydrogenated anthraquinone with oxygen to form hydrogen peroxide, denoted
as skid 2 ;
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a skid mounted module comprising at least one means to compress air,
denoted as skid 3, to feed oxygen, in particular oxygen from the air, into an
oxidizer of skid 2, and comprising a further skid mounted module comprising

at least one means to recover the solvent, denoted as skid 4 ;

a skid mounted module comprising at least one means to extract the hydrogen

peroxide from the working solution, denoted as skid 5 ;

a skid mounted module, denoted as skid 6, comprising at least one means to
deliver hydrogen peroxide solution to the point of use and/or optionally to a
storage tank optionally with additional means for adjusting the hydrogen

peroxide concentration.

8. A plant for production of hydrogen peroxide, perfereably of aqueous

hydrogen peroxide solutions, by the autoxidation process according to any of the

claims 1 to 4, comprising an oxygen supply unit used to feed oxygen into an

oxidizer of skid 2 and further comprising at least one skid mounted module

selected from the group consisting of

a skid mounted module comprising at least one hydrogenator to hydrogenate
the anthraquinone in the working solution, denoted as skid 1 ;

a skid mounted module comprising at least one oxidizer to oxidize the
hydrogenated anthraquinone with oxygen to form hydrogen peroxide, denoted
as skid 2 ;

a skid mounted module comprising at least one means to extract the hydrogen

peroxide from the working solution, denoted as skid 5 ;

a skid mounted module, denoted as skid 6, comprising at least one means to
deliver hydrogen peroxide solution to the point of use and/or optionally to a
storage tank optionally with additional means for adjusting the hydrogen

peroxide concentration.
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9. A plant for production of hydrogen peroxide, perfereably of aqueous
hydrogen peroxide solutions, by the autoxidation process according to any of the
claims 1 to 8, characterized in that the hydrogenation skid 1, oxidation skid 2 and
extraction skid 5 together with any optional skid are designed as a modular
reactor system, preferably as a compact modular reactor system, which is
configured to operate without a reversion (regeneration) unit, wherein the
working solution and/or the catalyst are replaced and/or treated for regeneration
or reactivation only intermittently or periodically with a low frequency,
preferably only intermittently or periodically with a low frequency of about some
weeks or months in the loop of the AO-process.

10. A plant for production of hydrogen peroxide, perfereably of aqueous
hydrogen peroxide solutions, by the autoxidation process according to any of the
claims 1 to 9, characterized in that the hydrogenation skid 1, oxidation skid 2 and
extraction skid 5 together with any optional skid are designed as a modular
reactor system, preferably as a compact modular reactor system, which is
configured to operate as a small-to-medium scale AO-process plant with a
production capacity of hydrogen peroxide of up to 20 kilo tons per year,
preferably with a production capacity of hydrogen peroxide of up to 15 kilo tons
per year, and more preferably with a production capacity of hydrogen peroxide
of up to 10 kilo tons per year.

11. A plant for production of hydrogen peroxide, perfereably of aqueous
hydrogen peroxide solutions, by the autoxidation process according to claim 10,
characterized in that the hydrogenation skid 1, oxidation skid 2 and extraction
skid 5 together with any optional skid are designed as a modular reactor system,
preferably as a compact modular reactor system, which is configured to operate
as a small-to-medium scale AO-process plant with a production capacity of
hydrogen peroxide in the range of 2 to 15 kilo tons per year, preferably in the
range of 2 to 10 kilo tons per year.
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12. A plant for production of hydrogen peroxide, perfereably of aqueous
hydrogen peroxide solutions, by the autoxidation process according to any of the
claims 9 to 11, characterized in that the hydrogenation skid 1, oxidation skid 2
and extraction skid 5 together with any optional skid are designed as a modular
reactor system, preferably as a compact modular reactor system, which is
configured to operate as a small-to-medium scale AO-process plant with a
production capacity of hydrogen peroxide in any range selected from 2-3 kilo
tons per year, 3-5 kilo tons per year, 5-7.5 kilo tons per year, 7.5-10 kilo tons per
year, 10-12.5 kilo tons per year, or 12.5-15 kilo tons per year, preferably in any
range selected from 2-3 kilo tons per year, 3-5 kilo tons per year, 5-7.5 kilo tons
per year or

7.5-10 kilo tons per year.

13. A plant for production of hydrogen peroxide, perfereably of aqueous
hydrogen peroxide solutions, by the autoxidation process according to any of the
claims 1 to 12, characterized in that one or more of said skids 1 to 6 are equipped
with one or more sensors for monitoring one or more AO-process parameters at
the hydrogen peroxide production plant, said sensors being interconnected with
one or more first computers at the hydrogen peroxide production plant, said first
computers being linked via a communication network to one or more second
computers in a control room being remote from the hydrogen peroxide
production plant, and wherein said control room is remotely controlling said

hydrogen peroxide production plant.

14. A plant for production of hydrogen peroxide, perfereably of aqueous
hydrogen peroxide solutions, by the autoxidation process according to claim 13,
characterized in that the control room remotely controlling the hydrogen
peroxide production plant is located at another hydrogen peroxide production site
being different from said remotely controlled hydrogen peroxide production
plant, preferably at another hydrogen peroxide production site with a larger scale
of hydrogen peroxide production capacity than in said remotely controlled
hydrogen peroxide plant, and more preferably with a scale of hydrogen peroxide
production capacity of at least 30 kilo tons per year, more preferably of at least

40 kilo tons per year.
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15. A plant for production of hydrogen peroxide, perfereably of aqueous
hydrogen peroxide solutions, by the autoxidation process according to any of the
claims 1 to 14, characterized in that one or more of said skids 1 to 6 are equipped
with one or more sensors for monitoring one or more AO-process parameters
such as pressure, temperature, quantity, flow rate, density, viscosity, catalyst
activity, acidity, purity, concentration, hydrogen peroxide productivity or other
process parameters relevant for the production of hydrogen peroxide according

to the AO-process.

16. A plant for production of hydrogen peroxide, perfereably of aqueous
hydrogen peroxide solutions, by the autoxidation process according to any of the
claims 1 to 15, characterized in that one or more of said skids 1 to 6 are equipped
with a safety equipment or safety means to allow for automatic safe shutdown,
preferably a safety PLC (independent protection layer) or hardwired relay based

system for the monitoring and automatic safe shutdown (interlock system).

17. A plant for production of hydrogen peroxide, perfereably of aqueous
hydrogen peroxide solutions, by the autoxidation process according to any of the
claims 1 to 16, characterized in that the hydrogen peroxide production plant is
located proximal to or on-site of an end user site or a customer site utilizing the
hydrogen peroxide in an industrial application, preferably proximal to or on-site
of an end user or customer site with an industrial application of hydrogen
peroxide selected from pulp and paper industry or the textile industry, or the

mining industry or sites with environmental applications.



WO 2013/135491

PCT/EP2013/054035
-1/1 -
Figure 1
=N D COALESCER
== (L) 2m D
= J P50 e TRIDGES
______
CLEX
2.25m D
30mT/T
OXIDISER
0.5m ID |
| 2x10.5m long  FILTER  GUARD BED
02 \\ \ /
T O«~O~Co
if Ej

]
@ IENIENIIENI NI IESTNDENT NI D)
I i i i i i I i

|

HYDROGENATOR
0.5m ID
3x10.5m Long
21 CATALYST CARTRIDGES & Hy SINTERS.

Figure 2

C

ool P o< P [ >< @ [>><C [5o<lp [o><C o [>><T1]l@

SoT o] o] o 4] 4o 45

S b ook [ooip [o>< P [o><i [o><Th [2><C]1 )

SIDE ELEVATION : HYDROGENATOR



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2013/054035

A. CLASSIFICATION OF SUBJECT MATTER

INV. CO1B15/023 C01B15/013
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Co1B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data, COMPENDEX

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

paragraphs [0006] - [0009]
pages 36-38
claims

A WO 96/26898 Al (CHEMOXAL SA [FR]; LEDON
HENRY [FR]) 6 September 1996 (1996-09-06)
page 1, line 29 - page 7, line 3; figure 1

A DE 10 2008 041950 Al (EVONIK DEGUSSA GMBH
[DE]) 11 March 2010 (2010-03-11)

1-17

1-17

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

15 April 2013

Date of mailing of the international search report

23/04/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Harf-Bapin, E

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2013/054035

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

Gustaaf Goor ET AL: "Hydrogen Peroxide"
In: "Ullmann's Encyclopedia of Industrial
Chemistry",

15 April 2007 (2007-04-15), Wiley-VCH
Verlag GmbH & Co. KGaA, Weinheim, Germany,
XP055038254,

ISBN: 978-3-52-730673-2

page 401, left-hand column - page 409,
left-hand column

US 2007/053829 Al (SETHI DALBIR S [US] ET
AL) 8 March 2007 (2007-03-08)

the whole document

1-17

1-17

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2013/054035
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 9626898 Al 06-09-1996 AU 4835096 A 18-09-1996
BR 9607051 A 30-12-1997
CA 2214087 Al 06-09-1996
CN 1176628 A 18-03-1998
co 4560351 Al 10-02-1998
4 9702695 A3 18-03-1998
EP 0812299 Al 17-12-1997
FI 973512 A 16-10-1997
FR 2730986 Al 30-08-1996
JP H11500997 A 26-01-1999
NO 973895 A 25-08-1997
NZ 302323 A 30-08-1999
us 5902559 A 11-05-1999
WO 0626898 Al 06-09-1996

DE 102008041950 Al 11-03-2010 AU 2009291162 Al 18-03-2010
CA 2736933 Al 18-03-2010
CN 102149459 A 10-08-2011
DE 102008041950 Al 11-03-2010
DE 212009000008 U1 02-09-2010
EP 2323758 Al 25-05-2011
JP 2012501770 A 26-01-2012
KR 20110053352 A 20-05-2011
RU 2011113826 A 20-10-2012
US 2011163462 Al 07-07-2011
WO 2010028869 Al 18-03-2010

US 2007053829 Al 08-03-2007 AT 540000 T 15-01-2012
CA 2620353 Al 08-03-2007
EP 1919825 A2 14-05-2008
ES 2380231 T3 09-05-2012
US 2007053829 Al 08-03-2007
WO 2007027785 A2 08-03-2007

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - drawings
	Page 48 - wo-search-report
	Page 49 - wo-search-report
	Page 50 - wo-search-report

